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ABSTRACT 
 

In March 11, 2020, the World Health Organization (WHO) characterized the rapid and 
uncontrollable spread of the new Coronavirus as a pandemic, given that this disease has high 
severity and morbidity and mortality. The epicenter of the SARS-CoV-2 outbreak was the city of 
Wuhan, China. Individuals with associated comorbidities, such as patients with chronic kidney 
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disease (CKD), are at increased risk of being affected by the severe form of the disease. In this 
sense, it is known that people with CKD have a more sedentary lifestyle, with reduced physical 
exercise. Thus, physical exercise is able to modulate the inflammatory process resulting from CKD, 
acting as a regulator of the immune system, as well as assisting in the control of renal autophagy. It 
appears that physical activity contributes to the improvement of the population's quality of life and 
acts as an effect of disease prevention. Hence, people who live with CKD in times of the pandemic 
of COVID-19, by adopting physical activity as a life practice, will have the consequence of 
strengthening the immune system by modulating inflammation and increasing the control of renal 
autophagy. Therefore, the practice of exercise is suggested when facing COVID-19. 
 

 
Keywords: Autophagy; chronic kidney disease; exercise; inflammation - SARS-CoV-2. 

 
1. INTRODUCTION 
 
A new outbreak of viral pneumonia was reported 
in Wuhan, capital of Hubei province, China, in 
December 2019. Named Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), coronavirus 2019 (COVID-19) was 
declared a global public health emergency on 
January 30, 2020 and a pandemic in March of 
the same year [1].  
 
The COVID-19 pandemic represents a major 
challenge to the global health system, as it 
presents high morbidity and mortality. In some 
people, COVID-19 manifests itself through acute 
respiratory distress syndrome (ARDS) and 
severe pneumonia. However, the most of the 
patients affected by the disease are 
asymptomatic or have mild symptoms, such as 
dry cough, fever, fatigue, dyspnoea and/or 
myalgia. Individuals with comorbidities, such as 
chronic kidney disease (CKD), cardiovascular 
disease (CVD), chronic liver disease, 
hypertension and diabetes, are at increased risk 
of being affected by the disease in its most 
severe form. Recent studies suggest that 
COVID-19 predisposes to adverse renal events, 
such as acute kidney injury (AKI) [2]. CKD is 
characterized by renal dysfunction associated 
with falls in the glomerular filtration rate (GFR), in 
the case less than 60mL/min/1.73m2, persisting 
for a period of at least three months or can be 
identified by an established histological damage. 
Renal impairment occurs through different 
factors, including hypertension, diabetes, drug 
use, smoking, genetic condition, obesity, among 
others. In 2017, the number of deaths from 
complications related to CKD was 1.2 million, 
corresponding to a percentage of 4.6% of deaths 
globally [3].  
 

In order for COVID-19 to evolve, SARS-CoV-2 
must interact with the host's immune system in 
order to influence the immune response against 

infection. Thus, factors such as age, physical 
status and nutritional status directly influence the 
development of COVID-19. Thus, physical 
activity, when performed regularly, improves the 
quality of life of the population. As for the 
immune system, physical exercise reduces the 
possibility of worsening of systemic inflammatory 
processes, in order to strengthen immune 
surveillance [1].  
 

In situations of renal impairment, one of the ways 
of providing therapies is the regulation of the 
inflammatory process, given that inflammation is 
the basis of kidney diseases. Autophagy consists 
of a system of cellular degradation in order to 
provide a picture of homeostasis, acting through 
self-degradation and the reconstruction of 
damaged organelles and proteins. CKD patients 
have impaired autophagic systems. Thus, regular 
physical activity contributes to the adaptation of 
the immune system and the autophagy process 
[4]. 
 

Therefore, this article aims to conduct an 
integrative literature review relating the role of 
physical exercise on the process of cellular 
autophagy in patients with kidney disease 
affected by COVID-19. To this end, the 
bibliographic study included knowledge about 
chronic kidney disease, autophagy, inflammation 
and the effects of physical exercise on the 
immune system in patients with CKD and 
therefore, proposed the understanding of the 
most recent information about the interaction 
between COVID-19 and its renal manifestations, 
also understanding its relationship with the 
physical conditions of individuals. 
 

2. RENAL PATHOPHYSIOLOGY 
 

The kidneys are fundamental organs for the 
maintenance of homeostasis of the human body. 
Thus, the progressive decrease in renal function 
results in the impairment of essentially all other 
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organs. Actual activity is proportional and 
assessed by glomerular filtration (GF) and its 
decrease is seen in CKD, which is defined as a 
pathological abnormality of the kidney, such as 
hematuria and/or proteinuria, or a reduction in 
GFR of < 60 mL/minute/1.73 m² for more than 3 
months [5]. 
 
Thus, CKD is defined by the injury to the renal 
parenchyma and/or by the renal functional 
decrease during a period equal to or greater than 
three months. The pathophysiology is complex 
and regardless of the method of kidney injury, 
this damage results in a sequence of events. 
Therefore, it is believed that there is an increase 
in intraglomerular pressure with glomerular 
hypertrophy, given that due to the loss of 
nephrons, the kidney uses this development to 
maintain constant glomerular filtration [5]. 
 
In addition, CKD is classified into five distinct 
stages based on the estimated glomerular 
filtration rate (eGFR) and when FG reaches very 
low values, less than 15mL/min/1.73m

2
, what we 

call bankruptcy is established injured renal 
function, often presenting as fractional flow 
reverse (FFR), that is, the most advanced stage 
of progressive functional loss observed in CKD. 
The new definition of CKD, in use since 2002, 
allowed the disease to stagnate regardless of its 
cause. From this new approach, it became 
evident that CKD is much more frequent than 
previously considered and its clinical evolution is 
associated with high rates of morbidity and 
mortality [5]. 
 

In the kidney injury scenario, there is an increase 
in glomerular permeability for macromolecules, 
namely: transforming growth factor beta (TGF 
beta), fatty acids, pro-inflammatory markers of 
oxidative stress and proteins. Thus, these 
molecules can generate toxicity to the mesangial 
matrix, causing expansion of the mesangial cell, 
inflammation, fibrosis and glomerular scarring, 
which makes the nephrons less active. 
Furthermore, this cellular damage positively fuels 
this cycle, since it increases the production of 
angiotensin II, which activates the regulation of 
TGF beta and contributes to collagen synthesis 
and renal healing within the glomerulus [6]. 
 

Therefore, the concomitant structural, molecular, 
cellular and biochemical changes appear to be 
responsible for progressive renal scarring and 
loss of renal function. All forms of CKD are 
associated with tubulointerstitial disease, 
although the mechanism of the injury is not 

known, it is believed to be secondary to a 
reduction in blood supply, in addition to an 
infiltration of lymphocytes and inflammatory 
mediators, which result in fibrosis. interstitial and 
tubular atrophy [6]. 
 

3. COVID-19 AND CKD 
 
Direct infection with SARS-CoV-2 occurs through 
an angiotensin-converting enzyme 2 (ECA2) that 
acts as a receptor, therefore, any organ that has 
the ECA2 gene can become a target of the virus. 
From this perspective, studies have shown that 
renal tissue has a higher expression of this gene 
than lung tissue, increasing the affinity of SARS-
CoV-2 by the kidneys by 10 to 20 times [7]. 
Confirming the direct cytotoxic effect on renal 
epithelial cells, studies have found, through 
immunohistochemistry and in situ hybridization, 
fragments of the SARS-CoV-2 positive 
ribonucleic acid polymerase (RNA) gene in renal 
specimens of patients who died of SARS. It is 
known that ACE2 is expressed in different renal 
cells, namely: mesangial cells, podocytes, 
Bowman's capsule parietal epithelium, collecting 
ducts and cells of the proximal contorted tubule. 
The potential direct lesion of the virus was 
demonstrated by Diao et al. [8] at the necropsy of 
six patients, who presented the SARS-CoV-2 
nucleocapsid protein (NP) in the renal tubule 
[8].Thus, it can be understood that patients with 
kidney disease, currently 850 million people 
worldwide, are more likely to develop 
complications in the context of the COVID-19 
pandemic. Furthermore, considering that CKD 
causes at least 2.4 million deaths per year and 
that its mortality rate is increasing, it is necessary 
to understand how the mechanism of the 
pathophysiology of CKD can be amplified by viral 
infection [9]. 
 

The involvement of patients with CKD can occur 
in different ways, resulting in a worsening of the 
clinical picture; in the development of other 
pathologies and in increasing levels of mortality. 
Thus, renal dysfunction may occur due to the 
direct involvement of the virus and the replication 
of SARS-CoV-2 in the renal tissue; local change 
in homeostasis of the renin-angiotensin-
aldosterone system (RASA) and by increasing 
the inflammatory process, by adding the low-
grade inflammation of CKD and developing a 
systemic inflammatory response triggered by the 
“cytokine storm” [8,10,11]. 
 

Defined as a condition with reduced kidney 
function, CKD has a GFR threshold <60ml·min-
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1·1,73m2 or presence of kidney damage for more 
than three months, configuring a catabolic state 
related to protein loss and several disorders 
resulting from uremia, as well as reduced muscle 
synthesis in the uremic environment. Therefore, 
its progression is responsible for increasing 
mortality and resulting in end-stage renal disease 
(DRET), which depends on dialysis or 
transplantation as therapy [12]. 
 

Renal microcirculation occurs through a unique 
network responsible for controlling the 
corticomedullary osmotic gradient in order to 
promote the reabsorption of molecules and 
fluids, as well as excretion of urine at the ideal 
concentration. Thus, increased levels of pro-
inflammatory cytokines activate endothelial cells 
and leukocytes, inducing overexpression of pro-
inflammatory factors, reactive oxygen species 
(ROS), bioactive lipids and adhesion molecules 
at the site, resulting in the disruption of the 
glycocalyx, which has an endothelial barrier 
function, activation of the coagulation system and 
vasoreactivity [13,14]. 
 

Therefore, intra-renal or systemic inflammation 
triggers a deregulation of the microvascular 
response to its regulators, resulting in the 
production of tubular toxins and tubular injury, as 
well as a decrease in the number of nephrons 
and onset of CKD. Thereby, it is clear that in 
CKD, oxidative stress and inflammation are 
closely associated and related to the progression 
and worsening of CKD. In addition, there is a 
dysregulation of the immune system which, 
added to the renal expression of the ECA2 
receptor, may explain the vulnerability of patients 
with CKD to COVID-19, as well as the propensity 
to develop critical cases [15]. Furthermore, in the 
cytokine storm, inflammatory exacerbation and 
damage to the immune system in healthy tissue 
occurs [16]. This attack is due to the activation of 
CD8+ and CD56+ (natural killer) T cells, given 
that the differentiation cluster 68 (CD68+) and 
macrophage infiltration in the tubules and 
interstitial tissue and acute tubular necrosis 
(NTA) severe, was revealed by post-mortem 
analysis of patients infected with SARS-CoV-2 
[8,17]. In this way, this inflammation is able to 
modify, as well as interfere, in the regulation of 
intrarenal microcirculation and in the distribution 
of perfusion, contributing to kidney injury and 
potentiating the progression of CKD [18]. 
 
In a cohort study, the combined prevalence of 
pre-existing CKD and DRET was found to be 

5.2% (2.8-8.1) and 2.3% (1.8-2.8) [2]. Thus, it is 
known that the incidence of patients with known 
CKD ranged from 0.7-47.6%, depending on the 
series described. Another aggravation is an 
increase in mortality, as well as a higher 
incidence of acute renal failure (ARI) in these 
patients, since CKD is an independent risk factor 
for ARI [19-22]. In addition, proteinuria and 
hematuria have been observed in patients with 
COVID-19, demonstrating a cytotropic effect of 
the virus on podocytes, given that protein 
concentrations in the urine may result from direct 
podocyte damage to an expression of ECA2 
[16,21,23]. Thereby, it is understood that renal 
manifestations due to SARS-CoV-2 infection are 
associated with an increased risk of severe 
COVID-19 and fatal outcomes and it has been 
reported that, in patients with CKD, there is a 
rate of 83.93% severity of COVID-19, in addition 
to a mortality of 53.33% [21,24]. 

 
Systemic inflammation has also been associated 
with renal neoplasms, especially in terms of 
prognosis, being also a promoter of cell 
transformation and metastasis and, considering 
that the PI3K-AKT-mTOR signaling pathways 
mediate mechanisms of the pathogenesis of 
carcinoma, this autophagic pathway can be 
related to a possible prevention of kidney 
diseases. Finally, considering that inflammation, 
malnutrition and loss of protein energy are 
important contributors to mortality in patients with 
CKD, exercise can be proposed to reduce this 
inflammatory process (Fig. 1) [25-28]. 

 
CKD patients, when infected with SARS-CoV-2, 
may suffer direct infection by the virus in the 
kidney, since this organ has ECA2 receptors in 
the proximal contorted tubule, the collecting 
tubule and the nephron (podocytes, mesangial 
cells and the capsule parietal epithelium) as well 
as Bowman's capsule. However, there is also 
renal impairment due to the increased 
inflammation caused by the “cytokine storm” and 
a change in homeostasis due to changes in the 
aldosterone-renin-angiotensin system. Thus, the 
kidney with CKD that already presents lesions, 
suffers from an intrarenal inflammation that 
activates leukocytes (macrophages, monocytes, 
eosinophils, basophils and neutrophils) and the 
endothelial cells of the parietal epithelium. This 
activation raises the levels of proinflammatory 
cytokines, bioactive lipids and ROS, triggering 
lesions in the renal barriers that result in lesions 
in the nephrons and tubules. 
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Fig. 1.  SARS-CoV-2 performance in CKD patients 
Source: The authors, 2020 

 

4. INFLAMMATION AND AUTOPHAGY IN 
CKD 

 
CKD is characterized by a local inflammatory 
process, a fact that can be accentuated in cases 
of infection by Sars-Cov-2, the causative agent of 
COVID-19 [29,30]. Thus, in this condition, an 
increase in the infiltration of M1 macrophages, 
responsible for pro-inflammatory conditions, in 
addition to the infiltration of mast cells and 
leukocytes in the renal interstitium, can occur, 
which may contribute to a respiratory burst due 
to a greater oxygen uptake and thus, lead to a 
greater accumulation of oxygen free radicals, in 
addition to the release of pro-inflammatory 
cytokines. This inflammatory condition can be 
divided in a chronic and acute phase, these high 
concentrations of pro-inflammatory cytokines are 
found in the chronic condition of inflammation, 
both locally and systemically, namely Interleukin-
1 (IL-1), Interleukin-6 (IL-6 ) and Tumor Necrosis 
Factor Alpha (TNF-alpha), the part of the 
inflammatory condition previously mentioned, 
with the infiltration of macrophages and 
leukocytes in the local tissue, as a constituent of 
the acute condition of inflammation, thus, each 
inflammatory stage history to be analyzed for 
study or interventions should consider the 
inflammatory phase in which it is [31,32]. In 
addition, CKD can also affect the cell's 
autophagic function, responsible for cell 
recycling, which involves processes of 
reconstruction and self-degradation of defective 

proteins and organelles [29]. It should also be 
noted that the renal tubules, which have several 
mitochondria, due to their high energy demand, 
need autophagy to maintain these organelles in 
their normal functioning, however, studies 
suggest an increase in formation of the 
autophagosome and the expression of proteins 
related to autophagy in CKD, that is, an increase 
in the autophagic process [24,33]. 
 

With this increase in the autophagic process, that 
is, this imbalance, there may be a reduction in 
the elimination of damaged mitochondria and 
consequently, a malfunction thereof, which may 
trigger an increase in the release of ROS. 
Furthermore, it is important to note that this 
increase in ROS leads to an even greater 
increase in the inflammatory response [29,33]. 
These factors combined, trigger a worsening of 
the inflammatory condition previously mentioned, 
further complicating the condition. As if the 
aforementioned relationships were not enough, 
the increases in ROS are also capable of 
exerting a modulatory effect on autophagy, this is 
in a negative way, that is, inhibiting the 
PI3K/AKT/mTOR pathway, which has the ability 
to inhibit autophagy, therefore, this generates an 
even greater increase in autophagy that was 
already exacerbated [34,35]. The autophagic 
process consists of several molecules that 
interact with each other so that autophagy can be 
performed with precision, namely: AMP-activated 
Protein Kinase (AMPK) is the target of rapamycin 
in mammals (mTOR), which has a very important 
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role important as part of the phosphoinositide 3-
kinase (PI3K)/serine/threonine kinase 
(AKT)/mTOR or “PI3K/AKT/mTOR” pathway, a 
vital pathway for cell growth, proliferation, 
differentiation, survival, motility, metabolism and 
autophagy [34]. AMPK acts as an autophagy-
promoting molecule, this is due to its positive 
regulatory power in UNC-51, similar to ULK1 
kinase, one of the key molecules to form the 
autophagosome. In this sense, the 
PI3K/AKT/mTOR pathway also has regulatory 
power over ULK1, but in this case, with a 
negative effec [34-38]. In other words, ULK1 is a 
vital molecule to promote autophagy and is 
stimulated by AMPK and inhibited by the 
PI3K/AKT/mTOR pathway. In addition, it is worth 
mentioning that AMPK has a regulatory effect on 
the PI3K/Akt/mTOR pathway, that is, these 
pathways and molecules are closely related to 
this control and act directly on autophagy [34,38]. 
Thus, it can be concluded that both the 
inflammatory process and the autophagic 
process interact with each other and are points 
that are significantly affected in CKD. Therefore, 
these routes must be considered in this 
approach, mainly so that an adequate 
intervention can be proposed. 
 

One of the factors that regulate the inflammatory 
and autophagic process is exercise, which has 
been studied as a form of non-drug treatment for 
various diseases, acting in the reduction of 
cardiovascular risk, in the regulation of blood 
pressure, in increasing insulin sensitivity, in 
improving cachexia, in regulating pressure 
arterial, in controlling anxiety, in reducing 
inflammation - including by stimulating M2 
macrophages, in the control of non-alcoholic fatty 
liver disease, in the control of type 2 diabetes 
mellitus in addition to acting in the neurological 
function. In this sense, physical exercise has also 
been proposed as an alternative/complementary 
treatment for CKD. Thus, exercise can act in 
several ways: in controlling inflammation and in 
controlling autophagy [37,39-46]. In this way, 
physical exercise has also been proposed as an 
alternative/complementary treatment in cases of 
CKD, for example by modulating the 
inflammatory and autophagic processes. 
Regarding the inflammatory process, exercise 
has been shown to be efficient in promoting the 
release of IL-6 by the skeletal muscle (myocin), 
which promotes the release of IL-10, the main 
cytokine with anti-inflammatory function, 
especially during exercise resisted/moderate 
[47]. In addition, both aerobic and anaerobic 
exercise are able to promote a reduction in 

inflammation by activating AMPK and mTOR 
respectively, both molecules capable of 
promoting the conversion of M1 (inflammatory) 
macrophages to M2 (anti-inflammatory) [31,36]. 
 

Regarding the autophagic process, physical 
activity is able to act in different ways depending 
on the type of exercise. Aerobic exercises 
stimulate autophagy already resisted anaerobic 
exercises, trigger the inhibition of autophagy, 
thus taking into account in view of this marked 
autophagic activation the most appropriate in this 
context is to establish moderate resistance 
training for this patient with CKD and SARS-CoV-
2 infection. But in any case, it is important to 
point out how each type of exercise contributes 
differently to the autophagic process, since ROS 
are able to relate to these molecules and 
modulate the process [24,48,49]. In aerobic 
exercise, the increase in adenosine 
monophosphate (AMP) and adenosine 
diphosphate (ADP) activates AMPK which in turn 
instead, it acts by inhibiting the PI3K/AKT/mTOR 
pathway, in addition to activating the ULK1 
complex, thus stimulating autophagy [34,37,50]. 
In the resistance exercise, there is an increase in 
the Growth Factor similar to insulin-1 (IGF-1), 
this is recognized by the IGF-1 receptors (IGF-
1R ) and activate PI3K, thus, the product of this 
reaction is phosphatidylinositol-3,4,5-
triphosphate (PI3P), which acts as a second 
messenger that recruit AKT, this in turn activates 
mTOR, completing the sequence of the 
PI3K/AKT/mTOR pathway, which, in turn, as 
previously mentioned, manages to inhibit ULK1 
and therefore, can inhibit also autophagy (Fig. 2) 
[34,51,52]. 
 

The example of treadmill aerobic exercise 
consumes many nutrients and energy cells, 
mainly ATP, when it is used it releases 
adenosine monophosphate (AMP) that activates 
AMPK, which in turn inhibits the PI3K/Akt/mTOR 
pathway and activates the ULK1 complex, 
stimulating autophagy. In the patient in the image 
above, a resistance exercise is represented - a 
merely illustrative extension chair -, in this 
picture, the resistance exercise activates IA-PI3K 
by growth factors, mainly with IGF-1, which is 
recognized by IGF-1R, this, for its instead, it 
activates Akt via PI3P, then Akt activates mTOR 
which inhibit the ULK1 complex and therefore 
autophagy. In addition, an anti-inflammatory 
action of exercise can also be perceived by 
promoting the release of IL-6, which stimulates 
the release of IL-10, widely known for its anti-
inflammatory power. 
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Fig. 2. Representation of the influence of aerobic exercise and resistance in the autophagic 
pathways and its result in the autophagosome 

Source: The authors, 2020. 
AMP: adenosine monophosphate; ATP: adenosine triphosphate; AMPK: AMP-activated protein kinase; PI3K: 

Phosphoinositide 3-kinase; Akt or PKB: protein kinase B; mTOR: mammalian target of rapamycin; ULK1: 
Autophagy activation kinase 1 similar to Unc-51; BCL1: beclin 1; PI3K: Phosphoinositide 3-kinase; IA-PI3K: Class 

A 3-kinase phosphoinositide; P: phosphate; IGF-1: insulin-like growth factor 1; IGF-1R: Receptor for insulin-like 
growth factor 1; PI3P: Phosphatidylinositol-3-phosphate; IL-6: Interleukin 6; IL-10: Interleukin 10 

 

5. THERAPEUTIC POTENTIAL OF 
EXERCISE IN CKD AND COVID-19 

 
Individuals, affected with CKD have less physical 
function, as well as impaired physical 
performance, thus contributing to a situation of 
high motor disability, fragility and consequently, 
increased risk of mortality. Thus, the regular 
practice of physical exercises contributes to 
improvements in motor functions, in order to 
improve the efficiency of the mitochondrial 
oxidative metabolism of the muscle, as well as 
improvements in the immune system, promoting 
a framework of reduction of systemic 
inflammation [53]. 
 
Physical exercise, especially for the population 
with renal impairment, is essential, since it acts 
to improve sarcopenia, physical performance, 
quality of life, physical function and immunity. 
The exercise in question does not refer to 
running marathons, but simple walks are enough 
to achieve the benefits mentioned. Studies have 
shown that walking regularly has reduced the 
number of hospitalizations in patients with CKD. 

It is important to note that there are physiological 
limitations of individuals with CKD regarding the 
performance of physical activities, since these 
people generally have associated comorbidities. 
According to the National Kidney Disease 
Outcomes Quality Initiative (KDOQI), patients 
with CKD should be evaluated according to their 
particularities [53]. Therefore, the 
recommendations regarding the exercises are: 
aerobic exercises (walking, swimming and 
cycling) should be performed at moderate 
intensity, two to three times a week; resistance 
exercises (multiarticular) should also be 
performed at moderate intensity and twice a 
week; flexibility exercises (combination of aerobic 
and resistance exercises) should be performed 
at low intensity with a frequency of five times a 
week, ten minutes a day [53].  
 
Regarding the immune system, it is important to 
consider the inflammatory condition of patients 
with CKD. The inflammatory process is 
responsible for causing damage to the renal 
tubules, thus compromising renal function. Thus, 
inflammation provides an inflammatory response 
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that, in turn, can progress to renal fibrosis [33]. 
Hence, physical exercise acts in modulating the 
immune system, in order to strengthen “immune 
surveillance”, since it promotes an increase in 
the circulation of anti-inflammatory cytokines and 
immunoglobulins. The exercise acts on 
cytokines, neutrophils, leukocytes, antigen 
presenting cells and lymphocytes. With regard to 
cytokines, exercise is able to promote the 
release of interleukin-6 (IL-6), responsible for 
stimulating the synthesis of IL-1 and IL-10, which 
have anti-inflammatory action. Regarding 
neutrophils, it appears that, after exercise, there 
is a reduction in neutrophil chemotaxis without 
compromising bactericidal activity. Regarding 
leukocytes, leukocytosis is observed after 
physical exercise. Antigen-presenting cells 
reduce the presentation of antigens to T-
lymphocytes, thereby decreasing the Th-1 
inflammatory response, thereby preventing tissue 
damage. Finally, during moderate exercise, an 
increase in TCD4+ lymphocytes occurs, 
contributing to the prevention of infections by 
intracellular microorganisms [1]. In addition, 
macrophages and dendritic cells act as antigen 
presenting cells for lymphocytes through a major 
histocompatibility complex, in order to provide an 
environment of cytokines, which will act as 
activators of the immune system. Lymphocytes 
play a fundamental role against viral 
microorganisms, since TCD8 + lymphocytes are 
responsible for direct toxicity to cells infected by 
the virus. In line, TCD4 + lymphocytes stimulate 
the production of neutralizing antibodies through 
the activation of B lymphocytes. In addition, there 
is a recruitment process for neutrophils and 
monocytes in order to promote other ways of 
amplifying the immune response. This process 
occurs through the action of auxiliary T 
lymphocytes, especially Th-1 [54,55]. 
 
Recently, evidence has emerged that directly 
links autophagy with CKD, elucidating its 
essential role in this disease. Its action on 
healthy kidneys has great amplitude, being able 
to regulate the production of extracellular matrix 
and also act as a protective factor against 
necrosis and apoptosis during situations of 
cellular stress in mesangial cells thus avoiding 
necrosis and suppression of the foot processes 
through the mTOR pathway, with autophagy 
being the protagonist in maintaining renal 
function. Furthermore, autophagy acts in 
maintaining homeostasis in renal endothelial 
cells and also in combating toxic agents, proteins 
and damaged DNAs [29,56-60]. However, 
autophagy has a negative effect on CKD, as it is 

above the normal rate in skeletal muscle, 
causing loss of lean mass and mitochondrial 
dysfunction of muscle cells. It has also been 
shown that inhibition of autophagy reduces the 
loss of skeletal muscle cells, making it essential 
to know the ways in which physical exercise can 
modulate autophagy in patients with CKD [61]. 
Thus, anaerobic exercise promotes activation via 
mTOR and consequently, decreases autophagy, 
since the promotion of the PI3K/AKT/mTOR 
pathway inhibits ULK1. Consequently, regular 
physical exercise is able to reduce the 
expression of lC3, which is a marker of 
autophagosome formation and consequently, 
mitigate excessive autophagy, reducing the loss 
of skeletal muscle tissue, showing the 
importance of this mechanism [34,51]. 
 
Although information about the role of physical 
exercise in modulating autophagy often seems 
contradictory, studies have led to believe in the 
ability to maintain a dynamic balance promoted 
by physical exercise. This is because in 
individuals affected by CKD where autophagy 
was elevated, aerobic exercise reduced 
autophagic expression, while in a normal 
situation, exercise could increase it [34,48]. 
 
6. CONCLUSION 
 
The COVID-19 pandemic due to SARS-CoV-2 
was responsible for compromising society, both 
in economic aspects and in relation to health and 
quality of life. Although the virus mainly affects 
the respiratory tissue, it is known that there are 
deleterious impacts on other organs and tissues. 
Individuals with associated comorbidities, 
including CKD, are more likely to develop the 
severe form of the disease. Thus, the regular 
practice of physical exercise is presented as a 
measure to assist in coping with COVID-19, 
since it provides major physiological changes 
that benefit the body.  
 
Physical exercise is responsible for modulating 
the immune response, in order to enhance the 
organic defense mechanism by increasing the 
circulation of anti-inflammatory cytokines and 
immunoglobulins and consequently, increasing 
the body's anti-pathogenic activity. In addition, 
physical activity is also capable of modulating the 
autophagy process in chronic renal patients, 
given that autophagy has a renal protection 
effect against inflammatory stress resulting from 
CKD. Thus, physically active individuals, 
including the elderly and people with chronic 
diseases, are more likely to have a mild 
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progression in relation to viral infections, 
including COVID-19. 
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