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ABSTRACT: Infection with the COVID-19 virus has a wide range of adverse effects on the metabolic and endocrine

KEYWORDS . . . . . . .
systems, and in fact, one of the main ways of influencing this new virus has been through these systems. This is why

Physical activity; . . . . . . . .

CoyVID 19 Y people with chronic underlying diseases such as obesity, diabetes, metabolic syndrome, and hypertension show more

Hormones.' severe symptoms and higher mortality rates. On the other hand, exercise can reduce the symptoms resulting from

Diabetes: disease and reduce its lasting effects by improving metabolic health and modulating hormonal mechanisms. Due to the

Obesity new and unknown nature of COVID-19, clinical trials and experimental studies have not been performed to

investigate the effect of exercise on mortality or severity and persistence of symptoms in patients with COVID-19, but
exercise with modifications can improve insulin resistance, reduce the amount of mass, improve fat and anti-
inflammatory properties, and increase the expression of ACE2 receptors, intracellular metabolism and other pathways
that all can play a positive role in combating the virus. Due to the unknown aspects of the mechanism of COVID-19
and exercise, more studies need to be done on the dose-response relationship of exercise before and after the infection

in different age groups and specific groups.

INTRODUCTION

In December 2019, an epidemic with a high mortality rate
spread around the world, creating a public health crisis. The
disease was caused by a virus called the new coronavirus
(SARS-CoV-2) [1, 2]. At present, this disease has become a
pandemic with clinical symptoms of low-grade fever,
cough, dyspnea, muscle aches, acute headaches, loss of
smell and taste, and issues, which have affected all
countries of the world [3].

In some patients, lung

involvement and multiple organ failure have also been
reported [4].

SARS-CoV-2 is spread from person to person contact via
airborne particles due to coughing and sneezing) and be

transmitted in some instances with contaminated

objects/surface s[1]. Global precautionary measures are

needed to a large extent because of its rapid spread[5]. The

virus affects the host organism through various
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mechanisms; in the following, the most important pathways
related to metabolic and endocrine systems will be
discussed. On the other hand, the physiology of the effect
of exercise training on the severity of symptoms, mortality
rate, and recovery of patients with this virus from the
beginning of this pandemic has attracted the attention of
researchers, which we will discuss below. Therefore, the
purpose of this paper is to review the metabolic and
hormonal effects of COVID-19 and the role of exercise in

coping with it during infection and recovery.

Metabolism management as a defensive way to deal with
SARS-CoV-2

The pathogenicity of COVID-19 virus is directly related to
the effects of the virus on the host organism and the type of
response depends on various factors[6]. It is useful to study
the relationship between the courses of the disease and also
to examine how the virus works, as well as the host
response in achieving the response and determining the
type of treatment strategies to combat COVID-19.

Clinical Trial studies performed on the viral effect in
individuals with SARS-CoV-2 have shown that the peak
viral load during the first 7 determines the time of onset of
clinical manifestations and the severity of symptoms and
continues with a decrease in uniformity in the second week
[7-10]. As soon as the viral load decreases, the pro-
inflammatory phase begins, in which the virus undergoes
various changes of infection. Infection. To treat SARS-
CoV-2, resistance strategies, including host immune
response and antiviral therapies that kill the virus, have
been most effective in treating people, even among
asymptomatic patients. It has been shown that targeting fat
metabolism in the epithelium of infected individuals may

have therapeutic and antiviral properties. Adolescents

upper
experience high blood sugar uptake into their lungs[11]. In

diagnosed  with viral respiratory infections
this regard, the bronchi of people with the flu show high
levels of glycolysis and glutaminolysis, which are needed
for the virus to multiply. Improving physiological defense
barriers helps increase survival and recovery. However,

antiviral agents in the asymptomatic stage with mild
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clinical symptoms improve the patient's ability to cope with
the disease[12].

The rapid global and epidemic growth of Coronavirus 2019
worldwide has caused acute respiratory syndrome caused
by this virus[13], which has appeared with different
symptoms and intensities and varying degrees of mortality,
and even it has been asymptomatic in some people. Current
evidence suggests individuals affected by obesity are at
increased risk of death from coronavirus disease 2019
(COVID-19)]14]. There have been reports from countries
such as the United Kingdom[15], China[16 Jand the United
States[17] that people with obesity have experienced far
more severe symptoms, at least during hospitalization. One
symptom includes acute respiratory distress syndrome
(ARDS)[18]. Obesity causes atelectasis (depression of parts
of the lungs), especially in the posterior wall[19], which
causes the collapse of capillaries associated with air
bubbles[20], reducing the recoil action of lung tissue. Also,
parenchymal heterogeneity leads to high shear forces, and
even when vinyl pressure is used, the pressure does not
reach normal levels [21]. This is consistent with findings
related to demographic observations and causes impaired
[22].
increasingly clear that obesity exacerbates the conditions of
COVID-19,

inflammatory damage, and not merely mechanisms and

pulmonary function However, it has become

which is caused by metabolic and
effects of increased adipose tissue [23]. For instance,
according to the classification of overweight and obesity
has been observed that even this classification has been
able to determine the severity of symptoms among people
with English COVID-19 (people over 60 years old) [15]
and this distribution has been similar to the obesity
epidemic among British men [24]. In 112 Chinese adults,
the prevalence of the disease and the mortality rate among
people with cardiovascular disease have been much higher,
and in fact it can be said that the body mass index can be
used as an indicator to predict the severity of symptoms and
mortality [16]. Therefore, there may be fundamental
individual and proportional differences between people
with normal weight compared to individuals who are
overweight or have obesity, with the literature indicating a

strong correlation between body mass index and mortality
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rate among people with COVID-19. A larger study in
France found that patients with COVID-19 with obesity
required seven times more ventilators than normal
patients[25].

These observations are similar to the results of large studies
conducted in 2009 on patients with the HIN1 flu, which
have demonstrated that obesity is associated with a higher
risk of death from the virus [26]. It can also be said that an
underlying disease such as Syndrome X is associated with a
high incidence of COVID-19[2, 15, 27, 28], as seen in 2003
and the SARS epidemic due to diabetes and the disorder. In
the regulation of lipid profile, they are more prone to
developing COVID-19 and its complications[16, 19]. One
of the reasons for this is the high prevalence of fatty liver in
these individuals[28]. Hypertension is also associated with
adverse effects of the disease[29, 17 and 20]. These
findings suggest that the disease tends to cause severe liver
dysfunction in older men and individuals with high blood
pressure and high blood sugar.

Mechanism of association between insulin resistance and
severity of COVID-19 Virus

Insulin resistance results from insulin dysfunction in
various target tissues such as the adipose tissue, liver, and
skeletal muscle as a result of beta-cell dysfunction or due to
defects in cascading and post-receptor insulin signaling
pathways [30]. While various factors such as physical
activity, free radical stress, and inflammation can regulate
high
associated with metabolic diseases and affect different

insulin action, levels of insulin resistance are
tissues. Under normal plasma insulin concentrations levels,

these tissues are wunable to modulate coordinated

physiological responses to glucose depletion by
suppressing dextrose production in the liver and glucose
uptake and glycogen synthesis in skeletal muscle. As a
result, insulin dysfunction has been shown to be associated
with increased circulating insulin concentrations[31]. The
angiotensin-converting enzyme 2 (ACE2) may provide a
molecular link between insulin resistance and the severity
of COVID-19. This is the pathway through which the
SARS virus affects the cells of the host body[32]. ACE2 is

found in various tissues, including the lungs and epithelial
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cells, small intestine, and pancreatic beta cells[33]. The
overall physiological function of ACE2 is the conversion of
angiotensin 2, which causes vasoconstriction and pro-
fibrotic and pro-inflammatory molecules, to angiotensin 7-
1, which is a vasodilator[34]. PhysiologicallyACE2 plays
an important role in the renin-angiotensin-aldosterone
(RAAS) system that controls insulin resistance and
ACE2 protects

resistance by reducing angiotensin 2 through inhibiting the

vascular dysfunction[35, 36]. insulin
oxidative effects of RAAS by reactive oxygen species,
enhancing insulin signaling and insulin sensitivity[36].
Given ACE2’s protective role, several studies have aimed
at investigating the underlying mechanisms[37]and have
confirmed that ACE2 expression in animal models fed with
a high sucrose diet [38] or with increased insulin sensitivity
[39].A randomized controlled trial by Rao et al. has
demonstrated increased lung ACE2 expression through
identifying
phenotypes[42]. The effect of insulin on ACE2 expression

several traits of  diabetes-related
is tissue-dependent and is associated with decreased
expression in glomerular podocytes of NOD[40](non-
diabetic) mice, but increased ACE2 expression in the lungs
of NOD mice increased after insulin injections[41]. In a
study by Muniyappa et al., researchers indicated an
association between diabetes and the severity of COVID-
19, but it is hypothesized that increased glucose rather than
increased insulin is a major metabolic factor in increasing
ACE2 expression [43]. However, a study by Rao et al.
showed regular insulin administration was independently
associated with ACE2 expression [42]. This differentiation
may be clinically relevant because it can determine whether
normal prioritization of blood sugar over insulin is
preferred to reduce ACE2 expression reducing the severity
of COVID-19. It is also clear that independent of ACE2
expression; there are other mechanisms involved in the
more severe diabetes-related phenotype in COVID-19[44].
"Cytokine Storm" has shown to be involved in multiple
organ failure which may be associated with COVID-19,
and there is strong evidence from Middle Eastern
respiratory syndrome models that demonstrate that have
type 11 diabetes alters individuals cytokine profiles and may

exacerbate causing an altered immune response, worsening
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lung function [45]. Research has also shown that the
increase in plasma glucose and having type Il diabetes
independently with risk factors and mortality in patients
with SARS [46] and COVID-19 [28]
questionable, but the state of insulin resistance and high

is somewhat

levels of insulin increases ACE2 expression in the lungs
and epithelial cells and also exacerbates the severity of the

disease.

Role of insulin resistance and Application in the severity
of COVID-19 symptoms

Clinicians with experience in endocrinology and other sub-
specialties tend to know whether patients have insulin
resistance[23]. This can make it difficult to determine the
real impacts of insulin resistance on patient outcomes in
early COVID-19 studies published to date. This is because
it was not a main clinical outcome variable, and that data
was not ready. Due to it not being a variable of interest, it
makes it difficult to determine its effectiveness in
predicting the severity of COVID-19, responding to
interventions or therapies, or assessing its relative
importance compared to other risk factors such as obesity
and high blood pressure, or type 1l diabetes. It is suggested
that measuring insulin resistance be part of the routine
clinical evaluation of these patients. However, it seems
reasonable to explore the potential of insulin-resistant
phenotype as a prognostic indicator and to determine
changes in insulin sensitivity during COVID-19 infection
and its association with symptom severity[23]. Measuring
the ratio between leptin to adiponectin has shown to be a
good physiological indication of the body's insulin
sensitivity, as demonstrated in epidemiological studies[47,
48]. Adipocytes releases both leptin and adiponectin, which
both have shown to play strong role in metabolic
homeostasis. Leptin signals to the hypothalamus and plays
a vital role in regulating food absorption and energy
expenditure[49] in people with obesity with high levels of
leptin[50]. In contrast, adiponectin Tissue fat oxidation
decreases free fatty acids[51].

People with diabetes, severe obesity and hypertension are

more prone to infection and the risk of infection and

612

associated with high mortality rates[52]. The China Centers
for Disease Control and Prevention reports an increase in
mortality in people with diabetes from among 72314 people
with COVID-19 [53]. Obesity and hypertension have been
reported in 15% and 64% of people with diabetes,
respectively. Virus-infected cells appear to require high
metabolic changes to meet high anabolic requirements

during the virus replication period.
The role of lipid membrane metabolism and formation

The biogenetic pathways of host cell lipids are involved in
regulating virus replication. Lipids can function as direct
receptors for cofactors for various viruses to enter at the
cellular level or endosomes[54, 55] and explain the
complexity of viral replication with the energies required
for virus replication[56, 57]. Lipids can also regulate viral
cellular dysfunction and protein function, as well as
monitor the assembly, tracking, and release of microbial
micro particles [58, 59]. In order for a viral genome to have
multiple viruses first disarms the host's cells and forces

them to create new intracellular membranes.

For different viruses to protect reproductive organs, a
unique phospholipid is required[60, 61]. Survivors of the
SARS virus have been shown to be more susceptible to
heart disease, infectious lung issues, tumors, and abnormal
blood sugar metabolism than normal individuals and
controls. It has also been shown that survivors of the SARS
virus have high levels of phosphatidylinositol and lyso-

phosphatidyl inositol compared to non-sick groups.
Virus internalization: lipid-mediated endocytosis

Endocytosis is defined as internalizing various substances
into a cell, in which different fluids and substances enter
the cell. This process occurs through the intrusion of the
plasma membrane and the internalization of the various
components of a cell via membrane vesicles. Virus entry
occurs through o the binding and bonding of viral
membranes with plasma membranes[62, 63]. At present,
the role of fat shuttles in the entry of the virus into host

cells is of great importance for this study and the epidemic
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of COVID-19. Lipid shuttles are made of sphingolipids,
cholesterol, and cell membrane proteins. Lipid shuttles are
vital for several viruses, such as SARS, especially in the
early stages of duplication, although research has
demonstrated that the angiotensin 2-converting enzyme 2
(ACE2) from a

increase[64]. This can be remedied with covalent and

localization standpoint does not
clathrin, which play important roles in the process of
pinocytosis and virus entry. This process facilitates binding
and accelerates the release of the viral genetic material into
the host cell, which envelops the virus, which includes
coronaviruses leading to lower the intracellular PH of the
endosomes and facilitating the binding and release of the
viral genetic material[64].

Individuals with Type Il diabetes have shown to be at a
higher risk of developing COVID-19. Of course, type Il
diabetes and high blood pressure are the most popular
common and non-communicable diseases, and people with
these diseases are more prone to SARS and MERS [64].
According to reports from the US Centers for Disease
Control and Prevention, patients with metabolic syndrome
and/or type Il diabetes are ten times more likely to develop
COVID-19; however, type Il

syndrome increase the risk of severe COVID-19 symptoms,

diabetes and metabolic

risk of death, and infectious diseases, highlighting the need
for some metabolic aspects in Coronavirus infections that
should be considered separately [65].Hyperglycemia and
the diagnosis of type 2 diabetes are independent factors that
have been a strong predictor in patients with SARS [46].
These findings suggest that these patients have a history of
metabolic inflammation and  experience increased
production and secretion of cytokines. For COVID-19,
cytokine storms (mainly inflammatory cytokines) cause
several different

failure in organs and exacerbate

symptoms[66].

Direct endocrine communication

SARS Coronavirus acts through human cells and

glycoprotein  receptors, which are responsible for

transmitting the virus from host to host. Glycoproteins are
present on the surface of cells where the angiotensin-
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converting enzyme attaches to the ectoenzyme. In the
respiratory system, ACE2 converts angiotensin 2 to
angiotensin 7-1, a key regulator of the angiotensin system.
When ACEL1 activity increases, ACE2 activity stops, and
angiotensin 2 acts through the angiotensin one receptor or
AT2R for inflammatory responses; therefore, it rouses
aldosterone secretion. The effects of this process elevate
systolic and diastolic blood pressure resulting in
hypokalemia, can increase local vascular permeability,
heightening the risk of respiratory distress syndrome[65].
In contrast, angiotensin 7-1 acts through the copper
receptor pathway and leads to anti-inflammatory and anti-
fibrotic responses, which are essential for the recovery
status of patients with COVID-19. It can be stated that
people with severe symptoms of COVID-19 have a blunted
response activation of these pathways, which rises with the
activation of AT1R and AT2R, which can lead to type Il

diabetes, hypertension, and reduced insulin sensitivity [65].
Immediate metabolic connection

In addition, there is a strong connection between
coronavirus infection and high blood pressure, which also
appears to be associated with type 2 diabetes. The binding
of the SARS virus to the ACE2 receptor in the pancreas has
shown to damage the receptor reducing the pancreas insulin
production function. A study that examined patients with
SARS having no history of type 2 diabetes and no history
of steroid therapy was compared with their healthy siblings.
This study demonstrated that 50% of patients later
developed type 2 diabetes. Following three years of
recovery from viral infection has a 5% survival rate. Due to
the body's pancreas upregulating ACE2 expression, it is
possible that the coronavirus may cause acute damage and
dysfunction of stem cells, leading to acute hyperglycemia
and transmission to type Il diabetes. Most importantly,
evidence has shown that diabetic mice increase ACE2
activity in the pancreas. These findings suggest that
patients with type Il diabetes may be at a higher risk of
coronavirus infection. In addition, type Il diabetes leads to
the expression of angiotensin-converting enzymes in other

organs, including the lungs, liver, and cardiac muscle,
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which may be a possible mechanism of multi-organ failure

in related infections or coronavirus.

Long-term effects of metabolic complications on survivors
of COVID-19

Patients exhibiting serious COVID-19 symptoms have a
long road of recovery to get rid to the long-term effects of
the infection resulting in a long time of healing[67]. One of
these long-term effects is likely metabolic dysfunction.
Following a 12-year gap of studying individuals with
SARS from China, people exhibited metabolic disorders,
which included hyperlipidemia, insulin resistance,
hyperglycemia, type | diabetes, and type Il diabetes [12].
Serum metabolism studies have demonstrated that these
individuals  have  impaired levels of lipids,
phosphatidylinositol, lysophosphatidylcholine (LPC) and
lyso-phosphatidyl inositol.

Another study of critically ill patients found demonstrated
that individuals with acute kidney injury were more likely
to experience the onset of diabetes compared with the
people in the control group during the recovery period[68].
The underlying mechanisms involved in the long-term
adverse effects of severe COVID-19 symptoms can be
complex and include factors such as psychological,
emotional, and biological factors that can have lasting
effects.

Psychologically, survivors of acute respiratory distress
syndrome (ARDS) develop long-term cognitive defects
leading to hypoxic and inflammatory conditions that cause
impaired ventilation[69, 36]. People with inadequate
memory function tend to eat uncontrollably due to being
less sensitive to hunger and internal satiety, which leads to
body mass gain and higher body mass indexes [69].
Emotionally, individuals who have survived ARDS have
been shown to have increased levels of depression and
post-traumatic stress disorder, which can have negative
effects on metabolism, leading to forced eating, reduced
motivation, and physical activity [70]. Cognitive training
and promotion of emotional health are necessary to
rehabilitate these people and those with COVID-19 to

maximize metabolic health and bring people to a state of
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health before infection. Physiologically, damage to the
endocrine system or organ systems such as the liver,
pancreas, and muscle tissue fatty tissue may promote the
creation of metabolic syndrome in patients with COVID-
19. Among people with COVID-19, the spread of
pancreatic damage has been reported during infection,
indicating increased levels of circulating pancreatic
enzymes. The pancreas triggers the expression of ACE2,
through which the SARS virus enters cells, causing damage
to the pancreas and a decrease in insulin release[71], which
may lead to stable diabetes in survivors of the SARS virus.
People with ARDS and other clinical problems experience
a high rate of severe muscle mass loss due to metabolic
disorders and immune responses due to infection, which
leads to decreased mobility and necessitates medical
intervention with mandatory nutrition. During the first few
weeks, these individuals lose 20% of their body mass after
undergoing difficult initial periods[39]. The results of
patient survivors in the United States United States, have
shown to reach their normal weight about a year after the
onset of the disease. However, body composition analysis
has shown that mass body gain occurred due to an increase
in abdominal fatty tissue without gaining net body mass
[1]. Survivors of ARDS also experience myopathy because
of acute muscle weakness due to dysfunction of muscle
fibers[72]. In survivors of infection, longstanding skeletal
muscle weakness and loss of body mass have been
reported, which can lead to mitochondrial dysfunction and
metabolism altering satellite cell function, which is critical
for the reproduction of skeletal muscle cells [73]. It is
possible that chronic changes noted above may explain the
overall decline in physical conditioning associated with
skeletal muscle weakness and changes in the functional
capacity of survivors of this dangerous disease [74].
Decreased functional capacity and lean body mass can
reduce insulin function in survivors. However, to our
knowledge, cases have been reported in individuals
diagnosed with COVID-19 that may be reported in very
severe cases. Rhabdomyolysis, defined as the breakdown
and damage of lean muscle mass, has been reported in
people with COVID-19[75]and may affect long-term
functional impairment and muscle health. Stroke is one of
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the most important complications of COVID-19. During
the recovery period, these people are more at risk for stroke
due to possible vascular complications[76]. Long-term in
which altered metabolism may be an important factor for
possible future events occurring in tissues. Weight loss and
lack of nutritional consumption have been observed
regularly in these individuals during recovery[76]. Effects
associated with long-term changes in plasma lipid levels
include free fatty acids and triglycerides[76]. High and
stable levels of lipids can lead to cardiovascular
dysfunction in individuals recovering from SARS and
COVID-19 disease. Like people with SARS, people with
COVID-19 are more likely to experience metabolic
syndrome in the future. Due to the longstanding side
effects, it is possible that the long-term outcomes depend
largely on the types of medical treatment delivered as well
as the social variables that affect metabolic health. It is
suggested that metabolic health should be the main focus in
which individuals extensive

patients or undergo

psychological counseling and physical therapy and
occupational therapy rehab programs, which will enhance
their metabolic health, allowing patients to return to their

normal pre-disease state.

Possible effects of exercise on metabolic and hormonal
systems with COVID-19

The COVID-19 pandemic is currently exacerbating the low
physical activity pandemic[77]. According to the World
Health Organization, it is estimated that 3.2 million deaths
occur each year due to a sedentary lifestyle [1]. For many,
social isolation and quarantine with the closure of clubs,
fitness centers, and public parks have created an
irreplaceable preventing structure to maintaining an active
lifestyle. From a public health perspective, the importance
of not having a safe place on-site should be reinforced by
staying in place. Here, we will discuss exercise as an
effective therapeutic strategy for boosting COVID-19
resistance through its effects on the angiotensin-converting
enzyme[78]. Because the ACE2 receptor is known to be an
important site for SARS virus entry, there is much debate

about the importance of using angiotensin-converting
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enzyme inhibitors and angiotensin-2 blockers in the
management of Corona-virus patients with hypertension
[78]. Animal studies have shown that ACEi /ARBs may be
effective in rearranging the expression of ACE2 receptors.
This has raised concerns about the use of ACEi /ARBs in
people with hypertension, which may heighten the risk of
COVID-19 symptoms, its severity, and mortality. Other
researchers support the blocking of ACE2 (or the
management of angiotensin IlI) as a potential strategy to
reduce the viral entry of SARS into cells that express
ACEZ2[79]. The association of ACEi /ARB use in the health
facility setting has been investigated in 1128 patients with
coronavirus and hypertension. The results showed that the
use of ACEi /ARB in the hospital was linked with a lower
risk of death among patients with COVID-19 compared
with those who did not use it[78]. Nevertheless, brilliant
results have been obtained on the complex issue of the
relationship between ACE2 and the pathophysiology of
COVID-19. ACE2 exerts its anti-inflammatory and anti-
fibrotic properties through the production of angiotensin 7-
1 by Mas receptors. Thus, the ACE2-Angl-7 Mas receptor
the ACE-Ang II-AT1
complementary pathways necessary for good health. The
binding of COVID-19 to ACE2 reorganizes it, and it can be
said that the ACE2-Angl-7 mass receptor over activated

and receptor are potential

the ACE2-Ang1-7 mass receptor pathway[78]. By reducing
the availability of ACE2 for the conversion of angiotensin
to angiotensin 7-1 and its anti-inflammatory and anti-
fibrotic effects, more angiotensin is produced by ACE2,
which leads to an inflammatory environment, lung damage
and increased expression of prophylactic alpha-osmosis
[80].
discontinuation of ACE /ARBs is not recommended in

muscle actin and TGF-B1 genes Therefore,
patients with hypertension and may in fact lead to increased
mortality in patients with COVID-19[81]. Nowadays, the
concept of "exercise is a drug" should be more noticeable
for sedentary individuals. Exercise may be an ACE in
solution to reduce the risk of COVID-19 infection and
minimize its

cardiopulmonary  consequences during

recovery[82, 83].
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DISCUSSION

The main question is whether it is appropriate to do sports
during COVID-19? To answer this question, we must first
discuss the effects of high-intensity exercise on immune
responses. So far, studies have demonstrated that moderate
exercise strengthens the immune system's response to
[83]. After
exercise and in neutrophils and the number of natural killer

respiratory infections moderate-intensity
and mouth
[83, 84].

exercise increases cortisol levels, which in turn increases

cells is evident, immunoglobulin -~ A

concentrations increase Moderate-intensity
inflammation[84]. This strengthens the immune system
against viral infections by changing the response ratio of
Th1/Th2 cells. A 20-30% reduction in upper respiratory
tract infections has been reported who participate in
moderate exercise daily[84]. However, vigorous exercise
chronically leads to suppression of the immune system [83-
85]. Moderate-intensity exercise strengthens the immune
system and reduces the risk of respiratory tract infections.
However, high-intensity exercise weakens the immune
system for a longer period of time, increasing the relative
risk of respiratory tract infections over a period of time[85].
It can be said that moderate-intensity (rather than intense)
exercise may be beneficial for the health of the immune
system of people without clinical symptoms. However, as
mentioned above, due to the heightened risk of
transmission and the spread of the disease (person to person
or from contaminated surfaces), such as exercising at home
appears to be a feasible option to decrease risk.

Exercising in the comfort of your home using a
combination of simple and varied modalities can be a
useful tool to fight possible coronavirus infections while
also maintaining a high level of physiological function at
home programs can include strength-based exercises using
bodyweight, free weight, or resistance bands, flexibility
exercises, and balance exercises, or a combination of them
[86]. Also, the utilization of brisk walking at moderate
exercise intensity outdoors while social distancing may also
be a viable option.

However, high-intensity interval

training in public gyms/clubs and highly populated

environments can be dangerous and should be avoided.
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Likewise, there are serious challenges to holding sports
competitions[87]. First, athletes at these levels need to train
hard to be prepared for sports competitions, which can
suppress the immune system over a period of time. Second,
the majority of athletes who need close contact with
teammates, rivals, or the environment (for example, water
polo, diving, powerlifting, javelin throwing, and discus
throwing) are at high risk of contracting the COVID-19
virus. This can help spread the virus across nations.
Therefore, a 2-week rigid quarantine outside of competition
camps is highly recommended for those who may be
afflicted with the virus[87]. Therefore, it makes sense to
cancel or delay sport competitions. However, competitions
can be held without spectators and in accordance with
health protocols. Given these factors, there is great concern
about major sporting events such as the Olympics. Another
important question is about maintaining and recovering
physical fitness during and after an upper lung infection.
Symptoms of upper lung infections are limited to the throat
and neck, such as coughing, convulsive expulsion, and
throat pain, in which case the person is only asked to
exercise for only 10 minutes. If an individual is
experiencing symptoms, the person should cease physical
activity until proper recovery occurs. If the person's posture
remains stable after 10 minutes of jogging, the person is
allowed to engage in the moderate-intensity exercise below
80% of maximal oxygen consumption. However, if the
signs and symptoms of the disease reach the lower limbs,
such as muscle pain, fever, and gastrointestinal symptoms,
the person should rest completely until complete recovery
[84, 88]. In patients diagnosed with pneumonia, individuals
experience a slower return to the participation of physical
activity, which should be performed within four weeks[85].
However, this appears to be observed in healthy active
individuals with unstimulated immune system function
which may not be translational to the whole general
population. Otherwise, given the new symptoms of
COVID-19 and its unfortunate effects on the immune
function and heart complications, including myocarditis, it

makes sense to be cautious enough to continue exercising
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in symptomatic patients. Therefore, by understanding the
pathophysiology of COVID-19 and how it adversely affects
people with poor metabolic health and enhances the
severity of symptoms, we can understand that it is possible
to reduce the severity of the disease and achieve desirable
results [12]. What is certain is that the mechanism for
dealing with COVID-19 should not be limited to
strengthening the immune system and related issues. What
is certain about metabolic health, COVID-19 virus, and
sport is that, at present, sport has moved away from its
traditional definition and the concept of "sport is a drug"
has materialized. In fact, it can be said that regardless of the
effect of exercise on strengthening the immune system, the
aspect of improving the health of the fuel and its
metabolism has a greater effect on neutralizing the side
effects of this virus in infected individuals.

CONCLUSIONS

As mentioned in this review article, people afflicted with
the virus experience a wide range of metabolic and
hormonal changes, and in fact, it even appears to be a
metabolic and infectious complication. But the fact is that
there is a two-way relationship between the responses of
this virus to different bodily organs. This means that if a
person has poor metabolic health, contracting the virus will
act as a chronic disease associated with metabolic
disorders. This problem multiplies the complication in
people who have underlying diseases and metabolic
problems. It is also important to note that in the long term,
survivors of the virus show symptoms of the disease with
metabolic manifestations and maybe much more likely to
develop chronic non-communicable diseases than the

general population.
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