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A B S T R A C T

The SARS-CoV-2-caused COVID-19 pandemic has resulted in a devastating threat to human society in terms of
health, economy, and lifestyle. Although the virus usually first invades and infects the lung and respiratory track
tissue, in extreme cases, almost all major organs in the body are now known to be negatively impacted often
leading to severe systemic failure in some people. Unfortunately, there is currently no effective treatment for this
disease. Pre-existing pathological conditions or comorbidities such as age are a major reason for premature death
and increased morbidity and mortality. The immobilization due to hospitalization and bed rest and the physical
inactivity due to sustained quarantine and social distancing can downregulate the ability of organs systems to
resist to viral infection and increase the risk of damage to the immune, respiratory, cardiovascular, musculo-
skeletal systems and the brain. The cellular mechanisms and danger of this “second wave” effect of COVID-19 to
the human body, along with the effects of aging, proper nutrition, and regular physical activity, are reviewed in
this article.
Introduction

Coronavirus disease (COVID-19) is an infectious disease caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which
was first detected in December 2019 in the city of Wuhan, China.1–3

Currently, this pandemic has infected more than 15 million people in
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nearly 210 countries around the world resulting in nearly 600,000
deaths. A pandemic of this scale has never been seen since the Spanish
Influenza during WWI, and has already created dramatic challenges all
over the world in terms of economy, social interactions, and individual
lifestyles. Coronaviruses are one of the largest (27–34 kilobase)
positive-stranded non-segmented RNA viruses, named after the ~120 nm
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diameter envelop (resembles of solar corona) around the nucleic
acid-protein complex. The foremost damage of the virus is on human
health, including direct injury to the respiratory system, compromise of
the immune system, exacerbation of the underlying medical conditions,
and eventually systematic failure and death.4 Due to the COVID-19
attack, tens of thousands of patients have been hospitalized, with addi-
tional thousands of millions of people forced to stay in limited space.
Conceivably, this dramatic change in lifestyle, resulting from immobili-
zation (hospitalization and bed rest), quarantine, and physical inactivity
can cause a second-wave attack on the health and wellbeing of the
infected as well as general population.5

As a major journal of sport medicine and health in the world, the
Editor-in-Chiefs and the Editorial Board share a strong sense of obligation
to provide an overview on the impact of COVID-19 and related physical
inactivity on human health, and to offer some physical activity guidelines
to individuals suffering from the adverse outcomes during the pandemic
and those recovering from an infection. Thus, the goal of this review
article is three-fold: 1) to highlight the COVID-19 threats and damages to
the various human physiological systems; 2) to address the harm of
physical inactivity associated with the virus outbreak to the body; and 3)
to recommend some practical strategies to mitigate the potential damage.
Specifically, we will first give a brief overview on the pathology of
COVID-19 and its impact on the immune system. We will then review the
impacts of the COVID-19 outbreak and physical inactivity on the respi-
ratory, cardiovascular, and musculoskeletal systems. Special sections will
be devoted to how the virus may specifically devastate the aged popu-
lation and compromise the psychological and mental wellbeing. Finally,
we will provide some practical suggestions as to how good nutrition and
exercise training can protect against and help recovery from the virus
attack. Ultimately, the harm and suffering that the coronavirus can cause
to an individual is determined by not only the endowed factors such as
age, sex, race, medical conditions, but also the lifestyle of the individual
during the pandemic.

Impact of COVID-19 and physical inactivity on the immune
system

SARS-CoV-2 causes COVID-19 characterized by the major symptoms
of fever, dry cough, myalgia, and fatigue.6 Currently, there are neither
vaccines nor clinically proven effective therapeutics. Convalescent
plasma and anti-viral drugs (e.g., Remdesivir) have shown some promise
in treating COVID-19 patients,7 but their widespread use await statistical
rigor. Behavioral strategies of social distancing and hygiene are currently
the best and only methods to limit the spread and reduce morbidity and
mortality. As this virus strain is novel to the human immune system, we
are dependent on aspects of our innate immunity to deal with the initial
infection. Like most viral infections, if we survive the infection, over the
course of weeks we develop antibody and cell-mediated immune re-
sponses specific to the virus. In most instances, this exposure-related
‘training’ of our immune systems offers us long-lasting protection from
re-infection or, if we are re-infected, disease symptoms are much milder.
However, we currently do not know if our response to SARS-CoV-2 is
sufficient to be protective and long lasting. Along with tests for the
presence of viral particles and plasma antibodies, a clear need exists for
research related to vaccine development and research to determine
whether our immune response is adequate to protect us.

The public health recommendations (i.e., stay-at-home orders, clo-
sures of parks, gymnasiums, and fitness centers) to prevent SARS-CoV-2
spread have the potential to reduce daily physical activity (PA). These
recommendations are unfortunate because daily exercise may help
combat the disease by boosting our immune systems and counteracting
some of the co-morbidities like obesity, diabetes, hypertension, and
serious heart conditions that make us more susceptible to severe COVID-
19 illness.8

Exercise affects the immune system and its anti-viral defenses.9,10

Animal experiments administering influenza and herpes simplex viruses
56
1 (HSV-1) in the respiratory tract, have shown that moderate exercise,
performed before (i.e. training) or after infection (for a few days before
symptom onset), improves morbidity and mortality to the infection.11–13

Conversely, preclinical studies have also shown that intense exercise
leads to poorer outcomes in response to respiratory viral infections.14,15

Follow-up studies have elucidated some understanding of the mecha-
nisms responsible for these observations.16–19

An early epidemiological study suggested that intense, prolonged
exercise was associated with an increase in upper respiratory tract in-
fections.20 This work led to the concept of the inverted J theory, where
moderate exercise reduces, and prolonged, high intensity exercise in-
creases susceptibility to infection.21 Many studies since have supported
the theory with respect to individual immune parameters including those
specific to viral defense. For example, salivary lactoferrin and its secre-
tion rate increased for up to 2 hours after moderate exercise.22 Mucosal
lactoferrin is important because it can prevent DNA and RNA viruses
form infecting cells by binding and blocking host receptors. Conversely,
low levels or secretion rates of salivary immunoglobulin A, which can
bind to viruses and inactivate them, has been shown to be associated with
upper respiratory tract infection in some athletes undergoing intense
training.23 In addition, because PA and exercise results in profound
movement of leukocytes in blood and tissues,24 many researchers theo-
rize that being physically active increases immunosurveillance against
infectious pathogens including viruses.

Despite this, whether exercise-induced changes in the immune system
affect respiratory virus susceptibility in people is unclear.25 Indeed,
controversy remains whether intense, prolonged exercise can alter im-
munity that leads to infectious disease risk25 or whether moderate
exercise-induced improvements in immune response reduces it. Defini-
tive studies where both exercise and infection are manipulated and
controlled are needed and yet scarce due to ethical concerns. In one such
study, moderate exercise training (40min at 70% heart rate reserve every
other day for 10 days) was initiated after nasal rhinovirus administration
to determine its effects on the severity and duration of infection.26 No
differences were found in self-reported symptoms or mucus weight
(collected from provided facial tissues) and concluded that PA and ex-
ercise moderately are safe during a rhinovirus-induced upper respiratory
tract infection. Of special note is these subjects were young, healthy
college students and (other than mucus weight) and no measurement of
viral infection or subsequent antibody responses were completed.

At this time, we know very little about how PA or exercise might
interact with the immune system to affect SARS-CoV-2 infectivity and
COVID-19 disease susceptibility. As the pandemic proceeds, it will be
important to perform retrospective studies to determine whether PA
status had any bearing on SARS-CoV-2 infection or COVID-19 outcome;
valid virus and antibody testing protocols will aid such studies. In addi-
tion, animal models determining the effect of PA and exercise on coro-
navirus infection and subsequent immune responses would also be
informative. Current practical advice dictates that people follow social
distancing and hygiene practices, and we propose exercise can be safely
incorporated. Disruption of PA and exercise routines and reducing
physical fitness may increase susceptibility to infection and certainly
increase some comorbidities associated with poor COVID-19 outcomes if
protracted. As animal studies have documented that intense training or
intense, prolonged single exercise bouts can lead to reduced immune
responses, it is not prudent to begin an intense training regimen or
perform highly intense prolonged exercise if you are not accustomed to
such activities. A good practice is to start exercising at lower intensities
and durations and build up slowly. For example, walking is the most
natural and practical form of exercise and beneficial to many organ
systems. For those who have underlying health conditions, consultation
with a primary care provider is warranted before beginning an exercise
program.
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COVID-19, physical activity, and the respiratory system

While the clinical course of the COVID-19 pandemic continues to be
investigated, many COVID-19 patients develop respiratory failure and
require mechanical ventilation (MV) to maintain adequate pulmonary
gas exchange. In this regard, a recent report reveals that ~54% of pa-
tients hospitalized due to COVID-19 experience respiratory failure and
>30% require MV.27 Although MV is often a life-saving intervention, an
unwanted consequence of prolonged MV is the rapid development of
respiratory muscle weakness due to diaphragm muscle atrophy and
contractile dysfunction (collectively termed ventilator-induced dia-
phragm dysfunction, VIDD). VIDD is clinically significant because dia-
phragmatic weakness is a major contributor to the inability to wean
patients from the ventilator.28 Many COVID-19 patients often require
prolonged time on the ventilator that increases the risk of weaning
problems. Patients who experience difficult weaning suffer higher
morbidity and mortality than patients weaned quickly on their first at-
tempts to separate from the ventilator29 and unfortunately, many
COVID-19 patients succumb to ICU-related complications (e.g., sepsis).27

Given that respiratory muscle weakness is a primary risk factor for failure
to wean from the ventilator, developing strategies to protect the dia-
phragm against MV-induced weakness has become a priority in critical
care medicine. Interestingly, studies into the effects of endurance exer-
cise training on the respiratory system have led the way. Details about
this story follow.

Although many organ systems adapt in response to endurance exer-
cise training, the structural and functional properties of the lung and
airways are not altered due to exercise training.30 Nonetheless, while the
gas-exchange side of the respiratory system does not adapt to exercise
training, “the pump” side of the respiratory system does undergo adap-
tive changes in response to endurance exercise. Specifically, endurance
exercise training promotes numerous biochemical alterations in dia-
phragm muscle resulting in a phenotype that is protected against several
challenges including prolonged MV.31 Indeed, as few as 10 consecutive
days of endurance exercise training results in significant protection
against VIDD.32–34 Therefore, it is predicted that endurance trained in-
dividuals that develop COVID-19 and require ventilator support will
benefit from the exercise-induced preconditioning of the diaphragm.

Unfortunately, many patients that develop COVID-19 are not endur-
ance trained prior to infection. Nonetheless, studies into the mecha-
nism(s) responsible for endurance training preconditioning of the
diaphragm are a powerful tool in the pursuit of pharmacological treat-
ments to prevent VIDD and reduce weaning problems in patients exposed
to long-duration ventilator support. In this regard, preclinical in-
vestigations reveal that endurance exercise training alters the abundance
of ~70 cytosolic proteins and ~25 mitochondrial proteins in the dia-
phragm.35 Studies investigating which of these proteins contribute to
protection of the diaphragm against VIDD reveal that exercise-induced
changes in both mitochondrial proteins (e.g., superoxide dismutase 2)
and cytosolic proteins (e.g., heat shock protein 72) contribute to exercise
preconditioning of the diaphragm.32–35 This vital information has been
used to develop successful pharmacological treatments to protect the
diaphragm against MV-induced diaphragmatic weakness.34,36 Impor-
tantly, these preclinical studies provide an example of how exercise
physiology research leads to improved health-care.

Impact of COVID-19 and physical inactivity on cardiovascular
system

PA is critical to cardiovascular health and deemed essential during
the pandemic. Part of the strategy to reduce the spread of the virus is
through social isolation, but social isolation runs the risk of reduced PA
with potential long-term consequences. Humans evolved as physically
active animals and regular PA is in our genes.37,38 The effects of inactivity
promote genes that are detrimental to health. Inactivity for any reason
reduces heart health and increases the long-term risk of coronary artery
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disease and sudden cardiac death. The positive impact of PA on the
prevention of coronary artery disease and sudden cardiac death reduc-
tion is well known dating back to the London Bus Drivers study.39,40

Current studies on steps per day and other measures of exercise show that
regular PA promotes cardiovascular health and those who have higher
levels of fitness have better exercise stress testing outcomes.41,42

The muscle aches that accompany influenza and corona viral in-
fections are a well-known symptom and a result of direct and indirect
harm to the tissue. Muscle soreness is likely due to a combination of
direct tissue infection and the inflammatory response of cytokines
released to fight the viral invasion. Excessive cytokine release (cytokine
storm) is the dark side of the immune response that is responsible for
tissue damage beyond that of the direct viral infection. While both heart
and peripheral muscle are infected by viruses, heart muscle infection has
both short- and long-term consequences. COVID-19 is no different and
may, as a novel virus, trigger more extensive tissue damage in the heart.
Heart muscle infection leads to myocarditis with the potential for acute
myocardial infarction, heart failure, and/or arrhythmia.43–45 In the acute
infection phase, the adrenergic release can trigger acute coronary syn-
drome or fatal arrhythmias.46 Systemic viral infections also cause an
inflammatory reaction that irritates the lining of the arteries. In the
coronary arteries, inflammation allows tears in the tissue holding plaques
in place, leading to plaque rupture with clot formation and hence either
fatal arrhythmia or local hypoxia and cardiac tissue death. Plaque
rupture is a common cause of sudden cardiac arrest and death both at rest
and during exercise. Muscle scarring induced by viral infection can
trigger potentially fatal post infection and exertion related arrhythmias,
which can be fatal.47 The cardiac effects of COVID-19 can be present in
concert with or after the respiratory symptoms have abated in some
patients.

During the COVID-19 pandemic, PA and exercise will play both a
positive and a negative role in individual health outcomes. On the
negative side COVID-19 infection increases risk of cardiac damage and
cardiac death during exercise and the increased risk may extend into the
post infection time period. PA during any systemic viral disease is not
recommended because the inflammatory reaction within the muscle cells
and coronary artery walls put an affected individual at risk for sudden
cardiac death during and after the infection. Data from post mortem
analysis is showing this to be true for COVID-19 patients also.43,45 The
accompanying myocardial scarring leaves individuals at risk for sudden
cardiac death for a lifetime. Non-steroidal anti-inflammatory drugs
(NSAIDs) are often used to relieve muscle discomfort but increase risk of
heart events under normal circumstances. The risk is accentuated during
concurrent viral infections like COVID-19, so NSAIDs are not the choice
for muscle pain control during a COVID 19 viral infection.

On the positive side, regular PA and exercise promote cardiorespi-
ratory fitness and longevity. Our recommendation for healthy individuals
during and following the COVID-19 pandemic is to remain physically
active and exercise while socially distanced when you are well, stop
exercise when you develop symptoms or signs of an infection, and return
to PA and exercise slowly following recovery. Social distancing requires
some changes in perspective while exercising. Recent models suggest the
2-m diameter “bubble” of safety changes shape with movement. The
slipstream of dirty air created by running or biking requires 5–20m of
spacing for a person following directly behind an infected person to stay
in clean air.48 The 2-m safety zone may also be broken by forced
breathing that comes with vigorous exercise based on the spread of the
virus amongst church choir members who met for practice and main-
tained social spacing during the rehearsal; approximately 75% of those in
attendance contracted the disease.

Once completely well, it is reasonable for mildly infected individuals
to gradually resume PA and exercise with a goal of returning to pre-
infection fitness. For people with more severe COVID-19 illness, return
to PA may require testing or imaging prior to exercise. If exertion-related
symptoms like palpitations, chest pain, exercise intolerance, or dyspnea
occur during the return to exercise, evaluation with cardiac imaging and



J.A. Woods et al. Sports Medicine and Health Science 2 (2020) 55–64
stress testing may be indicated to rule out COVID-19 cardiac damage
before progressing to higher PA levels.

Impact of COVID-19 and physical inactivity on musculoskeletal
system

Staying healthy requires daily PA. Our body is constantly sensing
internal environment and responding to these changes.49 The increased
demands from the contracting skeletal muscles during exercise represent
a major challenge to the body homeostasis provoking a plethora of re-
sponses in several organs. The metabolic rate of the skeletal muscle can
rise even 100-fold on activation when compared to resting conditions.50

In order to support the energy demand of the working muscle fibers,
temporary acute responses occur in our organism to meet the PA and
exercise challenge. As a result of the accumulation of activity sessions,
the organism adapts to the metabolic demands. PA and exercise adap-
tations refer to the long-term changes that occur in our body as a
consequence of PA and training. Heart hypertrophy or resting brady-
cardia is two well-known examples of these adaptations.50 However, the
musculoskeletal system, one of the largest tissues in the body, is the main
target of exercise training. Plasticity describes the ability of our muscles
to adapt to variations in activity and in working demand. The adaptive
event involves the whole muscle fiber structure from the sarcolemma to
the mitochondria, including the myofibrils, the extracellular matrix, as
well as capillaries surrounding the muscle fibers.51

Exercise is one of the most frequently prescribed therapies in both
health and diseases.52 However, western societal lifestyle behaviors
promote physical inactivity and sedentariness.53 This situation is greatly
aggravated by the containment measures imposed by the countries to
control the expansion of the recent pandemic of COVID-19. A large
number of people have been asked by health authorities to stay home in
quarantine for an extended period of time, and this recommendation
poses a significant challenge for remaining physically active. Several
models have given us information on the effects of inactivity in the
musculoskeletal system: bed rest and limb immobilization are extreme
experimental models. Reduction of daily walking steps may indicate a
more physiological model of reduced PA that reflects the risk of
long-term confinement. In terms of steps walked, ~10,000 steps/day is
generally considered as a high level of PA, while ~1500 steps/day is
classified as a low level of PA.53

Physical inactivity is associated with many detrimental effects,
including loss of aerobic fitness (~7% reduction in V_O2 peak in healthy
young adults), musculoskeletal, and cognitive decline.53 It is also
accompanied with metabolic effects that include alterations in insulin
signaling that leads to increased peripheral insulin resistance, an increase
in inflammation, as well as alterations in adipose tissue lipolysis and
mitochondrial pathways.53 In skeletal muscle physical inactivity-induced
reduction in insulin sensitivity contributes to the distribution of energy
substrates into other tissues, which increases central fat accumulation.54

The body needs regular muscular activity during the day, whereas some
of the most powerful mechanisms regulating disease susceptibility such
as the mitochondrial function and the lipoprotein metabolism are being
downregulated during physical inactivity.50

PA and exercise are essential in preserving muscle mass through the
activation of muscle protein synthesis.53 On the contrary, the lack of
muscle contractile activity during inactivity, especially in old individuals,
is a leading cause of anabolic resistance and muscle atrophy.55 Signifi-
cant muscle atrophy (1–4% losses) has been reported with only 14 days
of step reduction in both young and older adults.53 Skeletal muscle
adapts to a prolonged physical inactivity by decreasing not only muscle
fiber size (atrophy) but also muscle function and quality.56 Mechano-
sensor proteins, such as costameres, titin, filamin-C, and Bag3, which
allow muscle fibers to sense mechanical forces, are also involved in the
regulation of skeletal muscle mass. Their activation during muscle
contraction regulates protein turnover through interaction with the
mammalian target of rapamycin complex 1 (mTORC1) and with the main
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proteolytic pathways: the autophagic-lysosomal and the
ubiquitin-proteasome systems.57

Mitochondrion, conventionally regarded as the “power house” of
muscle energy generation, plays an important role in not only controlling
the proliferation and generation of the new organelle (mitochondrial
biogenesis),58 but also regulating the elimination of dysfunctional
mitochondria via mitophagy and the morphological dynamics via fusion
and fission.59–61 Studies in human subjects with long-term bedrest and
other forms of confinements reveal that mitochondrial homeostasis is
disrupted by muscle immobilization resulting in decreased protein syn-
thesis and enhanced protein degradation.62–64 Research in rodents
demonstrates that muscle immobilization for a period of 2–3 weeks
dramatically reduces mitochondrial quantity and quality because of the
downregulation of mitochondrial biogenesis, the upregulation of the
ubiquitin-proteolysis, and the overexpression of mitophagic genes.65

Research shows that deterioration of mitochondrial homeostasis due
to muscle immobilization can lead to organic and systemic inflammation,
an important mechanism for COVID-19 pathogenesis. Decreased mTOR
activity unleashes forkhead box O (FoxO) family transcription factor
activation, which is an important reason for enhanced proteolysis and
mitophagy61,62 Increased ROS generation also activates nuclear factor
kappa B (NFκB) signaling to produce pro-inflammatory cytokines such as
TNFα, interleukin IL)-1 and IL-6 in the muscle and exacerbates muscle
atrophy and functional decline.

COVID-19 infection and the brain function

Does SARS-CoV-2 infection threat and damage brain?

Although the main risks of COVID-19 is to cause injuries to the upper
and lower respiratory track and lung, other organs are not necessarily
void of this viral infection. It is believed that the entry of SARS-CoV-2 in
the human tissues is facilitated via angiotensin-converting enzyme 2
(ACE-2), however the poor absence of ACE-2 receptors in central nervous
system (CNS) does not mean that CNS is resistant against this type of
viruses.66 Indeed, it has been shown that when SARS-CoV-2 types of virus
was given through intra-nasally to mice, the virus translocated into
thalamus and brainstem and were significantly lethal suggesting that
CNS could be one of the targets of SARS-CoV-2. It is suggested that the
virus can reach the CNS via neural circuits through trans-synaptic path-
ways.67 The relatively long latency period of the virus of 5–12 days
would allow the virus to significantly damage medullary neurons, and
indeed, patients infected by SARS-CoV-2 reported severe neurologic
symptoms manifested as acute cerebrovascular diseases, consciousness
impairment and skeletal muscle symptoms.68 Therefore, these observa-
tions suggest that SARS-CoV-2s could belong to the group of neuro-
invasive viruses.

One of the most common protections against virus infections is
quarantine. However, social isolation often causes psychological and
mental disorders including acute stress disorder, exhaustion, detachment
from others, irritability, insomnia, poor concentration indecisiveness,
fear, and anxiety. Data suggest that depression, anxiety, and post trau-
matic disorders have significant effects on the immune system, resulting
in mast cell activation, increased generation of cytokines like IL-1, IL-37,
TNFα, IL-6, and C-reactive protein.69 Traumatic events activate the
hypothalamic–pituitary–adrenal axis (HPA) and acute inflammation via
activation of NFkB and cytokine production. Apparently
quarantine-associated mental and psychological disorders weaken the
protective capacity of the immune system against diseases making in-
dividuals more vulnerable. Overall, it is suggested that SARS-CoV-2 virus
directly or, with associated conditions like quarantine-induced mental
and psychological disorders, can damage or impact the CNS negatively.

Can physical fitness protect or attenuate the consequences of infection?

There is currently no proven medicine to treat the viral infection,
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however the progress and severity of virus-induced diseases could vary
greatly. The general observation is that under the age of 60 years, mor-
tality rates and severity of symptoms of SARS-CoV-2 infections are much
less then in advanced age. To date, no data is available whether the level
of physical fitness affects the progress of SARS-CoCV-2 infections.
However, it is well documented that regular exercise induced-
adaptations enhance the effectiveness of immune system,70 which
actual level could affect the severity of SARS-CoV-2 infection.

However, quarantine-associated decline in the immune system as a
result of the development of depression or traumatic disorders can be
prevented and/or attenuated. Indeed, the inflammatory process gener-
ated by ROS can be more effectively detoxified by antioxidant systems in
various organs including the brain of well-trained individuals from ad-
aptations to exercise training.71 In addition, exercise training can effi-
ciently decrease depression, and is one of the power modulator of the
neuroprotective and anti-depressive effects of PA and exercise is the
brain derived neurotrophic factor (BDNF).72 Present data suggest
depression is closely linked to structural abnormalities and dysregulation
of some neuroplastic mechanisms. Many brain regions are affected by
depression, but the most consistently affected area in individuals with
depression is the hippocampus, which is implicated in memory, emotion
processing, and stress regulation.

The exercise effect on the brain can elicit systemic influences on the
entire body, as exercise-induced euphoria is associated with the release
of endogenous opioids (endorphins). Endorphins are identified as three
distinct peptides termed alpha-endorphins, beta-endorphins, and
gamma-endorphins. Euphoria is significantly increased after running and
is inversely correlated with opioid binding in prefrontal/orbitofrontal
cortices, the anterior cingulate cortex, bilateral insula, parainsular cortex,
and temporoparietal regions (region-specific effects in frontolimbic brain
areas that are involved in the processing of affective states and mood).73

Thus, regular exercise can attenuate the symptoms and consequences of
quarantine-induced depression and traumatic disorders with the sys-
temic, complex, and powerful neuroprotective effects.

Recommendation to fight against COVID-19-associated neurological and
mental disorders

Since vaccination is not an available option against SARS-CoCV-2
infection at present, one alternative feasible option is to increase the
effectiveness of the immune system. Research data suggest that higher
level of physical fitness improves immune responses to vaccination,
lowers chronic low-grade inflammation, and improves various immune
markers in several disease states including cancer, acquired human im-
munodeficiency syndrome, cardio-vascular diseases, diabetes, cognitive
impairments, and obesity.74 The adaptive effects of exercise are depen-
dent upon the intensity and duration of exercise sessions. Available in-
formation suggests that to boost the power of the immune system,
moderate intensity exercise up to 45 min is best. On the other hand,
strenuous exercise can suppress immune system function leading to
upper respiratory tract infections and appearance of latent viral reac-
tivation.75 Although a debate exists regarding possible suppressing ef-
fects of severe exercise training on immune system, moderate intensity
exercise clearly up-grades the power of immune system.

Since the aged population has higher risk to suffer from SARS-CoV-2
infections and generally this group benefits the most from regular PA and
exercise, moderate-intensity aerobic exercise with 2–3 sessions/week
lasting not less than 30 minute is suggested to as the lowest exercise dose
to exert beneficial brain effects. Few studies aimed to investigate the
relationship between exercise intensity and relief of depression via
endorphin secretion exist. In subjects with moderate level of depression,
it appears that the moderate- and high-intensity exercise can attenuate
depression levels, whereas very-low intensity exercise has no effect, and
the β-endorphin results are inconclusive.75 It appears that
exercise-associated-dose response is individual and could be dependent
on the type of exercise. Nevertheless, daily aerobic exercise is highly
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recommended for all individuals at all ages (Fig. 1).

Impact of COVID-19 on the older adults

COVID-19 is having a major impact on people's lives by causing
hospitalizations and deaths, but also through reducing quality of life
resulting from social isolation, depression, fear, and financial crisis.1

Older adults are experience the most burdensome from COVID-1968.
Indeed, the constellation of changes in cellular and physiological func-
tion that accompany the aging process make older people especially
vulnerable to COVID-19. Hence, the identification of health-related pa-
rameters predisposing older adults to the negative outcomes associated
with COVID-19 is of utmost importance. Here, we provide a brief
description of the mechanisms through which SARS-CoV-2 infection
might contribute to the development or progression of frailty and sar-
copenia in older ages.

Possible effects of COVID-19 on muscle atrophy and physical function

The pathophysiological mechanisms underlying COVID-19 are under
intense investigation. Evidence is accumulating that SARS-CoV-2 invades
and damage multiple organs, such as the respiratory system, cardiovas-
cular system, central nervous system, kidneys, and liver. Yet, no studies
have investigated whether the virus directly damages skeletal muscle.
However, information about the time-course of COVID-19 and related
hospital outcomes allows speculating the disease may affect muscle
homeostasis.

Notably, acute respiratory distress syndrome (ARDS), the most
worrisome consequence of SARS-CoV-2 infection, seems to develop
mainly in older adults with multimorbidity.69,76 ARDS involves bilateral
pulmonary infiltration limiting hematosis and reducing oxygen supply
for mitochondrial bioenergetics.77 Patients with ARDS are transferred to
intensive care unit (ICU) to receive adequate oxygen supplementation
through non-invasive or mechanical ventilation.78 The combination of
ARDS and ICU-related procedures may cause a major insult to muscle by
increasing protein breakdown(rhabdomyolysis) and reducing protein
synthesis, thereby establishing a catabolic environment leading to severe
muscle atrophy.79 Muscle wasting is experienced by 50% of ICU patients
involving diaphragmatic and lower limb muscle, causing serious respi-
ratory and physical complications that may remain for years after hos-
pital discharge.80 Observational studies have shown that ARDS survivors
have substantially lower performance on mobility tests relative to
healthy age- and sex-matched people.79

Are frailty and sarcopenia possible outcomes of COVID-19

Muscle atrophy and declining physical function are key features of
frailty and sarcopenia.81,82 Frailty is a geriatric syndrome characterized
by reduced capacity to reach physiological homeostasis after a stressful
event,81 while sarcopenia is a neurodegenerative disease that involves
muscle atrophy, loss of muscle strength and power, and physical
dysfunction.81 Based on the aforementioned possible complications of
COVID-19, the plausibility that SARS-CoV-2 infection might promote the
development of frailty and sarcopenia and accelerate their progression.
Furthermore, extreme home isolation and increased physical inactivity,
combined with depression and anxiety,83 could increase the suscepti-
bility to falls or other prominent geriatric conditions (Fig. 2). These topics
are certainly areas for future investigation.

These premises have important implications during and after hospi-
talization since both sarcopenia and frailty are associated with ICU
complications and mortality, as well as negative outcomes after hospital
discharge.84,85 Health professionals responsible for the care of older
adults with COVID-19 should assess the presence of frailty and/or sar-
copenia at patient admission to identify those individuals at higher risk of
negative outcomes an again at discharge. Indeed, older patients who
survive COVID-19 might present many conditions associated with the



Fig. 1. . SARS-CoV-2 can directly attack central nervous system. The quarantine which is used to prevent the spreading of SARS-CoV-2 readily can cause depression,
which has negative effects on CNS and immune system. Regular exercise with moderate intensity curbs the quarantine-associated harmful effects on the brain.

Fig. 2. The detrimental effect of COVID-19 on the development of sarcopenia and frailty among people of old age. Potential influences of physical inactivity and social
isolation on the pathogenesis are illustrated.
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progression of frailty and sarcopenia, including cardiovascular, respira-
tory, metabolic, muscular, cognitive, psychological, and social compli-
cations. Hence, health professionals responsible for post-acute
rehabilitation need to be prepared to manage weak patients with extreme
fatigue when performing simple movements (e.g., sitting).

Fighting COVID-19 with proper nutrition

Nutrition is an important factor for human health, including
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maintaining a strong immune system. However, research up to date in-
dicates that no single nutrient or dietary supplement can prevent or treat
COVID-19. On the contrary, inappropriate intake, especially overdoses of
dietary supplements might be more harmful than beneficial. Clinical data
demonstrate that patients dying from COVID-19 are mostly elder people
with complication from other diseases and malnutrition problem due to
aging.86 Also, development of COVID-19 from mild to serious symptoms
is closely related to the nutritional status.87 Therefore, assessing nutrition
status is necessary and important during COVID-19 infection.
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SARS-CoV-2 virus, like other coronaviruses, causes rapidly generation
of free radicals and the release of cytokines (cytokine storm), leading to
oxidative stress which promotes cell death and ultimately results in organ
failure.88,89 Patients with COVID-19 have increased pro-inflammatory
cytokines, high-sensitivity C-reactive protein (hsCRP) and increased
risk for sepsis and ARDS.90 Experiences from treating SARS, MERS, and
other virus infectious diseases and from clinical trials in COVID-19 pa-
tients show the beneficial effects of nutritional support against
COVID-19. Through reducing oxidative stress and enhancing immunity,
nutritional support helps people to lower the risk of virus infection or to
alleviate the symptom of COVID-1986.

In plasm from COVID-19 patients, hsCRP, a marker of inflammation
and oxidative stress, is markedly elevated.88 Therefore, increasing anti-
oxidant status and reducing pro-inflammatory cytokine release along
with regular treatments is likely an effective strategy for lowering ARDS
and COVID-19 risk. Vitamin C is a commonly used antioxidant to scav-
enge ROS and to protect cells from oxidative stress. Intravenous (i.v.) or
oral administration of high-dose vitamin C has been reported to be safe
and protects against viral infection without major adverse events.91 In
addition, high-dose vitamin C supplementation by i.v. administration
shortened the intensive care unit (ICU) stay by 7.8% and significantly
reduced mortality rate.91 Several registered clinical trials are presently
being performed to investigate the effects of vitamin C in treatment of
COVID-19 in several countries such as NCT04264533, NCT04357782
and NCT04335084 (ClinicalTrials.gov).

Enhancing immunity is an important means for preventing and
managing viral infections. Nutritional status affects immune homeostasis
while malnutrition will impair immune response to pathogens.92 Vita-
mins and trace elements are crucial to maintain the function of immune
system.86 Therefore, supplementation of proper amounts of vitamins and
trace elements may enhance immunity against COVID-19.

Vitamin D is a group of steroids responsible for absorption of calcium.
Vitamin D not only plays the vital role in maintaining proper bone
structure, but also a modulate s immune response. Several studies
claimed that vitamin D induces antimicrobial peptides to kill the
invading pathogens, including bacteria, virus, and fungi.90 Vitamin D can
reduce the cytokine storm by inhibiting expression of pro-inflammatory
cytokines, such as TNFα and interferon γ (IFNγ) while stimulating
anti-inflammatory cytokines expression by macrophages.90 In addition,
vitamin D supplementation may reduce hsCRP in diabetic patients in
whom vitamin D deficiency increases the risk of ARDS.90 Therefore,
vitamin D supplementation is highly recommended to reduce the risk of
COVID-19. Currently, several clinical trials are underway to investigate
the potential protective effects of vitamin D supplementation at different
doses and durations against COVID-19 such as NCT04344041 and
NCT04326725 (ClinicalTrials.gov).

Vitamin A is a group of retinoids including retinol, retinal and retinoic
acid, and is one of the most important factors in maintaining immune
system function. Vitamin A supplementation has been shown to reduce
morbidity and mortality of measles, pneumonia, diarrhea, malaria, and
HIV infection.93 Vitamin A supplementation also enhances immune
response after vaccination for measles and influenza.94

Vitamin B is a group of water-soluble vitamins having different
functions in the human body. Vitamin B2 could decrease the titer of
MERS virus in human plasm.95 During lung injury induced by the
ventilator, vitamin B3 treatment significantly inhibited the infiltration of
neutrophils into the lungs and elicited a strong anti-inflammatory ef-
fect.84 In addition, vitamin B6 deficiency is known to weaken host im-
mune response.84

Vitamin E is an antioxidant and its deficiency impairs humoral and
cellular immunity.96 Vitamin E supplementation is particularly effective
in improving age-related immunity. Protective effects of vitamin E sup-
plementation on hepatic B virus infection and bacterial pneumonia
infection have been reported, however, vitamin E supplementation
apparently has no protective effects on acute respiratory tract in-
fections.85 In view of the protective effect of these vitamins on viral
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infection, supplementation with multiple vitamins is recommended to
reduce COVID-19 risk.

Other nutrients involved in strengthening immunity are trace ele-
ments such as selenium and zinc. Selenium status is correlated with the
cure rate and death rate of COVID-19 patients.97 High hair selenium level
has been shown to correlate positively with treatment outcomes of
COVID-19 patients. The mechanism for the protective effect of selenium
is likely related to the selenium-dependent enzyme glutathione peroxi-
dases, which is an important antioxidant enzyme to reduce ROS and
oxidative stress.86

Zinc is another important trace element for developing and main-
taining immune system function. Previous research on the SARS coro-
navirus (SARS-CoV) pandemic in 2003 reported that combination of low
concentrations of zinc and pyrithione inhibited coronavirus replica-
tion.98 Since the SARS-CoV-2 virus belongs to the same family of coro-
navirus as SARS-CoV, zinc supplementation has high potential for
prevention of COVID-19. Considering the potential effect of zine against
COVID-19, adding zinc along with chloroquine and hydroxychloroquine
may improve the treatment outcome of patients with COVID-1998.
Clinical trials are presently being conducted to estimate the synergistic
action of zinc and chloroquine as therapy for COVID-19 (NCT04326725,
ClinicalTrials.gov).

In summary, although definite proof for the potential effectiveness of
various nutrients in alleviating harmful effects of COVID-19 is still
forthcoming, supplementation of sufficient vitamins and proper trace
elements is recommended to help prevent lung infection and alleviate
COVID-19 symptom. Importantly, all nutritional supplements only
reduce the possibility of infection and are only adjuvant therapies,
whereas the only strategies for COVID-19 prevention and treatment are
in the development of vaccine and drugs.

PA and exercise programming during a pandemic

Infectious and non-communicable diseases have always beset
humans, but the recent appearance of COVID-19 has refocused public
health perspectives to infectious disease. In the early part of the 20th
century, advances in the prevention and treatment of infectious disease
was primary, but deaths caused by noncommunicable disease continued
to rise.99 During the last part of the 20th century, higher global death
rates shifted this focus from infectious to noncommunicable diseases and
the scientific community sought to better understand prevention and
treatment of these diseases.100,101 The impact of PA and exercise on
noncommunicable disease are well-documented53,102,103 and also impact
the immune system and thus affects the bodies anti-virale defenses.8,9

Unfortunately, modern lifestyle behaviors promote physical inac-
tivity and sedentariness.53,102–104 These poor lifestyle behaviors are
intensified by social distancing and self-imposed or government
mandated quarantine measures intended to reduce COVID-19 spread.
These circumstances pose significant challenges for remaining physically
active. During periods of isolation, all socioeconomic groups, ethnicities,
and ages should maintain good health by following the WHO PA rec-
ommendations of 150 minutes of moderate-intensity or 75 minutes of
vigorous-intensity PA per week, or a combination of both.
Muscle-strengthening activities involving major muscle groups are rec-
ommended on two or more days a week.105 In children/adolescents the
recommendations include at least 60 minutes per day of vigorous or
moderate intensity PA.106

To exercise or not to exercise when flu or COVID-19 symptoms are observed

Common COVID-19 symptoms are fever, cough, shortness of breath,
and breathing difficulties. In severe cases, infection causes pneumonia,
ARDS, organ failure, and even death. Symptoms usually appear within
two to 14 days and are difficult for the non-health professional to
differentiate between flu or COVID-19. In either case, the PA or exer-
cising individual should seek medical diagnosis and discontinue PA and
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exercise immediately. Present data suggest the median time from onset to
clinical recovery for mild COVID-19 cases is approximately two weeks
and is three to six weeks or longer for patients with severe or critical
disease.

When body aches, fatigue, fever or symptoms such as a stomachache
or a hacking cough are present, bed rest is recommended until symptoms
subside. Even at this point, taking a break from PA or exercise for a few
days is sensible for the body to regain full function. Using the body as a
guide to determine when to resume PA or exercise is always useful but be
careful not to over-exert. If one is not sure whether or when to exercise,
talking with your doctor is vital. When becoming PA or starting exercise
after an illness, reduce PA and exercise intensity and duration for several
days or even weeks. Complete recovery depends on the severity and the
length of time of illness. Each individual responds and recovers differ-
ently to illnesses. Attempting PA or exercise at regular exercise intensity
and duration before completely recovered, increases risk for more-
serious injury or illness.

Starting an exercise program during a pandemic

When starting a PA or exercise program while in the midst of a
pandemic, public health recommendations for social distancing and hy-
giene practices are paramount considerations when starting a PA or ex-
ercise program. Becoming physically active and reducing sedentary
behavior is easily accomplished by avoiding sitting for long time periods,
taking short movement or activity breaks, utilizing online exercise clas-
ses, and using mobile technologies such as telephone applications and
wearable sensors to encourage movement. Examples of home exercises
not requiring large spaces or equipment while easily practiced at all times
of the day include walking, stair climbing, lifting and carrying groceries,
chair squats, pushups, sit-ups, rope jumping, yoga, Pilates, and Tai Chi. A
beginning exercise program should start at low intensities for short du-
rations and progress slowly to more intense PA or exercise periods of
longer durations. Because these activities are easily performed at home,
difficulties in finding facilities with proper space and specific equipment
is reduced or eliminated.

A goal of any beginning PA or exercise program is to progressively
work toward completing at least one-half hour of moderate PA every day
or at least twenty minutes of vigorous PA every other day of the week.
Ideally, strengthening-type activities are included in daily activities at
least twice a week.104 Individuals susceptible to chronic diseases such as
cardiovascular or pulmonary disease should seek advice from health care
providers regarding safe exercises106,107. Recommendations for children
and youth aged five to 17 years are the accumulation of at least 60 mi-
nutes of moderate - to vigorous-intensity daily PA. In addition,
vigorous-intensity activities that strengthen muscle and bone are rec-
ommended at least three times per week.107

If engaged in regular PA or exercise and wanting to further enhance
cardiovascular and muscle fitness, suddenly beginning an intense aerobic
and resistance exercise training program or performing unaccustomed
highly intense prolonged exercise is not prudent, because such PA or
exercise training can lead to reduced immune function. Thus, if you are
already physically active or a regular exerciser but want to become more
physically active, adjust exercise programming slowly and progressively
to obtain new fitness goals to reduce the likelihood of any negative
impact on the immune system.
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