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A B S T R A C T   

The Coronavirus Disease 2019 (COVID-19) pandemic has shocked world health authorities generating a global 
health crisis. The present study aimed to analyze the different factors associated with physical activity that could 
have an impact in the COVID-19, providing a practical recommendation based on actual scientific knowledge. 
We conducted a consensus critical review using primary sources, scientific articles, and secondary bibliographic 
indexes, databases, and web pages. The method was a narrative literature review of the available literature 
regarding physical activity and physical activity related factors during the COVID-19 pandemic. The main online 
database used in the present research were PubMed, SciELO, and Google Scholar. COVID-19 has negatively 
influenced motor behavior, levels of regular exercise practice, eating and nutritional patterns, and the psycho-
logical status of citizens. These factors feed into each other, worsening COVID-19 symptoms, the risk of death 
from SARS-CoV-2, and the symptoms and effectiveness of the vaccine. The characteristics and symptoms related 
with the actual COVID-19 pandemic made the physical activity interventions a valuable prevention and treat-
ment factor. Physical activity improves body composition, the cardiorespiratory, metabolic, and mental health of 
patients and enhancing antibody responses in vaccination.   

1. Introduction 

Originated in Wuhan (Hubei, China) on December 31, 2019, an 
unknown appearance of 27 cases of pneumonia of unknown etiology has 
led to a global viral pandemic (SARS-CoV-2) [1]. Its exponential and 
global increase in the rate of infections and the first deaths was the 
trigger for the World Health Organization (WHO) to declare the begin-
ning of a pandemic, starting on March 11, 2020, affecting worldwide 
with more than 110 million confirmed cases and more than 2.5 million 
deaths [2] on its peak. As of June 2021, this epidemiological crisis 
continues with about 172 million accumulated cases, 3.69 million 
deaths while 2.020 million vaccines have been administrated, 443 

million have been immunized, being this the 5.7% of the worldwide 
population [3]. The upcoming years will be marked in history as the era 
of COVID-19, which public health and socioeconomic scenario have 
produced behavioral changes that have affected mental and general 
health especially among those who have suffered from COVID19. 

There are growing issues that the lockdown and the COVID-19 re-
strictions have placed limitations on opportunities for people to be 
physically active [4]. And yet, it is grounded that active work, modifi-
able conduct, is defensive against non-transmittable infections [5] and 
that decreased degrees of physical activity (PA) might have a negative 
impact on the management of chronic health issues as well as metabolic, 
pulmonary, and medical specialty conditions [6]. 
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The exchange between protection from COVID-19 and accumulated 
risk of inactivity presents already vulnerable populations with a possible 
“no-win” situation; for example, wherever the consequence of protec-
tion from effort SARS-CoV-2 infection is accumulated inactivity and 
associated downstream health impacts [7]. Yet, in the long term, mod-
ifications in terms of physical activity may have consequences in the 
increase of the population sensitive to suffering severe complications 
from COVID-19 in subsequent epidemic waves. Interestingly, a recent 
study attributes that physical inactivity is one of the lifestyle-related risk 
issues for severe COVID-19 requiring hospital admission [8]. Indeed, the 
authors conclude that a baseline sedentary lifestyle increases the mor-
tality of hospitalized patients with COVID-19. 

However, the different elements related to physical activity are 
multifactorial, and several factors influence the protective effect of PA. 
Then in the present study, the main finding in physical activity and sport 
sciences associated with COVID-19 in the literature are discussed. For 
this aim, we conducted the present consensus critical review with the 
objective of to analyze the different factors associated with physical 
activity that could have an impact in the COVID-19, providing a prac-
tical recommendation based on actual scientific knowledge. 

2. Search methods and strategies for research identification 

The protocol used consisted of a literature search using primary 
sources, like scientific manuscript, and secondary like bibliographic 
indexes, databases, and web pages. We used PubMed, SciELO, Embase, 
Science Direct Scopus, and Web of Science employing MeSH-compliant 
keywords including COVID-19, Coronavirus 2019, SARS-CoV-2, 2019- 
nCoV, behaivour, inactivity, obesity, cardiorespiratory fitness, meta-
bolic health, mitochondrial fitness, mental health, physical condition, 
and physical activity. We used articles published from 1 January 2020 
till 5 October 2021, although previous studies were included to explain 
some information in several points of the review. The following exclu-
sion criteria were used: i. studies with old data out of the COVID-19, ii. 
present inappropriate topics, being not pertinent to the main focus of the 
review, iii. PhD dissertations, abstracts, conference proceedings, un-
published studies and books. We included all the articles that met the 
scientific methodological standards and had implications with any of the 
subsections in which this review article is distributed. The information 
treatment was performed by all the authors of the review. Finally, ar-
ticles were discussed by the authors to write the present review. 

3. Behavioral changes and consequences of the COVID-19 
pandemic 

Without a doubt, one of the main consequences of the pandemic has 
been a strong modification of the habits, attitudes, and behaviors of 
population. COVID-19 has negatively influenced motor behavior, levels 
of regular exercise practice, eating and nutritional patterns, and even the 
educational process of students at all age stages worldwide. 

From a pedagogical and educational point of view, authors suggest 
the need to transform educational methodologies and pedagogies to-
wards the use of online teaching, through videos, using emerging 
pedagogical models such as the “flipped classroom”, involving families 
in the production of learning resources and training of teachers in digital 
didactic resources [9–11]. 

At nutritional level, severe COVID-19, like other critical illnesses, 
results in catabolic muscle wasting, feeding difficulties, and frailty, each 
of which is associated with an increased likelihood of poor outcome 
[12]. Authors state that as a consequence of prolonged immobilization 
in SARS-CoV-2 respiratory syndrome, a reduction in muscle functions 
leading to sarcopenia could be provoked [13]. This sarcopenia is asso-
ciated with an increased risk of malnutrition, disability, and, in general, 
a worsening of quality of life. Indeed, recovered SARS-CoV-2 patients, 
continued to experience poor quality of life months after the infection, 
consequent with significant nutritional deficits, even at 6 months post 

medical discharge [14]. Yet, nutrition appears to be a determining factor 
for health maintaining and recovery, so nutritional support is para-
mount alongside rehabilitation to improve the chances of recovery for 
COVID-19 patients [13]. 

Regarding the levels of physical exercise and physical-sports prac-
tice, numerous studies have examined how it has affected by the 
confinement measures [15], the post-COVID physical sequelae [16], the 
emotional effects [17], as well as the motivation towards sports practice 
in practitioners to maintain and/or improve their health [18] and in 
high-performance athletes [19]. The reduction of mobility, the re-
strictions on outdoor activities, due to the decrees of the state of alarm, 
in more than a third of the world’s population, has led to a reorgani-
zation of the way of doing physical exercise at home or in green areas 
nearby [20] and has affected the practice of physical exercise regularly 
[21]. Authors propose that exercise at home using several safe, simple, 
and easy-to-implement exercises is well suited to avoid “aerial corona-
viruses” and maintain physical fitness levels. Such forms of exercise may 
include, but are not limited to, strengthening exercises, activities for 
balance and control, stretching exercises, or a combination thereof (eg: 
walking around the house and going to the store if necessary, lift and 
carry the groceries, do "lunges" with the legs, climb stairs, do squats, 
exercises to strengthen the abdominal muscles, arm dips, etc.). In this 
sense, review studies [22] focus on providing data and providing an-
swers to the return to aerobic-type physical exercise as a potential tool to 
minimize the practical restriction of blood flow (due to sedentary life-
style physical and mobility reduction), as well as no-load resistance 
training such as proposing possible resistance exercise strategies that 
could be performed during the current COVID-19 pandemic. 

Regarding the mental health of the population, scientific evidence 
shows different psychological behaviors and emotional consequences 
[23]. One of the factors that have most influenced the psychological and 
emotional health of the population is the restrictions on the enjoyment 
and habitual use of the outdoor space. Time spent outdoors is associated 
with positive mental health. In this sense, the study carried out by 
Cindrich et al. (2021) [22] analyzed the impact of COVID-19 acute 
public health restrictions on time outdoors in April 2020, and quantified 
the association between time outdoors, stress, positive mental health, 
using secondary analyzes of cross-sectional data from the COVID study 
and well-being. Varga et al. (2020) [23] indicate that younger in-
dividuals and people with a history of mental illness experienced higher 
levels of loneliness compared to other subgroups during the first four 
months of social closures related to the COVID-19 pandemic. The study 
by Pirkis et al. (2021) [24] emphasizes the importance of monitoring the 
profound consequences of the pandemic on mental health for the pre-
vention of autolytic behaviors. It appears that, in high-income and 
upper-middle-income countries, the number of suicides has remained 
practically unchanged or has decreased in the first months of the 
pandemic compared to the levels expected according to the 
pre-pandemic period. 

It is worth highlighting the importance of future research integrating 
and analyzing information along multiple axes (for example, clinical and 
socioeconomic axes, resource deficits, and external stressors) to avoid 
imprecise contextualization [27] and offer operational solutions to the 
psychological, emotional, and maintenance of healthy lifestyle conse-
quences that have been diminished in the world population by 
SARS-CoV-2 [25,26] 

4. Inactivity, obesity and COVID 19 

Physical inactivity has been defined as "doing no or little PA at work, 
at home, for transport or in discretionary time" [28]. With regards to the 
relationship between PA and COVID-19, it has been shown that Brazilian 
adults who had symptoms of this virus had a low level of PA, whereas 
those who showed no symptoms had light-to-moderate levels of PA [29]. 
During the lockdown, PA decreased compared to a normal week and this 
decrease was larger in men than in women [30]. Interestingly, PA 
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decreased when the lockdown started and gradually increased during 
lockdown without reaching levels of a normal week [31]. Considering 
the specific domains of PA, daily occupational, transportation, and 
sporting activities decreased in lockdown, whereas leisure-time activ-
ities increased in Greek adults [32]. During the lockdown, physical ac-
tivities such as jogging and sports decrease, whereas watching TV, using 
electronics, and social media increase [33]. In a study of nine European 
countries, physical inactivity and time in front of a screen increased, 
whereas walking and sports time decreased [34]. In addition to the 
general population, a similar trend was observed in chess players [35, 
36] and patients with automatic implantable cardioverter-defibrillators 
for primary prevention of sudden death [37]. Considering PA as a 
spectrum ranging from physical inactivity to high PA, the above-
mentioned studies highlighted a decrease in PA during the lockdown. 

Physical inactivity influences all aspects of human function including 
neuromuscular, cardiorespiratory, and metabolic systems [38]. Physical 
inactivity is associated with positive energy balance, fat deposition, and 
low-grade systemic inflammation [38]. This positive energy balance 
might further increase considering overeating during home confinement 
[39]. The increased caloric intake and reduced PA energy expenditure 
induced weight gain during lockdown [40]. During a seven-week lock-
down, obese adults reported weight gain 1.6 kg with those with regular 
exercise presenting lower weight gain [41]. Weight gains were attrib-
uted partially to meal size, unhealthy food consumption, and screen time 
[34]. With regards to caloric intake, it has been suggested that 
lockdown-related frustration links with several psychological problems 
including depression, which, in turn, push people to consume high sugar 
foods increasing the risk for obesity [42] (Mediouni, Madiouni, & 
Kaczor-Urbanowicz, 2020). With regards to childhood obesity, 
decreased PA has been identified as a risk factor combined with other 
biological, psychosocial, and behavioral aspects [43]. In a study of 
Sicilian adults, overweight showed lower PA than normal-weight adults 
[30]. Individuals with the highest decrease in PA reported lower phys-
ical and mental health, while those with the highest increase in PA re-
ported a significantly higher increase in sleep and lower weight gain 
[44]. Adolescents who did less PA were more likely to be overweight or 
obese and less likely to have strong prior PA habits [45]. With regards to 
the methodological approaches of the relevant studies presented in this 
section, it should be highlighted that they relied mostly on online 
questionnaires to evaluate PA levels [30, 32, 46] and less accelerometer 
[37] and count of steps [31]. 

5. Physical activity and COVID-19 

Subjects with chronic diseases such as hypertension, diabetes, 
obesity, and systemic diseases as heart, pulmonary, renal, liver, vas 
sickness, or medical specialty pathologies, have shown a poorer prog-
nosis with coronavirus infection [47–49]. Yet, within an effective 
treatment and with only 5.7% of the worldwide population [3] vacci-
nated, the management of those pathologies is crucial to cut back 
COVID-19 mortality. In this line, physical exercise has been postulated 
as the true “polypill” for all increased-risk- mortality causes [50]. Large 
observational studies also suggest that exercise itself can reduce the risk 
of all-cause and disease-specific mortality [51, 52]. Indeed, a baseline 
sedentary lifestyle is an independent risk factor for mortality in hospi-
talized patients with COVID-19 [52]. Yet, restrictions and public health 
recommendations such as stay-at-home orders, closures of parks, gym-
nasiums, and fitness centers to prevent the spread of the virus have had 
an impact, reducing daily physical activity (PA) [53]. These recom-
mendations are unfortunate because daily PA has a strong impact 
boosting the immune system response, counteracting with most of the 
chronic diseases that increase the COVID-19 fatality risk. 

Evidence suggests that the main reason why chronic diseases pre-
dispose to worst COVID-19 prognosis and symptomatology is that they 
are linked with a pro-inflammatory state and an imbalance between the 
pro-inflammatory angiotensin-converting enzyme-1 (ACE1) and anti- 

inflammatory ACE2 axes [54]. In this line, current studies show how 
PA could reverse this pro-inflammatory link, although it would not 
attenuate the risk of getting infected with SARS-CoV-2, it would reduce 
one’s risk of getting severe symptomatology [55]. Furthermore, the 
quarantine and pandemic are leading to an increase of psychological 
disorders like fear, anxiety, post-traumatic stress disorder [56]. Like-
wise, nutritional habits have changed significantly, showing unhealthy 
dietary changes and increases in the body weight of the population [57]. 
These psychological and nutritional changes have a direct negative ef-
fect on the immune system [58]. In this line, PA increases endorphin, 
dopamine, and serotonin, and counteracts the effects of a caloric super 
habit and poor nutrition, enhancing immune function [59]. 

Mainly because of its impact on the inflammation process, since 
during and after physical exercise, pro-and anti-inflammatory cytokines 
are released, preventing inflammation, and acting as an adjuvant 
booster for the immune cells, improving the performance of natural 
killer cells, neutrophils, and macrophages, thus avoiding damage caused 
by COVID-19 symptoms [60]. In this line, recent studies suggest that PA 
due its effects, may boost vaccination programs due to an increase in 
T-cells and neutralizing antibodies. Yet, further research is needed in the 
case of acute exercise to boost vaccine responses, where there have been 
inconsistent findings in terms of the benefit to add exercise bouts to 
vaccines to frail adults [61]. 

Regarding PA considerations, authors conclude that following up the 
daily PA guidelines of 150 min of moderate or 75 min of high-intensity 
PA, with a frequency of 3 to 5 days, is enough for a better mental and 
physical well-being and a lower prevalence of COVID-19 symptom-
atology, better prognosis and recuperation [62]. However, the authors 
clarify that in certain countries or areas in which situations or contexts 
of restriction of movement continue to be imposed, a weekly increase in 
physical activity from 150 min to 200–400 min needs to be done in order 
to compensate for the less active lifestyle [63]. Likewise, overtraining, 
high-intensity physical exercise while suffering from a respiratory tract 
disease, has been associated with immune dysfunction and an elevated 
risk for respiratory illness. Therefore, this can be extrapolated to 
COVID-19, and precautions must be taken. Independently, level of 
physical fitness, the characteristics and type of training, or the individ-
ual immunological characteristics pre-existing need to be considered to 
provide tailored immunological and anti-inflammatory responses [64]. 
Since not only responses to diseases are heterogeneous but also re-
sponses to exercise may be different. 

In general terms, during the COVID-19 pandemic, the most recom-
mended aerobic activities are walking, climbing stairs, running among 
others [65]. Depending on the type of population, previous training and 
experience, training frequency and intensity should be adapted. Yet, 
authors conclude that frequency may vary from one time per day to 
healthy young adults and 2–3 times a week. Suggested workload may 
vary from 150 to 300 min per week, achieving a medium intensity 
(effort ranging from 5 in a scale of 1 to 10), or a high intensity of 75 min 
(effort ranging from 8 in a scale of 1 to 10), while teenagers or preschool 
children should perform between 60 and 180 min of medium intensity 
PA [66]. Regarding strength training, recommendations are of 2 to 3 
sessions per week [63]. Exercises may vary from: lifting and carrying, 
lunges, stair climbing, stand-to-sit and sit-to-stand using house items, 
squats, or sit-ups [63]. Authors highlight the importance of strength 
training for the breathing muscles [67], during the recovery period of 
patients after acute COVID-19 infection [68]. In this line, 50 to 100 
resisted breaths daily, 5 days a week seems an optimal approach [59]. 
Another type of PA interventions, such as combining both, either aerobic 
and strength exercise (concurrent training), seems less effective than 
only aerobic or resistance training, although it is also capable of 
improving immune function [59]. 

What is indisputable is that the COVID-19 is seriously affecting 
psychological and physical health, especially in sensitive population 
groups. Given both the acute and chronic benefits of PA, following the 
recommendations in terms of strength and aerobic PA is a contributing 
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factor in the prevention and treatment of COVID-19. 
Finally, in the actual global vaccine administration also PA could 

present a critical role since previous authors highlighted how the acute 
stressor of PA could enhance the response to delayed-type hypersensi-
tivity and antibody response to vaccination [69]. In this line, the 
high-intensity exercise might enhance antibody responses in influenza 
vaccination [70, 71]. Then, beyond vaccination, PA is presented as a safe 
and potential preventive measure, especially for the most vulnerable 
groups [61]. 

6. Cardiorespiratory fitness and COVID-19 

COVID-19 is a disease caused by the SARS-CoV-2 coronavirus that 
induces a systemic inflammatory response and causes cough, fever, and 
respiratory distress, which places a great burden on the cardiopulmo-
nary system [72]. The most serious forms are manifested by impaired 
respiratory function, which in many cases requires mechanical ventila-
tion, and by the systemic inflammatory response syndrome, which can 
lead to septic shock with multi-organ failure, and high mortality rates 
[73]. Among the factors most widely related to a worse prognosis of this 
disease are age and certain comorbidities such as for overweight/obesity 
[74], insulin resistance and diabetes [75], hypertension, and respiratory 
and cardiovascular system disease [76]. These comorbidities are char-
acterized by low-grade chronic inflammation with high levels of various 
pro-inflammatory cytokines and the inflammasome, which, as every-
thing seems to indicate, predisposes to a higher risk of infection and 
hospitalization, as well as mortality [73]. These are related in many 
cases to lifestyle, supported by poor eating habits and especially by a 
sedentary pattern and lack of physical exercise [77]. 

In this sense, the regular practice of moderate to intense intensity 
physical exercise is well known, it significantly improves cardiorespi-
ratory capacity [78]. A higher CRF is associated with a greater cardio-
pulmonary reserve and causes powerful and wide-ranging effects on the 
immune system, among which are mainly its anti-inflammatory effects, 
giving the body a better ability to respond to any aggression [73]. CRF 
reflects the integrated function of multiple organ systems and is an 
important parameter of general health and the body’s ability to respond 
to both internal and external stressors such as COVID-19 itself [79]. In 
this sense, an inverse association has been described between the level of 
CRF and hospitalization for COVID-19. Women in the lowest CRF 
quartile have shown hospitalization rates approximately twice as high as 
those in the CRF highest quartile. The effect in men has been even more 
pronounced [80]. High levels of CRF may enhance a stronger host im-
mune defense against SARS-CoV-2 by decreasing susceptibility to viral 
infections and better controlling pro-inflammatory responses and 
enhancing post-infection host antiviral responses. Therefore, CRF is not 
only an objective measure of habitual physical activity but also a useful 
diagnostic and prognostic health indicator for patients who contract 
SARS-CoV-2 [81]. 

On the other hand, it has been determined that people who have 
seriously suffered from the disease, many of whom have had to be 
hospitalized, experience deconditioning, that is, a reduction in CRF, 
muscle strength, or aerobic capacity due to the impossibility of mobility 
and restrictions in activities of daily living [82]. In addition, for those 
patients who have been in the ICU (> 30% of hospitalizations), this 
deterioration is maintained in the long term [83]. Current evidence in-
dicates that while an increase in physical function and CRF is observed 
within the first 6 months post-COVID-19 [84], recovery is incomplete 
and people who have suffered from SARS-CoV-2 infection may experi-
ence residual alterations in physical function and CRF at one year or 2 
years post-infection [85]. Therefore, the need to plan targeted in-
terventions to promote the physical recovery of people after 
SARS-CoV-2 infection [86] is demonstrated. In this sense, it has been 
shown that a physical exercise program that combines aerobic and 
resistance training can improve physical function and CRF in the first 2 
months after discharge from hospital post-SARS-CoV-2 [87]. However, 

more studies are required to determine the effectiveness of interventions 
with exercise, to promote the improvement of CRF and which would 
suggest that the sequelae left by the virus [86] have already been 
overcome. 

In summary, based on the current evidence, everything seems to 
indicate the relationship between CRF and the severity of the prognosis 
in the current COVID-19 pandemic. In the same way, recovering the CRF 
lost during the infection or hospitalization period as soon as possible 
seems essential to leave behind the sequelae produced by SARS-CoV-2. 

7. Metabolic health and COVID-19 

The association between individual components of metabolic health 
(hypertension, diabetes, systemic inflammation, and dyslipidemia) and 
COVID-19 infection, severity and death has been demonstrated with 
mounting evidence since the beginning of the COVID-19 pandemic 
[88–93]. Similarly, higher risk of SARS-CoV-2 infection has been linked 
to an excess of adipose tissue and obesity [94]. 

Concerning hypertension, this pathology is treated with angiotensin- 
converting enzyme (ACE) and angiotensin II type-I receptor blockers 
(ARBs) [95] that produce an upregulation of ACE2 [96]. This enzyme 
(ACE2), expressed by epithelial cells of the lung, blood vessels, kidneys 
and intestine [97], plays an essential role in the human pathogenic of the 
SARS-Cov-2 because ACE2 acts as a coreceptor for SARS-Cov-2 to enter 
into cells [98]. Consequently, the increased expression of ACE2 would 
facilitate infection with COVID-19. Therefore, hypertension manage-
ment must be a principal goal during the COVID-19 pandemic. In this 
way, physical exercise has been proposed as an alternative to pharma-
cologic therapies used to reduce blood pressure [99]. Specifically, aer-
obic exercise has traditionally been the most prescribed to treat this 
disease [99]. Moreover, other training proposals based on strength ex-
ercises have demonstrated their effectiveness in lowering blood pressure 
[100]. In this way, training programs performed at a moderate intensity 
and with a frequency of three times per week, seem to be optimal in 
order to reduce blood pressure [100]. 

Additionally, there is evidence of increased incidence and severity of 
COVID-19 in patients with diabetes [101] or uncontrolled hyperglyce-
mia showing that diabetes or poor glycaemic control is clearly one of the 
most important comorbidities linked to COVID-19 [101]. Previous 
studies have found a link between COVID-19 and the pathophysiology of 
diabetes [101]. In this way, some studies reported an increased ACE2 
expression in diabetic mice [102] and others found a causally related 
ACE2 expression and diabetes [103]. Hence, increased ACE2 expression 
may increase the risk of SARS-CoV2 infection in people with diabetes 
[101]. Furthermore, diabetes patients showed an increase of furin which 
facilitates viral replication [104], an impaired T-Cell function [105] and 
an increased interleukin-6 (IL-6) which plays a role in COVID-19 [106]. 
Therefore, blood glucose control is important for all patients who have 
diabetes and COVID-19 infection. Interestingly, exercise is widely 
perceived to be beneficial for glycaemic control in patients with type 
diabetes [107]. Regarding the type of exercise, resistance and aerobic 
exercises are both recommended as effective treatments for people with 
diabetes [108]. 

Remarkably, obesity is one of the strongest predictors of hospitali-
zation in COVID-19 patients [109]. In particular, visceral adipose tissue 
that could be related with waist circumference is associated to the risk of 
hospitalization in an intensive care unit in COVID-19 patients [110]. In 
addition, among all groups affected by the COVID-19 lockdown, over-
weight and obese people are particularly impairing their lifestyles (e.g., 
reducing physical activities) and dietary patterns, increasing their body 
mass and fat mass [57]. Moreover, a recent meta-analysis has shown that 
dyslipidemia increases COVID-19 severity and mortality [111], high-
lighting that metabolic and lipid profile may even worsen due to less 
activity and an imbalanced diet during the pandemic. Hence, diet and 
exercise interventions must be implemented, specifically during situa-
tions of lockdown as a treatment for obesity. 
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Another metabolic health factor that has been related to poor 
COVID-19 outcomes and death is systemic inflammation [112, 113]. 
Additionality, IL-6 has been demonstrated to play a role in the patho-
genesis and therapy of COVID-19 [114]. In this way, it has been previ-
ously argued that obesity and specifically visceral adipose tissue 
increased systemic and local inflammation [115] due to the enhance-
ment of expression of pro-inflammatory cytokines [113,116, 117] 
Moreover, the increase of the expression of ACE2 together with other 
dysfunctions such as the activation of the renin-angiotensin-aldosterone 
system in obese people with hypertension or the microvascular 
dysfunction in obese people with diabetes or hyperglycemia [113, 116, 
117] may play an essential role in the contribution of COVID-19 mor-
tality. Of note, exercise training has been clearly demonstrated its 
effectiveness to reduce systemic inflammation with and without weight 
loss in the patients [118]. In this way, aerobic training combined with 
resistance exercise training has been proposed as an effective program to 
improve systemic inflammation, showing a greater decrease in C-reac-
tive protein when patients decrease body weight and adiposity [118]. 
Thus, a combination of diet and the encouragement that individuals to 
become physically active can lead to favorable changes in systemic 
inflammation. This fact could avoid worse outcomes in COVID-19 
because systemic inflammation is associated with adiposity and 
obesity and they can delay immune response to pathogens [112, 113, 
115, 116]. 

Current exercise recommendations to obesity management suggest 
that individuals with obesity should perform 30–60 min of moderate- 
intensity physical activity on most (if not all) days of the week [119]. 
In addition, strength training (e.g., circuit resistance training) [120] and 
high-intensity training [121] have been demonstrated their effective-
ness to reduce fat mass in obese people. Therefore, a combination of 
training could enhance the management of obesity as a risk factor during 
COVID-19. Recently, it has been demonstrated the additive effect of 
hypoxic conditioning to exercise in order to reduce body mass and fat 
mass [122]. In addition, it has been hypothesized that hypoxic pre-
conditioning appears to be a promising strategy to decrease inflamma-
tion, improve the immune system and maintain tissue oxygenation, 
which is the main goal of respiratory pathologies, including COVID-19 
[123]. Moreover, this hypoxic intervention has been shown effective 
in other aforementioned metabolic health factors (i.e., 
anti-hypertensive) [124] associated to COVID-19 severity. Thus, future 
studies that analyze the effect of hypoxic preconditioning on COVID-19 
are needed to confirm or refute the hypothesis. 

To summarize, metabolic health factors are linked to COVID-19 
severity and mortality and they may even worsen due to the decrease 
of physical activity and imbalanced diet during the pandemic. In this 
way, an individual and optimal training program seem to be an effective 
tool to fight with the virus, improving the immune response and 
improving metabolic health. 

8. Mitochondrial fitness and COVID-19 

To achieve optimal body homeostasis and health, cells must be 
healthy, and this can only be achieved if mitochondria are healthy 
[125]. Among functions that mitochondria have, energy is one of the 
main ones, using oxygen to burn fat, glucose, and amino acids to create 
ATP. Yet, a damaged power-energy plant, produces less energy and more 
pollution, similarly occurs to the mitochondrial function, a damaged 
mitochondrion is not energy efficient and generates more free radicals 
not performing the rest of its functions correctly [126]. Although pro-
ducing energy is the main work of the mitochondria, they participate in 
many other processes, such as synthesis of steroid hormones (testos-
terone and estradiol), regulation of cellular calcium, detoxification of 
ammonia in the liver, and apoptosis [127]. When a disparity is presented 
between energy and cellular communication, illness may appear. As for 
example chronic fatigue [128, 129], diabetes [130], cardiovascular 
disease [131], neurodegenerative diseases [132], migraines [133], 

cancer [134] and even infertility [135], as well as premature aging 
[136]. 

Despite its potential role in maintaining oxidative homeostasis, ROS 
generation and its link with physiopathology, the mitochondria have yet 
received limited attention on its role on COVID-19 pathogenesis, being 
unknown its role during the inflammatory cytokine storm (-). Being 
information scare, associations and hypotheses can only be made by 
now. In this line, the mitochondrial antiviral signaling complex (MAVS), 
plays an important role on the immune defense system. MAVS are 
activated by the retinoic acid-inducible gene-like receptors (RLRs), 
leading to the transcription of class 1 interferons, which serve as central 
molecules in the cellular defense against viruses [137]. Yet, to impair 
cellular antiviral defense mechanisms, many viruses evolved mecha-
nisms to evade cellular detection by RLR, or to reduce mitochondrial 
efficiency and thereby inhibit the antiviral host response [137]. Thus, it 
is likely to think that COVID-19 may cause mitochondrial dysfunctions 
through viral invasion of host mitochondria. 

Consequently, it is appropriate to think that mitochondrial health is a 
preventive factor against the pathogenesis of COVID-19. In this line, the 
concept of mitochondrial fitness is born, which refers to the biological 
efficiency and adequacy of the mitochondria. Following David- 
Sebastián et al., 2017, this mitochondrial fitness would be divided into 
function and mitochondrial quality (Fig. 1). Yet, both can be achieved 
via physical exercise, highlighting its effects on mitochondrial biogen-
esis, mitochondrial respiration, mitochondrial protein synthesis, higher 
reliance of mitochondria on fatty acid substrates and better oxidative 
stress handling [137]. This will allow to generate new mitochondria, 
thus, more energy, improved physical performance [139], and 
replacement of damaged mitochondria, preventing from associated 
diseases [140], and slowing aging [141]. Therefore, the boost on mito-
chondrial fitness via physical exercise, will also enhance the immune 
system and its response, with acute and chronic anti-inflammatory ef-
fects, improving hosts immune defense efficiency preventing from the 
cytokine responses of COVID-19 that can result in sepsis and 
COVID-19-related death. 

Among different physical activity interventions, traditional endur-
ance exercise [142] has proven great efficiency on mitochondrial fitness. 
Yet, if resisted training is added to the equation [143], benefits are 
magnified. Furthermore, new training methodologies based on low 
volume and high intensity as High Intensity Interval Training (HIIT) 
have shown great efficacy in generating new mitochondria and opti-
mizing their functioning [144]. In addition, if physical exercise is per-
formed in fasting conditions (low muscle glycogen), the body is forced to 
burn more fat, tripling mitochondrial biogenesis compared to training 
with high glycogen [145]. 

Yet, other habits apart from physical exercise which may enhance 
mitochondrial biogenesis and fitness. The practice of intermittent fast-
ing, triggers processes of mitophagy (autophagy of the mitochondria) 
that rejuvenate them and reduce disease [146]. Furthermore, it helps in 
regulating blood glucose and HbA1c levels [147], which according to 
recent studies well-controlled blood glucose may lead to an improved 
outcome of patients with COVID-19 since glucose control helps to pre-
vent and control infections and complications, especially among pa-
tients with type 1 and 2 diabetes [148], death risk factor for COVID-19 
symptomatology [101]. Furthermore, the habituation and respect of the 
circadian rhythm. Mitochondria have their own circadian rhythms, 
essential for maintaining a healthy a metabolism [149]. This optimizes, 
the secretion of melatonin, which is closely linked to mitochondrial 
function [150] and has proven to inhibit COVID-19-induced cytokine 
storm by reversing aerobic glycolysis in immune cells [151]. 

Furthermore, the work of the mitochondria is complex, requiring a 
large number of vitamins, minerals, coenzymes, and antioxidants. 
Among them, Coenzyme Q-10 (CoQ10) is an essential molecule for 
mitochondrial health, showing reduced risk of associated with ineffi-
cient mitochondria: coronary health [152], fibromyalgia [153], neuro-
muscular and neurodegenerative diseases [154], metabolic syndrome 
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[155]. Yet, alpha lipoic acid is an antioxidant, especially relevant for 
slowing down the deterioration caused by free radicals resulting from 
energy production [156]. Magnesium and B vitamins are also key 
micronutrients since both are required in mitochondrial biogenesis 
processes [156, 157]. Among B group vitamins specially B1 Thiamine, 
B2 Rivoflavin, B3Niacin, B9 Folate & B12, which participate in making 
energy production efficient [158], detoxification of mitochondria [159] 
and preventing their degeneration [160]. Furthermore, endogenous 

acetylcarnitine has beneficial effects in elderly animals and humans, 
including restoration of mitochondrial content and function. Authors 
suggest that acetylation of mitochondrial proteins leads to a specific 
increase in mitochondrial gene expression and mitochondrial protein 
synthesis [161]. It even seems that when is combined with CoQ10 and 
alpha-lipoic acid the beneficial effects on mitochondrial biogenesis are 
enhanced, surrogating markers of cellular energy dysfunction [162], 
and inducing reduced lactate and markers of oxidative stress in subjects 

Fig. 1. Mitochondrial Fitness, COVID-19 and Physical Exercise.  
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with mitochondrial cytopathies [163]. 

9. Physical activity and mental health in COVID-19 

Numerous health measures have been taken since the emergence of 
COVID-19 to prevent global transmission of the virus. Economic and 
social measures aimed at protecting the population and minimizing the 
risks of the spread of the virus have also been implemented [164]. Of all 
these measures, the most drastic and the one with the best health results 
have been the home confinement of the population [165]. 

However, it is known that the effects of prolonged low physical ac-
tivity have detrimental effects on health. Regular physical exercise helps 
to maintain physical and mental well-being, which facilitates an 
improvement in the quality of life of people [166, 167]. 

Following the OMS declaration in January 2020 of a global public 
health emergency, prolonged confinement occurred in much of Europe. 
This drastically prevented people’s lives from continuing as normal 
[168]. Travel, the daily routine of work, social and family contacts, and 
the pursuit of any type of recreational activity both indoors and outdoors 
were disrupted [169]. 

This disruption of people’s lives forced them to lead a more seden-
tary routine, even making it impossible to commute to the workplace. 
This made it significantly more difficult to continue an adequate level of 
physical activity, which can negatively affect not only physical health 
but also mental health [170]. Even more so in the case of those infected 
persons who have had to remain in the hospital in a state of absolute 
repose [171]. 

In relation to physical activity, recent studies demonstrate the 
importance of maintaining healthy habits that benefit people’s general 
well-being and combat the effects of prolonged social isolation [172]. 
Physical deterioration due to a very low caloric consumption is associ-
ated with a gradual loss of muscle mass and also with the appearance of 
various chronic physiological pathologies such as diabetes, cardiovas-
cular diseases, and obesity, as well as other pathologies of a psycho-
logical nature such as increased anxiety [173]. In this line, sedentary 
behaviors can increase the consumption of foods high in fats and sugars, 
which will also lead to an increase in body fat and the appearance of oral 
health problems [174]. 

In an attempt to reduce the negative impact of sedentary routines 
following the onset of COVID-19, experts recommend spending part of 
the day engaged in moderate physical activity to reduce the body’s pro- 
inflammatory state and strengthen the immune system, hindering the 
increase of diseases associated with the inflammatory process and 
elevated cortisol levels [175, 176]. 

Regarding mental health, since the beginning of the pandemic, there 
has been a significant increase in the presence of mental disorders 
related to mood [177]. From the first months, the population began to 
show signs of alarm, fear and confusion related to the virus, the lack of 
information and the seriousness of the health situation [178] Subse-
quently, during the time of home confinement, the risk of psychological 
problems derived from the lack of interaction and a life ordered by 
previously established patterns and routines increased considerably 
[54]. 

For these factors, in the following months, the presence of mental 
disorders such as anxiety and depression has increased, which have also 
been exacerbated by the lack of resources available for correct treatment 
due to the collapse of the health system, whose priority was to save lives 
[180]. 

Regarding anxiety, its prevalence has been associated with fear of 
contagion, perceptions of international catastrophe, uncertainty in 
relation to employment and the availability of a sufficient economy, and 
other factors such as the illness of a close relative. People with continued 
high levels of anxiety will suffer psychically and physically and will 
exhibit maladaptive and disruptive behaviors that may hinder recovery 
[125]. 

Regarding depressive symptomatology, recent studies indicate that, 

during the first months of the pandemic, more than 25% of the partic-
ipants showed mild to severe depressive symptoms. The most common 
causes were the loss of family members to COVID-19, the feeling of 
loneliness during confinement, and the impossibility of accompanying 
sick family members. Among the most common physical symptoms were 
persistent headaches, fatigue, sleep disturbances or anhedonia [169]. 

10. Practical recommendations 

COVID-19 is seriously affecting psychological and physical health, 
especially in sensitive population groups. Physical activity is a contrib-
uting factor in the prevention and treatment of COVID-19. Thus, 150 
min of moderate or 75 min of high-intensity physical activity, with a 
frequency of 3 to 5 days, is enough for a better mental and physical well- 
being and a lower prevalence of COVID-19 symptomatology. 

Cardiovascular physical activity as walking, climbing stairs, running 
among others [39] is encouraged with a strength training frequency of 2 
to 3 sessions per week [118]. 

Healthy young adults should exercise 2–3 times a week between 150 
and 300 min per week, achieving a medium intensity (effort ranging 
from 5 in a scale of 1 to 10), or a high intensity of 75 min (effort ranging 
from 8 in a scale of 1 to 10). 

Teenagers or preschool children should perform between 60 and 180 
min of medium-intensity physical activity. 

Higher levels of respiratory muscle strength are associated with a 
better prognosis and rehabilitation after COVID-19 [47], especially if the 
subject has received artificial respiration by intubation [48]. Thus, 50 to 
100 resisted breaths daily, 5 days a week seems an optimal approach 
[156] either for prevention and rehabilitation. 

11. Future research lines 

The multifactorial factors that are involved in the COVID-19 and the 
interconnexion of them allow us to propose different future research 
lines. For example, to analyze the effect of physical condition in the 
vaccines efficiency and the heard immunity success, since the impact of 
physical condition on immunity system and its importance for vaccines 
effects [174]. Taking into account the large impact of COVID-19 in 
mental health [33, 175-178], it would be interesting how physical ac-
tivity could modulate these impact in population. 

12. Conclusion 

The characteristics and symptoms related with the actual COVID-19 
pandemic made the physical activity interventions a valuable preven-
tion and treatment factor. Physical activity improves body composition, 
the cardiorespiratory, metabolic, and mental health of patients and 
enhancing antibody responses in vaccination. 
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[8] M. Hamer, M. Kivimäki, C.R. Gale, G.D. Batty, Lifestyle risk factors, inflammatory 
mechanisms, and COVID-19 hospitalization: a community-based cohort study of 
387,109 adults in UK, Brain Behav. Immun. 87 (2020) 184–187. 
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Esquivel, J. Flores-Soler, et al., Influence of baseline physical activity as a 
modifying factor on COVID-19 mortality: a single-center, retrospective study, 
Infect. Dis. Ther. 10 (2) (2021) 801–814. 
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Effects of resistance circuit-based training on body composition, strength and 
cardiorespiratory fitness: a systematic review and meta-analysis, Biology (Basel) 
[Internet] 10 (5) (2021), https://doi.org/10.3390/biology10050377. Disponible 
en:. 

[115] R.B. Batacan Jr, M.J. Duncan, V.J. Dalbo, P.S. Tucker, A.S. Fenning, Effects of 
high-intensity interval training on cardiometabolic health: a systematic review 
and meta-analysis of intervention studies, Br. J. Sports Med. 51 (6) (2017) 
494–503. 

[116] R.G. Hertzog, N.S. Bicheru, D.M. Popescu, O. Călborean, A.M. Catrina, Hypoxic 
preconditioning—A nonpharmacological approach in COVID-19 prevention, Int. 
J. Infect. Diseases. 103 (2021) 415–419. 

[117] T.V. Serebrovskaya, E.B. Manukhina, M.L. Smith, H.F. Downey, R.T. Mallet, 
Intermittent hypoxia: cause of or therapy for systemic hypertension? Exp. Biol. 
Med. (Maywood) 233 (6) (2008) 627–650. 

[118] Liesa M., Palacín M., Zorzano A. Mitochondrial dynamics in mammalian health 
and disease. Physiol. Rev. 2009;89(3):799–845. 

[119] Memme J.M., Erlich A.T., Phukan G., Hood D.A. Exercise and mitochondrial 
health. J. Physiol. 2021;599(3):803–817. 

[120] L.D. Osellame, T.S. Blacker, M.R. Duchen, Cellular and molecular mechanisms of 
mitochondrial function, Best Pract. Res. Clin. Endocrinol. Metab. 26 (6) (2012) 
711–723. 

[121] S. Myhill, N.E. Booth, J. McLaren-Howard, Chronic fatigue syndrome and 
mitochondrial dysfunction, Int. J. Clin. Exp. Med. 2 (1) (2009) 1–16. 

[122] K. Filler, D. Lyon, J. Bennett, N. McCain, R. Elswick, N. Lukkahatai, et al., 
Association of mitochondrial dysfunction and fatigue: a review of the literature, 
BBA Clin. 1 (2014) 12–23. 

[123] W.I. Sivitz, M.A. Yorek, Mitochondrial dysfunction in diabetes: from molecular 
mechanisms to functional significance and therapeutic opportunities, Antioxid 
Redox Signal. 12 (4) (2010) 537–577. 

[124] S.W. Ballinger, Mitochondrial dysfunction in cardiovascular disease, Free Radic. 
Biol. Med. 38 (10) (2005) 1278–1295. 

[125] M.F. Beal, Bioenergetic approaches for neuroprotection in Parkinson’s disease, 
Ann. Neurol. 53 (S3) (2003) S39–S47. Suppl 3discussion S47-8. 

[126] S. Stuart, L.R. Griffiths, A possible role for mitochondrial dysfunction in migraine, 
Mol. Genet Genomics. 287 (11–12) (2012) 837–844. 

[127] M.L. Boland, A.H. Chourasia, K.F. Macleod, Mitochondrial dysfunction in cancer, 
Front. Oncol. 3 (2013) 292. 

[128] L.A.M. Demain, G.S. Conway, W.G. Newman, Genetics of mitochondrial 
dysfunction and infertility: genetics of mitochondrial dysfunction and infertility, 
Clin. Genet. 91 (2) (2017) 199–207. 

[129] A. Bratic, N.-.G Larsson, The role of mitochondria in aging, J. Clin. Invest. 123 (3) 
(2013) 951–957. 

[130] J. Burtscher, G.P. Millet, M. Burtscher, Low cardiorespiratory and mitochondrial 
fitness as risk factors in viral infections: implications for COVID-19, Br. J. Sports 
Med. 55 (8) (2021) 413–415. 

[131] D. Sebastián, M. Palacín, A. Zorzano, Mitochondrial dynamics: coupling 
mitochondrial fitness with healthy aging, Trends Mol. Med. 23 (3) (2017) 
201–215. 

[132] D.C. Nieman, A.S. Williams, R.A. Shanely, F. Jin, S.R. McAnulty, N.T. Triplett, et 
al., Quercetin’s influence on exercise performance and muscle mitochondrial 
biogenesis, Med. Sci. Sports Exerc. 42 (2) (2010) 338–345. 
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