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The purpose of our review was to summarize the COVID-19 disease and its effect on decreasment in
the physical activity in global population. In the review, the negative effect of COVID-19 on human
health is presented, followed by an overview of studies that examined the relationship of physical
activity levels and the COVID-19 pandemy. At the end of the review, we briefly discuss the
recommendations on how to safely return to physical activity after COVID-19. The review showed

significant decrease in PA during the pandemy and strong relation with low physical activity levels and

severity of COVID-19 course of a disease.

INTRODUCTION

Coronavirus disease (COVID-19) is an infectious
disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which
was first detected in December 2019 in the city
of Wuhan, China (1, 2, 3). Due to the COVID-19
attack, tens of thousands of patients have been
hospitalized, with additional thousands of
millions of people forced to stay at home or
lockdown facilities. Although the virus usually
first invades and infects lung and respiratory
track tissue, in extreme cases, almost all major
organs in the body are now known to be
negatively affected, often leading to severe
systemic failure in some people.

Immobilization due to hospitalization and bed

rest and physical inactivity due to sustained
guarantine and social distancing can negatively
regulate the ability of organs systems to resist
viral infection and increase the risk of damage
to the immune, respiratory, cardiovascular,
musculoskeletal systems, as well as the brain
(4). Clearly, this dramatic change in lifestyle,
resulting from immobilization, quarantine, and
physical inactivity, can cause a second-wave
attack on the health and well-being of the
infected as well as general population (5).

The purpose of this review is to summarize the
findings of the authors on COVID-19, how the
pandemic situation affected the level of
physical activity in the global population and

what secondary effects can cause inactivity to



human body, mainly to the immune,
respiratory, cardiovascular, musculoskeletal
systems and brain. In this review impact of
COVID will discuss, what changes occur in
human systems, and what was the physical
activity of global population during this

pandemic.

COVID, HEALTH AND PHYSICAL ACTIVITY

COVID-19 is strongly affecting the function of
main human body systems, in this part we will
discuss mostly impact on respiratory,
cardiovascular, musculoskeletal systems and

brain function.

COVID-19, INACTIVITY AND RESPIRATORY
SYSTEM

There are many cases in which COVID-19
patients developed respiratory failure and
required mechanical ventilation (MV) to
maintain adequate pulmonary gas exchange
(6). 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
diaphragm dysfunction, VIDD). VIDD is clinically
significant because diaphragmatic weakness is
a major contributor to the inability to remove
patients from the ventilator (7). Given that
respiratory muscle weakness is a primary risk
factor for failure to wean the ventilator,
developing strategies to protect the diaphragm

against MV-induced weakness has become a

priority in critical care medicine (4). Although
many organ systems adapt in response to
endurance exercise training, the structural and
functional properties of the lung and airways
are not altered due to exercise training (8).
However, while the gas-exchange side of the
respiratory system does not adapt to exercise
training, the “pump” side of the respiratory
system undergoes adaptive changes in
response to endurance exercise. Specifically,
endurance exercise training promotes
numerous biochemical alterations in the
diaphragm muscle, resulting in a phenotype
that is protected against several challenges,

including prolonged MV (9-10).

COVID-19, INACTIVITY AND

CARDIOVASCULAR SYSTEM

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 disease and
sudden cardiac death (4). Muscle aches that
accompany influenza and corona viral
infections are the well-known symptom and a
result of direct and indirect damage to the
tissue. Muscle soreness is probably due to a
combination of direct tissue infection and the
inflammatory response of cytokines released
to combat viral invasion. Excess cytokine
release (cytokine storm) is the dark side of the
immune response that is responsible for tissue
damage beyond that of direct viral infection.
While both the heart and peripheral muscles

are infected by viruses, heart muscle infection



has short- and long-term consequences.
COVID-19 is no different and, 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 (11,12,13). Systemic viral infections
also cause an inflammatory reaction that
irritates the lining of the arteries (14). During
the COVID-19 pandemic, PA and exercise play a
positive role in individual health outcomes.

On the positive side, regular exercise and
exercise promote cardiorespiratory fitness and
longevity. For healthy individuals, it s
recommended to remain physically active and
exercise during and after the COVID-19
pandemic and to stop exercise when
developping the symptoms or signs of an
infection  develop. If  exertion-related
symptoms such as palpitations, chest pain,
exercise intolerance, or dyspnea occur during
return to exercise, evaluation with cardiac
imaging and stress testing evaluation may be
indicated to rule out COVID-19 cardiac damage

before progressing to higher PA levels (4).

COVID-19, INACTIVITY AND

MUSCULOSKELETAL SYSTEM

The increased demands from the contracting
skeletal muscles during exercise represent a
major challenge to body homeostasis
provoking a plethora of responses in several
organs. As a result of the accumulation of
activity sessions, the organism adapts to

metabolic demands. PA and exercise

adaptations refer to the long-term changes
that occur in our body as a consequence of PA
and training (15). 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 work demand. The adaptive event involves
the whole muscle fiber structure from the

sarcolemma to the mitochondria, including the
myofibrils, the extracellular matrix, and the
capillaries surrounding the muscle fibers (16).
Health authorities have asked a large number
of people 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 on the musculoskeletal system: bed
rest and limb immobilization are extreme
experimental models (17). Physical inactivity is
associated with many detrimental effects,
including loss of aerobic fitness (~7% reduction
in the peak in healthy young adults),
musculoskeletal, and cognitive decline. It is
also associated with metabolic effects that
include alterations in insulin signaling that lead
to increased peripheral insulin resistance,
increased inflammation, as well as alterations
in adipose tissue lipolysis and mitochondrial
pathways. 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 (15,17,18).



The body needs regular muscular activity
during the day, whereas some of the most
powerful mechanisms regulating disease
susceptibility, such as mitochondrial function
and the lipoprotein metabolism, are being
downregulated during physical inactivity. PA
and exercise are essential in preserving muscle
mass through the activation of muscle protein
synthesis. Research shows that deterioration of
mitochondrial homeostasis due to muscle
immobilization can lead to organic and
systemic  inflammation, an  important

mechanism for the pathogenesis of COVID-19
(4,15,17).

COVID-19, INACTIVITY AND BRAIN FUNCTION
COVID-19 has been shown to not only affect
the respiratory system of the human body, but
several researches also refer to damage to
brain function. It has been shown that when
the SARS-CoV-2 types of virus were
administered intranasally to mice, the virus
translocated into the thalamus and brainstem
and was significantly lethal suggesting that the
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 transsynaptic
pathways (19). The relatively long virus latency
period of 5-12 days would allow the virus to
significantly damage medullary neurons, and in
fact, patients infected by SARS-CoV-2 reported
severe neurologic symptoms manifested as
acute cerebrovascular diseases, impaired
consciousness, and skeletal muscle symptoms

(20). 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 posttraumatic
disorders have significant effects on the
immune system, resulting in mast cell
activation, increased generation of cytokines
such as IL-1, IL-37, TNFa, IL-6, and C-reactive
protein (21). Sustained reductions in habitual
movement can contribute to a multitude of
negative health consequences. According to
the World Health Survey, including responses
from 237,964 individuals, physical inactivity is
associated with an odds ratio of 1.32 for future
states of anxiety. (22). A meta-analysis that
combined the results of 49 prospective studies
found that people with low activity levels were
at increased risk for depression (23). However,
it is well documented that regular exercise-
induced adaptations improve the effectiveness
of immune system, whose actual level could
affect the severity of SARS-CoV-2 infection. In
fact, the inflammatory process generated by
ROS can be more effectively detoxified by
antioxidant systems in various organs,
including the brain of well-trained individuals
from adaptations to exercise training. In
addition, exercise training can efficiently
decrease depression, and is one of the power
modulators of the neuroprotective and
antidepressive effects of PA and exercise is the

brain-derived neurotrophic factor (BDNF). The



effect of exercise in the brain can elicit systemic
influences throughout the entire body, as
exercise-induced euphoria is associated with
the release of endogenous opioids

(endorphins) (24,25,26,27).

DECREASMENT OF PHYSICAL ACTIVITY
DURING COVID

Health authorities have asked a large number
of people 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 in 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 a high level of PA, while ~1500
steps/day is classified as a low level of AP.
Physical inactivity is associated with many
detrimental effects, including loss of aerobic
fitness (~7% reduction in VO2 peak in healthy
young adults), musculoskeletal and cognitive
decline (4, 17). There are several studies that
present a negative impact of COVID-19 on PA.
Travakol et al. (28) collected data from all
patients who visited the respiratory emergency
department from March 20, 2020 to April 24,
2020 at the University Hospital. The outcome
measures were body mass index, diet quality

evaluated with a 16-item food intake

guestionnaire, and physical activity level
evaluated using the global physical activity
questionnaire. Data from 200 patients were
analyzed. The results investigated that patients
with lower levels of physical activity or lower
MET.min/week were affected by a more severe
form of the disease (p=0.05 and p=0.03,
respectively). They found that patients with a
healthier diet pattern were affected by lower
severity of illness (p<0.05). The results
investigated that physical inactivity was
significantly associated with the severity of
COVID-19 disease. Furthermore, the
correlation between the duration of signs and
symptoms and physical activity suggested that
patients with low physical activity suffered
from a more prolonged illness compared to
groups with moderate to a high level of
physical activity, however, it was not significant
between groups (666.4 S 813.7
METs.min/week) (p <0.05) (28).

The relation between physical activity and
respiratory tract infections is controversial and
is mostly correlated with exercise intensity. In
2020, a large sample size (n=387,109) was
published in favor of the effect of physical
activity on reducing risk of hospital admission
of patients with COVID-19, but the assessment
was only in the last week before the disease
(29). However, in a new large cross-sectional
study, the authors concluded that regular
sports participation may decrease disease
severity. Furthermore, hospitalization of

athletes with regular sports participation was



33% lower than that of the non-athletic group
(30).

In another study (31), the Pennington
Biomedical COVID-19 Health Behavior Survey
was used for analyses and mixed-effect linear
and generalized linear models to estimate the
effects of individual-level factors on changes in
PA levels during COVID-19 restrictions.
Participants (n =4376) provided information on
PA behaviors before and during the COVID-19
shutdown. Overall, PA levels declined by a
mean + SD of 112 + 1460 MET-min-wk-1 during
the COVID-19 shutdown; however, the changes
in PA were heterogeneous, and 55% of the
participants reporting increases in or
maintenance of PA during that time. Several
social and demographic factors were
significantly related to the declines in PA,
including high prepandemic PA levels, living
alone (difference = 118 MET-min-wk-1), low
household income (difference between the
highest and lowest income group = 363
MET-min-wk-1), COVID-19-related income
changes (difference = 110 MET-min-wk-1), and
loss of employment (difference = 168
MET-min-wk-1) (31).

As regular exercise is essential for health, Wilke
et al. (32) examined the effect of pandemic-
related confinements on physical activity levels
(PA). A multinational survey was conducted in
14 countries. The times spent in moderate to
vigorous physical activity (MVPA) as well as in
only vigorous physical activity (VPA), were
assessed using the Nordic Physical Activity

Questionnaire (short form). Data were

obtained for leisure and occupational PA pre-
and during restrictions. Compliance with PA
guidelines was calculated based on the
recommendations of the World Health
Organization (WHO). In total, n = 13,503
respondents (39 + 15 years, 59% women) were
surveyed. Compared to pre-restrictions, overall
self-reported PA decreased by 41% (MVPA) and
42.2% (VPA). The reductions were higher for
occupational vs. leisure time, young and old vs.
middle-aged persons, previously more active
vs. less active individuals, but similar between
men and women. Compared to before the
pandemic, compliance with WHO guidelines
decreased from 80.9% (95% Cl 80.3-81.7) to
62.5% (95% Cl: 61.6—63.3). The results suggest
that PA levels have decreased substantially
worldwide during the COVID-19 pandemic (32).
Castafieda-Babarro et al. (33) The study
evaluated how self-reported PA and sedentary
time (ST) have changed during confinement in
the Spanish population. 3800 healthy adults
(aged 18 to 64 vyears) residing in Spain
answered the short international physical
activity questionnaire (IPAQ-S) twice between
23 March and 1 April (confinement). Data
analysis was carried out taking into
consideration meeting general PA
recommendations before confinement, age,
and gender. Self-reported PA decreased
significantly during confinement in our sample.
Vigorous physical activities (VPA) and walking
time decreased by 16.8% (p < 0.001) and 58.2%
(p < 0.001), respectively, while ST increased by
23.8% (p < 0.001). The percentage of people



who met the 75 min/week of VPA
recommendation decreased by 10.7% (p <
0.001) while the percent of people who
reached 150 min/week of moderate activity
barely changed (1.4%). The group that
performed the highest VPA  before
confinement showed the greatest decrease
(30.5%, p < 0.001). Men reduced the time in
VPA more than women (21% vs. 9%,
respectively) who even increased the time in
moderate PA by 11% (p < 0.05) and reported
less increase in ST than men (35% vs. 25.3%,
respectively) (33).

Another study from Iran (34) found that 670
adults included in the study and grouped based
on age and gender. The short-form
International Physical Activity Questionnaire
(IPAQ, SF) was distributed to participants
through an online survey. The Wilcoxon signed-
rank test was used for statistical analyses. The
results showed that the level of physical
activity decreased significantly during COVID-
19 compared to before COVID-19 in both the
sexes and the age groups (p < 0.001).
Additionally, this study found that a total of
78% of participants did not meet the physical
activity guidelines during COVID-19 in Iran (34).
The Canadian study (35) confirmed similar
findings. Participants were students (n = 125)
from the University of Saskatchewan and
Regina. An online questionnaire was
administered  retrospectively  (for  the
prepandemic) and prospectively (during the
pandemic) to examine students’ dietary intake,

physical activity, and sedentary behaviour.

Overall, nutrient and caloric intake was
significantly reduced (p < 0.05) during the
pandemic, and alcohol intake increased (p =
0.03). Before the pandemic, 16% and 54% of
the participants met the Canadian 24-Hour
Movement Guidelines for adults (18 to 64
years) of 150 min of moderate-vigorous
physical activity and 8 h or less of sedentary
activity, respectively. Only 10% met the
guidelines for physical activity while 30% met
the guidelines for sedentary behavior during
the pandemic. The minutes per week spent
participating in moderate to vigorous physical
activity during the pandemic decreased by
approximately 20% (p < 0.001). The hours
spent in sedentary activities increased by 3 h
per day (p < 0.001). The alarming fact of this
study needs to be underlined.

During COVID-19, the nutrient and caloric
intake of university students decreased, and
the alcohol intake increased significantly.

The levels of physical activity levels decreased,
and the sedentary activity increased
significantly during COVID-19.

During COVID-19, students did not engage in
sufficient physical activity to compensate for
increased sedentary behaviour (35).

In contrast, a search in 6 databases (PubMed,
Embase, SPORTDiscus, Scopus, Web of Science
and CINAHL) was conducted on 23 July 23,
2020 (36). Medical subject headings and
keywords related to PA and COVID-19 were
combined to conduct the online search, which

covered the period from January to July 2020.

In total, 1,784 articles were retrieved. After



removal and title, abstract, and full text
screening, 41 articles were included. Most of
the included studies were quantitative and
collected data through online
interviews/questionnaires, with sample sizes
larger than 100 and composed of adults and
older adults. Changes in PA levels due to the
COVID-19 pandemic were the most assessed
result, followed by the association between
mental health problems and PA. Only 2 studies
evaluated the direct effects of PA on COVID-19
(36).

RECOMENNDATIONS FOR PHYSICAL ACTIVITY
INCREASMENT

A risk-stratification approach can help
maximise safety and mitigate risks, and a
number of factors need to be taken into
account. First, is the person physically ready to
return to activity? In the natural course of
covid-19, deterioration that indicates a severe
infection often occurs around a week from
symptom onset. Therefore, the consensus is
that a return to exercise or sporting activity
should occur only occur after an asymptomatic
period (37). Return to exercise after at least
seven days without symptoms and begin with
at least two weeks of minimal exertion.
Patients should use daily self-monitoring to
track progress, including when to seek further
help (37). Public health recommendations (i.e.,
stay-at-home orders, parks, gymnasiums, and
fitness centers) to prevent SARS-CoV-2 spread
have the potential to reduce daily physical

activity (AP). These recommendations are

unfortunate because daily exercise can help
combat the disease by strengthening our
immune systems and counteracting some of
the comorbidities such as obesity, diabetes,
hypertension, and serious heart conditions
that make us more susceptible to the severe
COVID-19 disease (4). During periods of
isolation, all socioeconomic groups, ethnicities,
and ages should maintain good health by
following the WHO PA recommendations of
150 minutes of moderate intensity or 75
minutes of vigorous-intensity PA per week, or a
combination of both (38). Muscle
strengthening activities involving major muscle
groups are recommended on two or more days
a week. In children / adolescents, the
recommendations include at least 60 minutes
per day of vigorous or moderate intensity PA
(39).

When it comes to returning to PA, Salman et al.
(37) recommend using the Borg rating of
perceived exertion (RPE) scale to determine
what kind of PA is appropriate based on
individual level. Authors divided the return to
PA to 5 phases. Phase 1 is to prepare for return
to PA and recommends mostly breathing,
stretching, and gentle walking with RPE no
more than 6-8. Phase 2 is for low-intensity
activity such as walking, yoga, gardening, or
household tasks with RPE 6-11 and graduate
increasing until walking without problem for 30
minutes during 11 RPE (37,40).

Phase 3 is aimed at moderate intensity PA such

as aerobic or strength work with 12-14 RPE.

Phase 4 follows phase 3, but increasing the



volume of active days to the ratio 2:1 (active
day : rest day) and recommends progress to
exercise 7 days a week with monitoring fatigue
levels. Finally, phase 5 is for returning to
regular PA programs with RPE 15+ or as

tolerated without any other problems (37).

IMPACT PANDEMIC OF SLOVAK, CZECH AND
POLAND

A decrease in physical activity was also found
in the countries of Slovakia, the Czech Republic
and Poland (41,42,43,44). The impact of the
pandemic on these countries has been
significant. High hypoactivity has been found,
so the goal in these countries should be to
increase physical activity. The impact of
hypoactivity on human health is enormous and
therefore a pandemic due to hypoactivity
should be avoided after a pandemic caused by

CoviD19.

CONCLUSIONS

respiratory, cardiovascular, musculoskeletal
systems or brain functions. Researchers found
a significant decrease in PA during and after the
COVID-19 pandemic, related to pandemic
restrictions, sedentary lifestyle, or poor quality
of life. Several studies found an increase in
unhealthy habits in students and the global
population. Therefore, this finding indicates
the need to consider an integrated and
comprehensive approach to reduce the
inactivity caused by COVID-19 to prevent the
secondary effect of pandemic on human health
and quality of life. A decrease in physical
function and, in some cases, a persistence of
symptoms can be observed in patients, who

overcame the infection period

FUNDING

ZvySenie pohybovej aktivity po pandémii
spbsobenej COVID19 / The movement activity
enhancement after the COVID19 pandemics,

project number 2021-1-SK01-KA220-HED-

There is a large amount of evidence linking 000023008“.

COVID-19 disease with malfunctioning if

REFERENCES

1. A. Pan, L. Liu, C. Wang, et al. Association of public health interventions with the epidemiology of

the COVID-19 outbreak in Wuhan, China ] Am Med Assoc, 323 (19) (2020), pp. 1915-1923 doi:

https://doi.org/10.7861/clinmed.2019-coron

2. M.A. Lake What we know so far: COVID-19 current clinical knowledge and research Clin Med

(Lond)., 20 (2) (2020), pp. 124-127 doi: https://doi.org/10.7861/clinmed.2019-coron

3. G. Gabutti, E. d'Anchera, F. Sandri Coronavirus: update related to the current outbreak of COVID-

19 Infect Dis Ther, 8 (2020), pp. 1-13 doi: https://doi.org/10.1007/s40121-020-00295-5

4, Jeffrey A. Woods, Noah T. Hutchinson, Scott K. Powers, William O. Roberts, Mari Carmen Gomez-

Cabrera, Zsolt Radak, Istvan Berkes, Anita Boros, Istvan Boldogh, Christiaan Leeuwenburgh, Hélio José


https://doi.org/10.7861/clinmed.2019-coron
https://doi.org/10.7861/clinmed.2019-coron
https://doi.org/10.1007/s40121-020-00295-5

Coelho-Junior, Emanuele Marzetti, Ying Cheng, Jiankang Liu, J. Larry Durstine, Junzhi Sun, Li Li Ji. The
COVID-19 pandemic and physical activity. Sports Medicine and Health Science Volume 2, Issue 2, 2020,
Pages 55-64, ISSN 2666-3376, doi: https://doi.org/10.1016/j.smhs.2020.05.006

5. A. Gasmi, S. Noor, T. Tippairote, M. Dadar Individual risk management strategy and potential
therapeutic options for the COVID-19 pandemic Clin Immunol, 7 (2020), p. 108409, doi:
https://doi.org/10.1016/j.clim.2020.108409

6. F. Zhou, T. Yu, R. Du, et al. Clinical course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort study Lancet, 395 (10229) (2020), pp. 1054-1062
doi: https://doi.org/10.1016/50140-6736(20)30566-3

7. M. Dres, Demoule Diaphragm dysfunction during weaning from mechanical ventilation: an
underestimated phenomenon with clinical implications Crit Care, 22 (1) (2018), p. 73 doi:
https://doi.org/10.1186/s13054-018-1992-2

8. D.C. McKenzie Respiratory physiology: adaptations to high-level exercise Br J Sports Med, 46 (6)
(2012), pp. 381-384 doi: https://doi.org/10.1136/bjsports-2011-090824

9. S.K. Powers, M. Bomkamp, M. Ozdemir, et al. Mechanisms of exercise-induced preconditioning
in skeletal muscles Redox Biol (2020), p. 101462 doi: https://doi.org/10.1016/j.redox.2020.101462
10. K.J. Sollanek, J.G. Burniston, A.N. Kavazis, et al. Global proteome changes in the rat diaphragm
induced by endurance exercise training PloS One, 12 (1) (2017), Article e0171007 doi:
https://doi.org/10.1371/journal.pone.0171007

11. R.M.Inciardi, L. Lupi, G. Zaccone, et al. Cardiac involvement in a patient with coronavirus disease
2019 (COVID-19) JAMA Cardiol (2020) doi: https://doi.org/10.1001/jamacardio.2020.1096

12. Bonow RO, Fonarow GC, O'Gara PT, et al. Association of coronavirus disease 2019 (COVID-19)
with myocardial injury and mortality. JAMA Cardiol. Published online March 27 doi:
https://doi.org/10.1001/jamacardio.2020.1105

13.  C. Yang, Z. Jin An acute respiratory infection runs into the most common noncommunicable
epidemic—COVID-19 and cardiovascular diseases JAMA Cardiol (2020) doi:
https://doi.org/10.1001/jamacardio.2020.0934

14. P.D. Thompson, G.W. Dec We need better data on how to manage myocarditis in athletes Eur J
Prev Cardiol (2020), pp. 1-3 doi: https://doi.org/10.1177/2047487320915545

15. M.T. Hamilton The role of skeletal muscle contractile duration throughout the whole day:
reducing sedentary time and promoting universal physical activity in all people J Physiol, 596 (2018),
pp. 1331-1340 doi: https://doi.org/10.1113/1P273284

16. D. Pette Historical Perspectives: plasticity of mammalian skeletal muscle J Appl Physiol, 90

(2001), pp. 1119-1124 doi: https://doi.org/10.1152/jappl.2001.90.3.1119


https://doi.org/10.1016/j.smhs.2020.05.006
https://doi.org/10.1016/j.clim.2020.108409
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1186/s13054-018-1992-2
https://doi.org/10.1136/bjsports-2011-090824
https://doi.org/10.1016/j.redox.2020.101462
https://doi.org/10.1371/journal.pone.0171007
https://doi.org/10.1001/jamacardio.2020.1096
https://doi.org/10.1001/jamacardio.2020.1105
https://doi.org/10.1001/jamacardio.2020.0934
https://doi.org/10.1177/2047487320915545
https://doi.org/10.1113/JP273284
https://doi.org/10.1152/jappl.2001.90.3.1119

17. K.A. Bowden Davies, S. Pickles, V.S. Sprung, et al. Reduced physical activity in young and older
adults: metabolic and musculoskeletal implications Ther Adv Endocrinol Metab, 10 (2019) doi:
https://doi.org/10.1177/2042018819888824

18. R.Rabgl, K.F. Petersen, S. Dufour, C. Flannery, G.l. Shulman Reversal of muscle insulin resistance
with exercise reduces postprandial hepatic de novo lipogenesis in insulin resistant individuals Proc Natl
Acad Sci U S A, 108 (2011), pp. 13705-13709 doi: https://doi.org/10.1073/pnas.1110105108

19. Y.C. Li, W.Z. Bai, N. Hirano, et al. Neurotropic virus tracing suggests a membranous-coating-
mediated mechanism for transsynaptic communication J Comp Neurol, 521 (1) (2013), pp. 203-212
doi: https://doi.org/10.1002/cne.23171

20. Y.C. Li, W.Z. Bai, T. Hashikawa The neuroinvasive potential of SARS-CoV2 may play a role in the
respiratory failure of COVID-19 patients J Med Virol (2020) doi: https://doi.org/10.1002/jmv.25728
21. Y. Dowlati, N. Herrmann, W. Swardfager, et al. A meta-analysis of cytokines in major depression
Biol Psychiatr, 67 (5) (2010), pp. 446-457 doi: https://doi.org/10.1016/].biopsych.2009.09.033

22. Stubbs, B.; Koyanagi, A.; Hallgren, M.; Firth, J.; Richards, J.; Schuch, F.; Rosenbaum, S.; Mugisha,
J.; Veronese, N.; Lahti, J.; et al. Physical activity and anxiety: A perspective from the World Health
Survey. J. Affect. Disord. 2017, 208, 545-552. doi: https://doi.org/10.1016/j.jad.2016.10.028

23. Schuch, F.B.; Vancampfort, D.; Firth, J.; Rosenbaum, S.; Ward, P.B.; Silva, E.S.; Hallgren, M.;
Ponce De Leon, A.; Dunn, A.L.; Deslandes, A.C.; et al. Physical Activity and Incident Depres-sion: A Meta-
Analysis of Prospective Cohort Studies. Am. J. Psychiatry 2018, 175, 631-648. doi:
https://doi.org/10.1176/appi.ajp.2018.17111194

24. K. Kruger, F.C. Mooren, C. Pilat The immunomodulatory effects of physical activity Curr
Pharmaceut Des, 22 (24) (2016), pp. 3730-3748 doi:
https://doi.org/10.2174/1381612822666160322145107

25. Z. Radak, A.W. Taylor, H. Ohno, et al. Adaptation to exercise-induced oxidative stress: from
muscle to brain Exerc Immunol Rev, 7 (2001), pp. 90-107 doi: https://doi.org/10.1007/s004210000352
26. A. Kandola, G. Ashdown-Franks, J. Hendrikse, et al. Physical activity and depression: towards
understanding the antidepressant mechanisms of physical activity Neurosci Biobehav Rev, 107 (2019),
pp. 525-539 doi: https://doi.org/10.1007/s004210000352

27. H. Boecker, T. Sprenger, M.E. Spilker, et al. The runner's high: opioidergic mechanisms in the
human brain Cerebr Cortex, 18 (11) (2008), pp. 2523-2531 doi: https://doi.org/10.1093/cercor/bhn013
28. Tavakol, Z., Ghannadi, S., Tabesh, M.R. et al. Relationship between physical activity, healthy
lifestyle and COVID-19 disease severity; a cross-sectional study. J Public Health (Berl.) (2021).

https://doi.org/10.1007/s10389-020-01468-9


https://doi.org/10.1177/2042018819888824
https://doi.org/10.1073/pnas.1110105108
https://doi.org/10.1002/cne.23171
https://doi.org/10.1002/jmv.25728
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1016/j.jad.2016.10.028
https://doi.org/10.1176/appi.ajp.2018.17111194
https://doi.org/10.2174/1381612822666160322145107
https://doi.org/10.1007/s004210000352
https://doi.org/10.1007/s004210000352
https://doi.org/10.1093/cercor/bhn013
https://doi.org/10.1007/s10389-020-01468-9

29. Mark H, Mika K, Catharine RG, G. David Batty (2020) Lifestyle risk factors, inflammatory
mechanisms, and COVID-19 hospitalization: a community-based cohort study of 387,109 adults in UK.
Brain Behav Immun 87:184—187. https://doi.org/10.1016/.bbi.2020.05.059

30. Halabchi F et al (2020) Regular sports participation as a potential predictor of better clinical
outcome in adult patients with COVID-19: a large cross-sectional study. J Phys Act Health 1-5.
https://doi.org/10.1123/jpah.2020-0392

31. Fearnbach SN, Flanagan EW, Hochsmann C, et al. Factors Protecting against a Decline in Physical
Activity during the COVID-19 Pandemic. Medicine and Science in Sports and Exercise. 2021
Jul;53(7):1391-1399. DOI: https://doi.org/10.1249/mss.0000000000002602

32. Wilke J, Mohr L, Tenforde AS, Edouard P, Fossati C, Gonzalez-Gross M, et al. A Pandemic within
the Pandemic? Physical Activity Levels Substantially Decreased in Countries Affected by COVID-19.
International Journal of Environmental Research and Public Health [Internet]. 2021 Feb 24;18(5):2235.
Available from: http://dx.doi.org/10.3390/ijerph18052235

33. Castaiieda-Babarro A, Arbillaga-Etxarri A, Gutiérrez-Santamaria B, Coca A. Physical Activity
Change during COVID-19 Confinement. International Journal of Environmental Research and Public
Health [Internet]. 2020 Sep 21;17(18):6878. Available from:
http://dx.doi.org/10.3390/ijerph17186878

34. H. Amini, A. Isanejad, N. Chamani, F. Movahedi-Fard, F. Salimi, M. Moezi, S. Habibi, Physical
activity during COVID-19 pandemic in the Iranian population: A brief report, Heliyon, Volume 6, Issue
11, 2020, e05411, ISSN 2405-8440, doi: https://doi.org/10.1016/j.heliyon.2020.e05411

35. Leandy Bertrand, Keely A. Shaw, Jongbum Ko, Dalton Deprez, Philip D. Chilibeck, and Gordon A.
Zello. The impact of the coronavirus disease 2019 (COVID-19) pandemic on university students’ dietary
intake, physical activity, and sedentary behaviour. Applied Physiology, Nutrition, and Metabolism.
46(3): 265-272. https://doi.org/10.1139/apnm-2020-0990

36. Eduardo LC — Felipe FR. Studies of Physical Activity and COVID-19 During the Pandemic: A
Scoping Review. In Journal of Physical Activity and Health. 2020 Nov 3;17(12):1275-1284. Available
from: https://doi.org/10.1123/jpah.2020-0406

37. Salman D, Vishnubala D, Le Feuvre P, Beaney T, Korgaonkar J, Majeed A et al. Returning to
physical activity after covid-19 BMJ 2021; 372 :m4721 doi: https://doi.org/10.1136/bmj.m4721

38. World Health Organization Global Strategy on Diet, Physical Activity and Health (2011)
https://www.who.int/dietphysicalactivity/publications/physical-activity-recommendations-5-
17years.pdf?ua&amp;equals;1

39. S. Norton, F.E. Matthews, D.E. Barnes, et al. Potential for primary prevention of Alzheimer's
disease: an analysis of population-based data Lancet Neurol, 13 (2014), pp. 788-794 doi:

https://doi.org/10.1016/51474-4422(14)70136-X


https://doi.org/10.1016/j.bbi.2020.05.059
https://doi.org/10.1123/jpah.2020-0392
https://doi.org/10.1249/mss.0000000000002602
http://dx.doi.org/10.3390/ijerph18052235
http://dx.doi.org/10.3390/ijerph17186878
https://doi.org/10.1016/j.heliyon.2020.e05411
https://doi.org/10.1139/apnm-2020-0990
https://doi.org/10.1123/jpah.2020-0406
https://doi.org/10.1136/bmj.m4721
https://www.who.int/dietphysicalactivity/publications/physical-activity-recommendations-5-17years.pdf?ua&amp;equals;1
https://www.who.int/dietphysicalactivity/publications/physical-activity-recommendations-5-17years.pdf?ua&amp;equals;1
https://doi.org/10.1016/S1474-4422(14)70136-X

40. Barker-Davies RM, O’Sullivan O, Senaratne KPP, et al. The Stanford Hall consensus statement
for post-COVID-19 rehabilitation. Br J Sports Med2020;54:949-59. doi:
https://doi.org/10.1136/bjsports-2020-102596

41. Liska D, Andreansky M. Rehabilitation and physical activity for COVID-19 patients in the post
infection period. Bratisl Lek Listy. 2021;122(5):310-314. doi: https://doi.org/10.4149/BLL_2021_052
42. Rutkowska, A., Kacperak, K., Rutkowski, S., Cacciante, L., Kiper, P., & Szczegielniak, J. (2021). The
impact of isolation due to covid-19 on physical activity levels in adult students. Sustainability
(Switzerland), 13(2), 1-9. do0i:10.3390/su13020446

43.  Stverakova, T., Jacisko, J., Busch, A., Safafova, M., KolaF, P., & Kobesova, A. (2021). The impact
of COVID-19 on physical activity of czech children. PLoS ONE, 16(7 luly)
doi:10.1371/journal.pone.0254244

44. Liska, D., Barcalova, M., Liptakova, E., Janc¢okov3, L., Vojtasko, L., & Gurin, D. (2021). The level of
physical activity of university students in slovakia during COVID - 19 pandemic. Pedagogy of Physical
Culture and Sports, 25(5), 305-312. doi:10.15561/26649837.2021.0505

:***** Co-funded by
U the European Union

“Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or Slovak Academic Association for International
Cooperation. Neither the European Union nor the granting authority can be held responsible for them.”


https://doi.org/10.1136/bjsports-2020-102596
https://doi.org/10.4149/BLL_2021_052

