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Background and aims: COVID-19 is a public world crisis, however, it is a self-limited infection. In COVID-
19, the strength of immune and respiratory systems is a critical element. Thus, this review was conducted
to demonstrate the short and long term effects of increasing the aerobic capacity on increasing the
function and strength of immune and respiratory systems, particularly those essential for overcoming
COVID-19 infections and associated disorders.
Methods: This review was carried out by searching in Web of Science, Scopus, EBSCO, Medline databases.
The search was conducted over clinical trials and literature and systematic reviews on the effects of
increasing the aerobic capacity on the function and strength of specific immune and respiratory elements
essential for overcoming COVID-19 infections.
Results: This review found that increasing the aerobic capacity could produce short-term safe im-
provements in the function of immune and respiratory systems, particularly those specific for COVID-19
infections. This could be mainly produced through three mechanisms. Firstly, it could improve immunity
by increasing the level and function of immune cells and immunoglobulins, regulating CRP levels, and
decreasing anxiety and depression. Secondly, it could improve respiratory system functions by acting as
an antibiotic, antioxidant, and antimycotic, restoring normal lung tissue elasticity and strength. Lastly, it
could act as a protective barrier to decrease COVID-19 risk factors, which helps to decrease the incidence
and progression of COVID-19.
Conclusion: This review summarizes that increasing the aerobic capacity is recommended because it has
potential of improving immune and respiratory functions which would help counter COVID-19.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The new coronavirus or COVID-19, according toWHO, is a public
world crisis. Nowadays, COVID-19 is quickly spreading from its
origin in Wuhan City, China to all the world [1]. According to the
WHOwebsite, until April 6, 2020, around 1,136,862 cases have been
confirmed to have COVID-19 and 63,025 of them died [2]. COVID-19
is a novel enveloped RNA beta-coronavirus and it is known as the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) [3].
The common symptoms of COVID-2019 are fever and cough [4]. The
fever exists in only 43.8% of the patients on admission, however, it
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increases by 88.7% through hospitalization. The cough is the second
common symptom and occurs in about 67.8% [3]. Other symptoms
include fatigue, myalgia, and dyspnea. (see Figs. 1 and 2)

COVID-19 is a self-limited infection, in which the strength of the
host’s immune strength plays a significant role against it [5].
Increasing the aerobic capacity can produce immediate effects on
the immune system activity. It has been shown that aerobic exer-
cises significantly increase the function of the immune system in
short periods and sometimes this increase occurs after only one
session. The effect of increasing the aerobic capacity on improving
the immune functions can be mainly produced through three
mechanisms. Firstly, it can increase the level and function of T-
lymphocytes, neutrophils, macrophages, and monocytes, which are
essential elements in the body’s defense against infections [6e11].
Secondly, it can increase the level of immunoglobulins (IgA, IgM,
IgG), particularly IgA because of its vital role against lung infections
[12e15]. Lastly, it can regulate the level of C-reactive proteins (CRP),
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through inducing a short-term small increase [16e18] to fight lung
infections and a longeterm decrease to inhibit any decrease in lung
functions [19,20], and lowering anxiety and depression to improve
the immunity by re-balancing T-helper-1/T-helper-221�27.

Also, increasing the aerobic capacity can produce a preventive
and curable role against respiratory infections and disorders. It can
prevent or treat both pneumonia [28e30] and acute respiratory
distress syndrome (ARDS) [11,31,32], which are the common dis-
orders develop with COVID-19 and lead to a respiratory system
failure. The effect of increasing the aerobic capacity on improving
lung functions and preventing lung damage can be summarized
into four mechanisms. The first mechanism includes the role of
increasing the aerobic capacity as antibiotic and antimycotic pro-
phylaxis to improve lung and body immunity [30]. The second
mechanism includes the role of increasing the aerobic capacity on
restoring normal lung tissue elasticity and increasing respiratory
muscles strength and endurance, which help in increasing the
ventilation, lung mechanics and decreasing lung damage [33e36].
The third mechanism includes the role of increasing the aerobic
capacity as an antioxidant to limit free radicals production and
oxidative damage [37]. The fourth mechanism includes the role of
increasing the aerobic capacity on decreasing the cough and clear
respiratory airways through both improving the lung immunity
[38] and producing an autonomic modulation [39,40]. The role of
increasing the aerobic capacity on pulmonary functions and im-
munity is more important than breathing exercises and can
accomplish more improvements in cough mechanism [36,41].

Furthermore, increasing the aerobic capacity can reduce COVID-
19 risk factors. This helps in decreasing the incidence and pro-
gression of COVID-19. A recent study that has been published on
March 13, 2020 [42] has demonstrated that risk factors linked with
the occurrence of COVID-19 and its progression to death include
aging, hypertension, diabetes, and heart problems. All these risk
factors have been previously shown to be immediately or shortly
improved by increasing the aerobic capacity [37,43e49].

Depending on the previous effects of increasing the aerobic
capacity, particularly its immediate and short-term effects on the
immune system, this review was developed to suggest a natural
line of intervention for patients with COVID-19 through increasing
their aerobic capacity to prevent or decrease the progression of
accompanying disorders. Also, this review highlights the role of
increasing the aerobic capacity as a recommended intervention
during the lockdown or in mild cases (pre-fever stage). Increasing
the aerobic capacity can be also used as an adjacent treatment to
decrease hospitalization, which sometimes forces the medical staff
to choose between treating some patients and leaving others to die.
This review consists of three subtitles, the effects of increasing the
aerobic capacity on improving the immune system functions, the
effects of increasing the aerobic capacity on improving respiratory
system functions and preventing its illnesses in patients with
COVID-19, and the effects of increasing the aerobic capacity as a
protective barrier against the occurrence of COVID-19.

2. The effect of increasing the aerobic capacity on improving
the immune system functions

COVID-19 is a self-limited infection. Li et al. [50] have demon-
strated that the immune response is crucial in controlling and
treating coronavirus infections and any malfunction in the immune
systemmay result in immunopathologies and impaired pulmonary
functions. The development of a drug to treat patients with COVID-
19 might take several months, thus the need for quick and safe
interventions is a must to decrease its spreading and death rates.
The subtopic is unique because it is the first subtopic that discusses
in-depth the important role of increasing the aerobic capacity on
improving COVID-19 specific immunity elements essential for
decreasing its incidence and progression.

MERS-CoV, SARS-CoV, and COVID-19 are b-coronaviruses that
can lead to serious lower respiratory tract infections and extra-
pulmonary signs [50,51]. Among all immune cells, T-lymphocytes
play major antiviral roles against pathogens [50]. CD4þ T-lympho-
cytes increase the secretion of virus-specific antibodies by stimu-
lating T-dependent B-cells. Besides, T-lymphocytes can survive in
the infected lungs and destroy the infecting viruses [52], this
highlights the important role of T-lymphocytes in controlling the
pathogenesis of coronaviruses infection. It has been shown that the
response of cross-reactive T-lymphocytes is vital for the reduction
in amounts of MERS-CoV [53]. The depletion of T-lymphocytes
usually causes a decrease in the pulmonary recruitment of T-lym-
phocytes, neutralizing antibody, and cytokine production. This can
cause a severe immune-mediated interstitial pneumonitis and late
clearance of SARS-CoV from lungs [54]. Moreover, T-helper cells
stimulate the release of pro-inflammatory cytokines through
stimulating the NF-kB signaling pathway [55]. Pro-inflammatory
cytokines stimulate the release and migration of monocytes and
neutrophils to the location of infection to activate other down-
stream cytokine and chemokine cascades, including IL-21, IL-10, IL-
6, IL-1, IL-8, MCP-1, and TNF-b [56,57]. MERS-CoVs can produce T-
lymphocytes apoptosis by triggering the extrinsic and intrinsic and
apoptosis pathways [58]. In the later stages of the lung infection,
the diminution of T-lymphocytes could increase the period of
infection and promote viral survival [59].

Increasing the aerobic capacity produces an immediate
improvement in the action of T-cells. A recent systematic review
conducted by Gonçalves et al. [6] has demonstrated that aerobic
exercises can produce immediate and short-term improvements in
the immune response of leukocytes, T-lymphocytes, lymphocyte
subpopulations, interleukins, and immunoglobulins. Several authors
have demonstrated that only a single session of aerobic exercises
produces improvements in the utmost immune markers, such as T-
lymphocytes, leukocytes, and immunoglobulins [7e10]. Lippi et al.
[7,8] have demonstrated that mid-distance running (21.1 km) in-
creases the production of neutrophil, leukocyte, and monocyte
amounts in unprofessional runners. Lira et al. [10] have shown that
after just 60-min of 5-km running, an increase in cytokine IL-6 and
IL-10 occurs. Li et al. [9] have demonstrated that a single session of
prolonged aerobic exercises can increase the number of circulating
leukocyte, neutrophil, and monocyte for up to 9 h. A more related
study conducted by Gonçalves et al. [11], they investigated the pro-
tective short-term effect of aerobic exercises on artificially-induced
acute lung injuries in mice. They found that performing low aero-
bic exercises for only 5-weeks produced a significant increase in the
number of neutrophils in bronchoalveolar lavage (BAL) fluid and
tissue, pulmonary elasticity and resistance, TNF-alpha in lung tissue,
protein leakage, plasma levels of IL-10 and IL-6, and IL-1beta, IL-6
and KC levels.

The second defense mechanism to COVID-19 infection is the
humoral immunity. The humoral B-cell subcategories have pheno-
types properties of simple and non-isotype switched manner. They
include memory cells and antibody-secreting cells, which increase
with coronavirus infections [50,60]. The antigen activation of coro-
naviruses infection is elucidated by utilizing a specific 9-mer peptide
“CYSSLILDY”, which rests at the region from 437 to 445 inside the
area of the S-glycoprotein [50,60]. This structure has the maximum
B-cell antigenicity scheme and can form an extreme number of in-
teractions with MHCI alleles in a computerized model [61]. Several
reports have shown that the humoral immunity is critical in regu-
lating the persistent phase of coronaviruses infection [62e64].

The normal humoral immunity plays a critical role in the im-
mune response of the host body to coronaviruses infections. The
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innate humoral immune response consists of multiple components,
including the serum complements (C3eC9), the naturally occurring
antibodies, or immunoglobulins (IgM, IgE, IgG, and IgA), pentraxins
(CRP), and contact cascades (FXIIa) [65]. The complement system is
vital in the antiviral response. The complement system is strongly
regulated with inhibiting proteins secreted into the serum. Viruses
usually have encoded proteins that help them to avoid their
recognition by the complement system, particularly if this com-
plement system has any impairment in its function [50,66]. Thus,
the improvement of the function of the complement system might
help in discovering the encoded proteins of these viruses.

To the best of our knowledge, there were rare human studies
investigated the effects of aerobic exercises on the activities of
serum complements and they focused more on athletes than
normal individuals. Although the main aims of these studies were
to study the effect of aerobic exercises on the complement activity
to examine the role of overtraining syndrome in diminishing the
immune response. In these studies, there were high contradictions
in their results. Smith et al. [67] conducted a study to investigate
the short-term effects of aerobic exercises on the complement ac-
tivity in runners. They found that short-term aerobic exercises
produced stimulation of C3 and C4 and consequent generation of
C3a and C4a anaphylatoxins. They suggested that stimulation of the
classical pathway of complement and selective downregulation of
C3 production might be found in individuals commonly involved in
mild aerobic exercises as runners. Karacabey et al. [68,69] investi-
gated the effect of aerobic exercises on the humoral activity in
professional athletes and sportswomen. They found that C3 and C4
levels suppressed immediately after aerobic exercises as compared
to the pre-exercise results, while these values returned to be non-
significant as compared to pre-exercise values after only 4 h.
Wolach et al. [70] examined the effect of aerobic exercises on
complement activity in young-female gymnasts. They found high
contradictions in the results of complement components (C1Q, C1R,
C1S, C2, C3, C4, C5, C6, C7, CA, and C9). These high contradictions
might be raised because athletes usually participate in high stren-
uous and repeated activities, which can lead to adverse effects
(overtraining syndrome) [71].

Immuunoglobins are very important in preventing COVID-19s
infections. Immunoglobulins mainly include IgA, IgE, IgM, and
IgG. The IgA and IgG are dominants immunoglobulins in the
mucosal secretions and they play important roles in preventing
respiratory tract infections (the more decrease in IgA and IgG
concentrations, the more increase in upper tract infections)
[12e14]. The role of increasing the aerobic capacity on increasing
the amounts of immunoglobulins has been demonstrated in some
studies. Karacabey et al. [68] have demonstrated that performing
regular moderate aerobic exercises can increase hormone release
and immunoglobulins IgA, IgG, and IgM. Mohamed and Taha [15]
compared the long-term effects of aerobic and anaerobic exercises
on the amounts of immunoglobulins in obese women. They found
that unlike anaerobic exercises, aerobic exercises increased the
amounts of immunoglobulins, particularly IgM and IgG.

Another subtype of humoral immunity components is pen-
traxins (CRP). Pentraxins play chief roles in inflammatory processes
and body reactions to viral infections by stimulating the comple-
ment pathway, phagocytosis, apoptosis, nitric oxide secretion, and
cytokines production [72]. Increasing CRP levels is a body defense
mechanism against viral infections, however, persistent high CRP
levels can significantly speed up lung damage because high CRP
levels cause consequent drops in lung functions [73]. One of the
main lab tests to discover COVID-19 is serum CRP. Patients with
COVID-19 have very high levels of CRP [1,74]. Increasing the aerobic
capacity plays an interesting role in regulating the CRP levels by
producing a short-term small increase in CRP levels [16e18] to fight
lung infections and a long-term decrease in CRP levels [19,20] to
prevent the decrease in lung functions.

The immune activity can be significantly affected by the host
mood. Patients with COVID-19 usually have higher degrees of
anxiety and depression [75]. The negative effects of anxiety and
depression on immunity have been demonstrated in several
studies [21,76,77]. Stress plays a critical role in morbidity and
mortality rates in immune-based diseases [21]. The actual rela-
tionship between stress and decreased immunity is not clear yet.
Stress might decrease immunity by altering the balance between
immune cells, such as altering the balance between T-helper-1/T-
helper-2. Stress can cause this alteration through its effect on
increasing the amounts of serum corticosteroids and catechol-
amines hormones, thus a decrease in the immunity response might
occur [21].

Increasing the aerobic capacity can significantly improve the
mood. This might be attributed to the effect of aerobic exercises on
decreasing stress hormones, like corticosteroids and catechol-
amines hormones which can rebalance T-helper-1/T-helper-2
relationship [27]. It has been demonstrated that the association
amid exercise duration and mood variation is non-linear and just
performing 10- to 30-min aerobic exercises is sufficient to improve
the mood [22,23]. Hogan et al. [24] have demonstrated that biking
for 15 min has a positive effect on both youngers and elderlies with
anxiety disorders. Broman-Fulks and Storey [25] have reported that
walking with 50% of maximal heart rate or running with 60e90% of
maximal heart rate for 20-min significantly decreases the sensi-
tivity to anxiety. Crabbe et al. [26] have stated that aerobic exercises
for just three days significantly decreases the emotional arousal to
any unpleasant stimuli. Asmundson et al. [78] have shown that
regular mild aerobic exercises significantly decrease anxiety
disorders.

However, the performance of mild tomoderate intensity aerobic
exercises is beneficial in increasing the function of the immune
system in patients with COVID-19, the performance of high in-
tensity aerobic exercises should be avoided for those patients
because of its adverse effects on suppressing the function of the
immune system [79]. Also, aerobic exercises should be avoided in
high fever because of its adverse effects on decreasing the immu-
nity [80].

3. The effects of increasing the aerobic capacity on improving
respiratory system functions and preventing its illnesses in
patients with COVID-19

COVID-19 mainly affects the respiratory system causing pneu-
monia and ARDS [81e85]. Samples were taken from patients with
COVID-19, in Wuhan-China, from their respiratory BAL fluid indi-
cated that COVID-19 virus presented mainly in the BAL fluid
[85,86], causing a novel coronaviruseinfected pneumonia (NCIP)
[85e88]. In these samples, patients initially presented with com-
mon symptoms, like fever, cough, and pneumonia. In the later
stages, there were both intra and extra respiratory changes
[81e83,85]. Early-stage chest CT scans showed significant intra-
pulmonary small patch-like shadows presented in several lobes
of both lungs. In the later stages, these small patch-like shadows
converted to numerous ground-glass opacities along with infiltra-
tion shadows “large white lung” [77]. The median interval of pro-
gression of these symptoms from the initial onset of symptoms to
dyspnea was five days, to hospital admission was seven days, and
ARDS was eight days [81,84]. The subtopic is unique because it is
the first subtopic that discusses in-depth the important role of
increasing the aerobic capacity on improving COVID-19 specific
respiratory system elements essential for decreasing its incidence,
progression, and associated disorders and symptoms.



Fig. 1. The effect of aerobic exercises on the immune system. Aerobic exercises improve the function of the immune system by increasing the level and function of T-lymphocytes,
neutrophils, macrophages, and monocytes, which are essential elements in the body’s defense against infections, increasing levels of immunoglobulins “IgA, IgM, IgG”, particularly
IgA and IgG because of its vital role in lung infections, regulating C-reactive protein levels, through producing a short-term small increase to fight lung viruses and a longeterm
decrease to prevent any drop in lung functions, and decreasing anxiety and depression to improve the immunity by rebalancing T-helper 1/T-helper 2 relationship.
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The respiratory pathological findings of COVID-19 in early stages
are rare, however, Tian et al. [83], reported that infected patients
might show proteinaceous exudate, edema, focal reactive hyper-
plasia of pneumocytes with sporadic inflammatory cellular infil-
tration, and multi-nucleated giant cells. Also, some differences
were detected between these patients, as a reactive alveolar
epithelial hyperplasia and fibroblastic proliferation (fibroblast
plugs). The most common pulmonary disorders in patients with
COVID-19 are pneumonia and ARDS, and they are considered life-
threatening disorders and need immediate interventions [1e8].
Also, the earliest and commonest signs in patients with COVID-19
are dry cough and dyspnea [1e8]. Increasing the aerobic capacity
can significantly help in preventing and treating pulmonary in-
fections and pathological conditions [89]. The effects of aerobic
exercises in pulmonary infections are more preferable than
breathing exercises because of their associated immune and auto-
nomic modulations [36,41].

Increasing the aerobic capacity can prevent pneumonia or
decrease its progression from mild to severe. Baumann et al. [30]
have demonstrated that short periods of aerobic exercises can
prevent the occurrence of pneumonia and fever in patients with
cancer. Williams [90] has stated that mild aerobic exercise, like
running and walking, is associated with a lesser risk of pneumonia,
respiratory diseases, and aspiration pneumonia mortality. Durigon
et al. [37] have reported that increasing the aerobic capacity for 2-
months can inhibit pseudomonas aeruginosa induced lung
inflammation and bacterial colonization in elderly mice. Neuman
et al. [28] have shown that increasing the aerobic capacity is very
important in decreasing the occurrence of pneumonia in US
women. Olivo et al. [29] have reported that mild aerobic exercises
can produce a significant anti-inflammatory effect in patients with
streptococcus pneumonia, which helps in attenuating pulmonary
inflammation.

Also, increasing the aerobic capacity can prevent ARDS or
decrease its progression frommild to severe. Rigonato-Oliveira et al.
[31] have demonstrated that increasing the aerobic capacity inhibits
acute lung inflammation through decreasing inflammatory cyto-
kines and oxidative stress markers in mice and humans. Vieira et al.
[91] have reported that increasing the aerobic capacity increases
levels of IL-10, which is an essential element in immunity against
acute lung inflammations and injuries. A very recent study con-
ducted by Shi et al. [32] has shown that 5- weeks of mild aerobic
exercises can prevent acute lung injury in mice by producing
neutrophil extracellular traps (NETs) inhibition, which plays a vital
role in acute lung injury. NETs are secreted by stimulated neutrophils
and consist mainly of histones, DNA, myeloperoxidase, and neutro-
phil elastase (NE). The extracellular web-like structures can effi-
ciently trap attacking pathogens and use highly local concentrations
of anti-microbial peptides to destroy virulence components.

The effect of aerobic exercises over-breathing exercise in the
treatment of respiratory dysfunctions that occur in patients with
COVID-19 can be summarized in four mechanisms. The first
mechanism includes the effect of aerobic exercises as antibiotic and
antimycotic prophylaxis. It was previouslymentioned in the section
of “the effect of increasing the aerobic capacity on improving the
immune system functions” that increasing the aerobic capacity
increases the respiratory and body immunity through a) increasing
the level and function of T-lymphocytes, neutrophils, macrophages,
and monocytes which are essential elements in the body’s defense
against infections, b) increasing the level of immunoglobulins “IgA,
IgM, IgG”, particularly IgA because of its vital role in lung infections,
C) regulating C-reactive protein levels, through producing a short-
term small increase to fight lung viruses and a longeterm decrease
to prevent the drop in lung functions, and d) decreasing the anxiety
and depressionwhich helps to rebalance T-helper-1/T-helper-2 and
improve the immunity.

The second mechanism includes the effect of aerobic exercises
on restoring the elasticity of lung tissues and increasing strength
and endurance of respiratory muscles. Increasing the aerobic ca-
pacity produces short-term effects on lung elasticity and recoil
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mechanism. Guimar~aes et al. [34], investigated the effect of 4-
weeks of mild aerobic exercises on the occurrence of an artifi-
cially induced emphysema in mice. They found that aerobic exer-
cises restored normal lung mechanics and flow acceleration rate
through decreasing lung hyperinflation, and restoring normal lung
tissue elasticity and strength. Park and Han [92] examined the ef-
fect of aerobic exercises on the maximum-expiratory lung capacity
of older women. They found that 20-min of mild aerobic exercises
for 12 weeks improved alveoli function and increased lung elas-
ticity. Taskin et al. [93] studied the effect of aerobic exercises on the
strength of respiratory muscles in patients with ankylosing spon-
dylitis. They found that 40-min of mild aerobic exercises for 12-
weeks significantly increased the strength of respiratory muscles,
inspiratory muscle performance, and maximal exercise capacity
and diminished dyspnea perception.

The third mechanism includes the effect of aerobic exercises as
an antioxidant to limit free radical production and oxidative stress.
Free radicals, like reactive oxygen species (ROS), are produced
throughout the usual cellular function and are considered a part of
normal physiological processes of all living animals. Free radicals
have both beneficial and toxic effects. When levels of free radicals
incredibly increase and cannot gradually be handled, they accu-
mulate in the body creating a phenomenon called “oxidative stress”
[94]. Commonly, oxidative stress is considered the initial point for
the onset of several diseases, among them lung infections and
diseases [94,95]. Mild aerobic exercises can help in processing these
accumulated free radicals and prevent the initiation of lung in-
fections and diseases as pneumonia and ARDS.

Besides, increasing the aerobic capacity can increase lung and
body resistance to oxidative stress causing an elevation in the body
resistance to consequent oxidative encounters by increasing the
function of mitochondria and allowing better oxygenation to body
and lung tissues [94,96]. Toledo et al. [33] investigated the effect of
mild aerobic exercises performed for 24-weeks on the occurrence
of pulmonary diseases in mice. They measured ROS as an indicator
to the initiation of lung diseases. They found that mild aerobic
exercises decreased ROS amounts in the BAL fluid in mic, which is
important to prevent or decrease the progression of pneumonia
and ARDS. Cunha et al. [97] studied the effect of aerobic exercises
on the oxidative stress produced via an experimentally-induced
lung injury in rats. They found that 20-min of mild aerobic exer-
cises were able to inhibit the increase in reactive species, NF-кb/p65
immuno-content, and nitrite levels. They suggested that mild aer-
obic exercises may have a significant role as a protector against the
occurrence of acute lung injuries.

The fourth mechanism includes the effect of aerobic exercises in
decreasing cough in patients with COVID-19. Increasing the aerobic
capacity can decrease cough mainly through autonomic modula-
tion more than mucociliary clearance [39,40]. Borghi-Silva et al.
[40] examined the effect of 6-weeks of mild aerobic exercises on
autonomic modulation in patients with chronic obstructive pul-
monary disease (COPD). They found that aerobic exercises pro-
duced a decrease in respiratory rate and an increase in the tidal
volume during exercise and these changes decreased in the heart
rate [40,98]. Recently, Leite et al. [39] conducted a study to inves-
tigate the effect of 12-weeks of mild aerobic exercises on the
autonomic nervous system and cough in patients with COPD. They
found that mild aerobic exercises decreased cough and heart rate.
The effect of increasing the aerobic capacity on decreasing the heart
rate could be beneficial in decreasing dyspnea found in patients
with COVID-1940. Thus, mild aerobic exercises could produce more
significant effects on decreasing both cough and dyspnea,
commonly seen in patients with COVID-19, than breathing exer-
cises because they affect more the parasympathetic system causing
a central decrease in these two symptoms.
4. The effects of increasing the aerobic capacity as a
protective barrier against the occurrence of COVID-19

Increasing the aerobic capacity can significantly decrease
COVID-19 risk factors in short periods, sometimes this effect occurs
after one session only. This section focuses mainly on the imme-
diate and short-term effects of increasing the aerobic capacity on
COVID-19 risk factors because these risk factors can cause faster
spreading and progression rates [81]. The common risk factors of
COVID-19 include diabetes, hypertension, aging, and heart prob-
lems [42].

Diabetes Mellitus (DM) adversely affects many body systems
[99], including immunity [100] and pulmonary systems [101].
Increasing the aerobic capacity can produce an immediate reduc-
tion in blood glucose in types I and II DM. Bacchi et al. [43]
compared the acute effects of aerobic and resistance exercises on
glucose concentrations in subjects with type II DM. They found that
in contrast to resistance training, mild aerobic exercises decreased
glucose concentration throughout the session and for the next
whole night. Yardley et al. [44] compared the acute effects of aer-
obic and resistance exercises on glucose concentrations in subjects
with type-1 DM. They found that 45-min of mild aerobic exercises
decreased glucose concentrations more than resistance exercises,
however, this decrease quickly increased after the exercise.
Yokoyama et al. [45] investigated the short-term effects of aerobic
exercises on arterial stiffness in subjects with type II DM. They
found that 45-min of mild aerobic exercises performed for 3-weeks
significantly decreased arterial stiffness in both femoral and com-
mon carotid arteries, and this reduction was associated with an
enhancement in insulin resistance.

Increasing the aerobic capacity can produce an immediate sig-
nificant reduction in higher BP [102]. Charlotte et al. [103] exam-
ined the immediate effects of aerobic exercises on ambulatory BP
among female cleaners. They found that a single session of aerobic
exercises significantly decreased ambulatory BP up to 25 h post-
exercise. Ciolac et al. [104] investigated the acute effects of a sin-
gle session of aerobic exercises on BP in subjects with long-term-
treated hypertension. They found that a single session of aerobic
exercises significantly decreased ambulatory BP. Nascimento et al.
[105] studied the acute and chronic effects of aerobic exercises on
BP in subjects with resistant hypertension. They found that 8-
weeks of mild aerobic exercises significantly reduced BP. Guimar-
aes et al. [106] studied the effect of short-term heated water-based
training on systemic BP in resistant-hypertensive patients. They
found that 2-weeks of mild aerobic exercises significantly
decreased both systolic and diastolic BP and cardiovascular load
either after the exercise or during the following 24-h.

Aging significantly decreases the function of body systems,
subjecting these systems to malfunctions and diseases. Elderlies
with COVID-19 usually have higher death rates younger ones. Thus,
decreasing the effect of aging on body systems might help in
decreasing the high death rate. Cahapman et al. [46] investigated
the short-term effects of mild aerobic exercises on cardiovascular
fitness in elderlies. They found that 6-weeks of mild aerobic exer-
cises significantly increased both VO2 max and perceived exertion
rate. Francesco et al. [47] investigated the effect of mild aerobic
exercises on heart rate recovery in elderlies. They found that 8-
weeks of mild aerobic exercises significantly increased peak oxy-
gen uptake, ventilatory aerobic threshold, and heart rate recovery
and decreased the rate of increase in ventilation per unit of carbon
dioxide production (VE/VCO2slope), they suggested that mild aer-
obic exercises can produce autonomic modulation through
improving the vagal/sympathetic balance in older subjects. Durigon
et al. [37] found that 5-weeks of aerobic exercises protected older
mice from the occurrence of artificially-induced pneumonia.



Fig. 2. The effect of aerobic exercises on the respiratory system. Aerobic exercises improve respiratory system functions by acting as antibiotic and antimycotic prophylaxis, to
improve lung immunity, restoring normal lung tissue elasticity and increasing pulmonary muscles strength and endurance, acting as an antioxidant to limit free radical production
and oxidative damage, and decreasing cough through an autonomic modulation.
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Heart problems are usually associated with lung dysfunctions,
this increases the deterioration rate of lung disorders and dysfunc-
tions (heart-lung interaction) [107e109]. Increasing the aerobic ca-
pacity can produce short-term improvements in heart problems. The
short-term improvements in heart volumes and rates were dis-
cussed in the previous paragraph [37,46,47]. Other animal studies
have revealed that mild aerobic exercises produce significant im-
provements in heart functions. Tao et al. [48] examined the effect of
mild aerobic exercises on preventing acute myocardial infarction in
mice. They found that 3-weeks of mild aerobic exercises protected
mice from acute myocardial infarction through improving myocar-
dium energy metabolism and producing early adaptive alterations in
mitochondrial biogenesis. Wisløff et al. [49] investigated the short-
term effects of aerobic exercises on cardiomyocyte hypertrophy,
cardiac muscle contractility, and Ca2þ sensitivity in mice after
myocardial infarction. They found that 8-weeks of moderate aerobic
exercises decreased cardiomyocyte hypertrophy and increased both
cardiac contractility and Ca2þ sensitivity.
5. Conclusion

This review summarizes that increasing the aerobic capacity is
recommended because it has potential of improving immune and
respiratory functions which would help counter COVID-19. This can
decrease the morbidity and mortality rates of COVID-19. Also,
increasing the aerobic capacity of people in the lockdown period is
strongly recommended to decrease risk factors of COVID-19 and
improve the function of immunity and respiratory systems to allow
better body functions against COVID-19. Thus, the performance of a
routine of 10e30 min of mild to moderate aerobic exercises should
be followed by all people in the lockdown or patients with mild
pulmonary symptoms.
Role of authors
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