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Abstract

Öz

Physical activity is important in the prevention and treatment of
Coronavirus disease-2019 (COVID-19). There is a strong relationship
between increased physical activity and improved general health during
COVID-19 pandemic. Moderate aerobic exercises may be more beneficial
than the exhausting exercises due to the post-COVID-19 syndromes or
long-COVID. Regular program of aerobic exercise for 20-60 minutes in
the form of cycling or walking with an intensity of moderate in repeated
2-3 sessions/week could safely enhance immune functions. The aim
of this review is to highlight the recommendation to support exercise
activities in the post COVID-19 period.

Koronavirüs hastalığı-2019’un (COVID-19) önlenmesi ve tedavisinde
fiziksel aktivite önemlidir. COVID-19 salgını sırasında fiziksel aktivite
ile genel sağlığın iyileşmesi arasında güçlü bir ilişki vardır. COVID-19
sonrası veya uzun süreli COVID-19 sendromlarında orta düzeyde aerobik
egzersizler yorucu egzersizlerden daha faydalıdır. Haftada 2-3 kere
tekrarlanan, orta düzeyde, bisiklet veya yürüyüş şeklinde 20-60 dakikalık
düzenli aerobik egzersiz programı bağışıklık fonksiyonlarını güvenli bir
şekilde iyileştirebilir. Bu derlemenin amacı, COVID-19 sonrası dönemde
egzersiz aktivitelerinin desteklenmesi önerisini vurgulamaktır.
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Introduction
One of the most common challenges to body homeostasis
is not a disease but an everyday activity: Exercise. Exercise
comes in two major forms: Dynamic endurance exercises,
which are distance running and cycling, and resistance

Unidentified viral pneumonia cases were announced in
December 2019, in the city of Wuhan, Hubei province, China
(2). This unidentified virus extended all over the world in the
following weeks. It was announced that viral pneumonia was
a novel coronavirus [severe acute respiratory syndromecoronavirus-2 (SARS-COV-2)] by a research center in China,

training, which are weightlifting and strength training (1).

on January 7, 2020, later named Coronavirus disease-2019

These types of exercises have many different effects on

(COVID-19) by the World Health Organization (WHO) (3).

body systems, especially immune system, cardiovascular-

The COVID-19 pandemic has changed the living conditions

respiratory system, and muscle system.

of people and has had an unfavorable effect on many sectors
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in the economic, social, and commercial fields in many
fields such as health, education, industry, transportation,
tourism, and sports around the world. While COVID-19
may cause asymptomatic or mild infection with rapid
recovery, acute and permanent complications may occur
in some cases. Severe COVID-19 can potentially lead to an
extensive diversity of clinical disorders containing various
body systems, such as ongoing shortness of breath, heart
damage, pulmonary fibrosis, or embolism. Recovery
may be prolonged for survivors and some patients have a
long-term and debilitating illness, which lasts for up to 4
weeks. Quarantine and sedentary lifestyle has affected the
individual’s quality of life during the COVID-19 pandemic.
It is stated that the quarantine processes lead to a decrease
in individual’s physical activity and increase in unhealthy
nutrition. Supporting this information, many studies have
demonstrated that the physical activity levels of individuals
significantly decrease during the quarantine period, which
causes many health problems including cardiovascular,
respiratory neuromuscular function and depression.
Studies have shown that there is a strong relationship
between increased physical activity and improved general
health during COVID-19 pandemic (4).

Factors Causing Exercise Restrictions in COVID-19
Patients
COVID-19, immune responses and exercise: The effects
of exercise on the immune system have been extensively
studied in recent years. It is the main subject of research
whether exercise increases the resistance to infections by
improving the immune system, or whether it makes it easier
to catch infections by suppressing the immune system.
Different effects may occur in both innate and acquired
immunity. The effect of exercise on immune system
functions depends on many variables such as the intensity,
duration, severity of exercise and the physical fitness level
of the individual (5,6). The studies have suggested that
regular moderate-intensity exercise reduces the incidence
of infections such as common cold, while intense exercise
increases the ratio of upper respiratory tract infections,
and the severity of exercise increases the risk of upper
respiratory tract infections. In addition, regular moderateintensity exercise increases the resistance against upper
respiratory tract infections (7). While the immune system
functions increase with mild and moderate exercise,
strenuous exercise is one of the strongest types of stress
that suppresses the immune response. The immune system
is suppressed following intense prolonged exercise. Since
exhausting exercises will increase the secretion of cortisol
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from the hypothalamus-pituitary-adrenocortical axis, they
may have a suppressive effect on the immune system and
make the individual temporarily susceptible to infections
(8).
During aerobic exercises, there is an increase in the number
and functions of natural killer (NK) cells in our body (9).
However, immediately after a single acute short-term
and high-intensity exercise, the leukocyte concentration
increases, and this increase is mostly carried out by
neutrophils (10). The increase in the number of neutrophils
progresses after exercise. The increase in lymphocyte
concentration following prolonged exercise is almost twice
that after short-term exercise (11). NK cells and B-cells are
also suppressed after a single acute short-term and highintensity exercise. Moreover, vigorous exercise causes an
increase in circulating levels of cytokines such as interleukin
(IL)-1, IL-6, and tumor necrosis factor (TNF)-α (12).
In severe forms of COVID-19, diffuse alveolar and
interstitial inflammation occurs (13). While the rapid
immune response represents the defense of first line
against infection with the virus, the excessive inflammatory
response of innate immunity can lead to systemic tissue
damage. The infected immune system responds with a
cytokine storm and hyperinflammation which itself leads
to further multi-organ damage and even death. In other
words, the immune-mediated damage developed in these
patients is more harmful than the damage caused by the
virus (14). Laboratory findings of COVID-19 patients are
decreased or normal number of leukocytes and decreased
lymphocyte count (15). Coronavirus triggers the release of a
significant number of cytokines, which cause the activation
of the immune system, especially IL-6 and other acute
phase reactants (16). IL-6 receptors are expressed by almost
all immune cells and have a major role in the proliferation
and differentiation of immune cells. IL-6 is produced by
the stimulation of SARS-CoV-2 itself or other immune
cells. IL-6 is an important indicator of lung injury and
was significantly associated with an increase in C-reactive
protein, lactate dehydrogenase, ferritin and D-dimer levels.
There is a relationship between the levels of IL-6 and the
severity of COVID-19. The decrease in IL-6 level was related
to the effectiveness of the treatment and the improvement
of the disease, while the increase in IL-6 was associated
with the progression of the disease and worsening of the
clinical picture (17,18). Therefore, IL-6 level can be used as
an important biomarker for the monitoring of the disease in
severe COVID-19 cases. In a study, it was demonstrated that
the higher levels of IL-6 and systemic inflammation markers
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was associated with a poor prognosis and contributed to
mortality (19).
Exercise is also thought to stimulate the mitochondrial
biogenesis, thereby preventing severe forms of COVID-19
(20). Mitochondrial biogenesis is defined as the
development of existing mitochondria that responds to
metabolic, mechanical, and hypoxic stresses occurring
in myocytes and the adaptation of skeletal muscle to
exercise training. It has been suggested that muscle
mitochondrial biogenesis increases with regular exercise,
and this adaptation increases endurance performance in
individuals. Mitochondrial biogenesis, and the amount
and activity of oxidative proteins in mitochondria can be
reduced as a result of mitochondrial dysfunction (21). As
the infection progresses, redox-sensitive or redox-active
intracellular pathways triggered by SARS-CoV-2 can put the
reductive cycle into a process that makes it impossible to
continue at physiological levels, in this case, the cells remain
in an irreversible pathway, that is, in the oxidation clamp
characterized by destruction (22). Advanced inflammation
further provokes redox imbalance in favor of oxidation, and
all components of the cardiovascular system collapse (23).
COVID-19, cardiovascular responses and exercise: Many
studies have demonstrated the relationship between
cardiovascular diseases and exercise (24,25). Research
has shown that exercise has many benefits. These benefits
comprising raising plasma high-density lipoprotein (HDL)
cholesterol levels, decreasing plasma triglyceride levels,
and lowering blood pressure (26). High blood pressure is a
main risk factor for strokes, while elevated triglycerides and
low HDL-cholesterol levels are linked with the development
of atherosclerosis and increased risk of heart attack. It has
been shown that regular aerobic exercises also reduce
hypertension, which is one of the leading problems in the
world. Studies have demonstrated that regular exercise
lowers blood pressure in mild to moderate hypertension
(27). It has also been revealed that moderate-intensity
exercise can lower blood pressure more efficaciously than
high-intensity exercise (28).
COVID-19 infection can lead to cardiac arrhythmias,
myocarditis, and other cardiovascular complications,
with potentially fatal consequences. Pathophysiological
mechanisms of cardiac injury may include T-cell and
cytokine-mediated hyperinflammatory reaction, or direct
myocardial cell infection (29). Cardiac involvement may
also be associated with high expression of angiotensin
converting enzyme-2 (ACE-2). ACE-2 is a membrane
glycoprotein found in epithelial cells of many organs in

Kılıç et al.
Physiology of Exercise and Its Importance During COVID-19 Pandemic

the body, mainly in the heart, lungs, and kidneys, and is a
homolog of ACE. It catalyzes the conversion of angiotensin
(ANG)-2 to ANG-1-9 and ANG-1-7, respectively. Since the
SARS-CoV-2 spike protein binds to ACE-2 and enters the
cell, ACE-2 expression and/or polymorphism has been
shown to have an impact on susceptibility to SARS-CoV-2
infection and outcomes of COVID-19 disease (30,31). The
ACE-2 protein is a component of the renin-angiotensinsystem (RAS) as well as being a transmembrane receptor
for the virus. In a study, it was revealed that the binding of
SARS-CoV-2 to ACE-2 receptor decreased the immunity and
the anti-inflammatory action exerted by mitochondria (20).
Besides this information, many studies demonstrated the
relationship between ACE-2 levels and training. In a study, it
was suggested that high intensity interval exercise increased
plasma ACE-2 levels, while moderate intensity continuous
exercise increased the urinary concentration of ACE-2
(32). Klöting et al. (33) suggested that intensive physical
exercise induced ACE-2 expression in skeletal muscle but
led to lower circulating ACE-2 levels. That may be due to
the fact that intensive physical exercise caused hypoxia in
skeletal tissue and was involved in increased tissue ACE2 expression. Although its underlying mechanism is still
unclear, it is thought that high-intensity exercises increase
tissue ACE-2 levels which inhibits mitochondrial antiinflammatory function, while moderate-intensity exercises
increase plasma ACE-2 levels which prevent infection (20).

Exercise Recommendations for COVID-19 Patients
According to the WHO, a sedentary lifestyle is among the
main risk factors for deaths occurring all over the world. In
addition, it has been revealed that 150 minutes of physical
activity per week in adults and even individuals with chronic
diseases reduce the risk of ischemic heart disease by 30%,
the risk of type II diabetes by 27%, and the risk of breast and
colon cancer by 20-25% (34). However, moderate aerobic
exercises may be more beneficial than the exhausting
exercises due to the post-COVID-19 syndromes or longCOVID (35). Microorganisms, especially viruses, can enter
the body and cause infections when immunity is weakened
after high-intensity exercise (11). Therefore, light, and
moderate intensity exercise should be chosen especially
during this period. Even in recovering cases, a return to
vigorous physical exercise can develop heart damage and
suppress immune system, which can pose a health risk (36).
If there is not any structural damage and symptoms of
COVID-19, it is possible to return to exercise. Employees
in jobs that require intense physical activity should be
alert to the risks of cardiovascular and other complications
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from COVID-19 and provide specific inquiry for COVID-19
complications during return-to-work fitness assessments (37).

Conclusion
Regular exercise can reduce the dose of the drug used in
chronic diseases or eliminate the need for the drug. It
reduces the risk of heart disease and other chronic diseases.
It strengthens the immune system, reduces stress, helps to
lose weight, and strengthens the muscle and bone structure.
It increases one’s self-confidence. As a result of all these, it
increases the life span and quality of life of the individual.
Physical activity is important in the prevention and
treatment of COVID-19. For the post COVID-19 patients, it
may be beneficial to evaluate exercise capacity and it should
be supported to start previous exercise activities under the
control of sports physicians. In post COVID-19 period,
patients may follow a regular program of aerobic exercise
for 20-60 minutes in the form of cycling or walking with an
intensity of moderate, may be repeated 2-3 sessions/week.
Thus, it could safely enhance immune functions.

Ethics
Peer-review: Externally peer-reviewed.

Authorship Contributions
Concept: A.K., K.E., N.D., Design: A.K., K.E., N.D., Data
Collection or Processing: A.K., K.E., N.D., Analysis or
Interpretation: A.K., K.E., N.D., Literature Search: A.K., K.E.,
N.D., Writing: A.K., K.E., N.D.

Bagcilar Medical Bulletin,
Volume 7, Issue 2, June 2022

5. Tvede N, Kappel M, Halkjoer-Kristensen J, Galbo H, Pedersen
BK. The effect of light, moderate and severe bicycle exercise on
lymphocyte subsets, natural and lymphokine activated killer cells,
lymphocyte proliferative response and interleukin 2 production.
Int J Sports Med 1993;14(5):275-282.
6. Gleeson M. Immune function in sport and exercise. J Appl Physiol
(1985) 2007;103(2):693-639.
7. Martin SA, Pence BD, Woods JA. Exercise and respiratory tract viral
infections. Exerc Sport Sci Rev 2009;37(4):157-164.
8. Segerstrom SC, Miller GE. Psychological stress and the human
immune system: a meta-analytic study of 30 years of inquiry.
Psychol Bull 2004;130(4):601-630.
9. Gleeson M, Bishop NC. The T cell and NK cell immune response to
exercise. Ann Transplant 2005;10(4):43-48.
10. Llavero F, Alejo LB, Fiuza-Luces C, López Soto A, Valenzuela PL,
Castillo-García A, et al. Exercise training effects on natural killer
cells: a preliminary proteomics and systems biology approach.
Exerc Immunol Rev 2021;27:125-141.
11. Nieman DC, Wentz LM. The compelling link between physical
activity and the body’s defense system. J Sport Health Sci
2019;8(3):201-217.
12. Cerqueira É, Marinho DA, Neiva HP, Lourenço O. Inflammatory
effects of high and moderate intensity exercise-A systematic
review. Front Physiol 2020;10:1550.
13. Carsana L, Sonzogni A, Nasr A, Rossi RS, Pellegrinelli A, Zerbi P, et
al. Pulmonary post-mortem findings in a series of COVID-19 cases
from northern Italy: a two-centre descriptive study. Lancet Infect
Dis 2020;20(10):1135-1140.
14. Yazdanpanah F, Hamblin MR, Rezaei N. The immune system and
COVID-19: Friend or foe? Life Sci 2020;256:117900.
15. Mardani R, Vasmehjani AA, Zali F, Gholami A, Nasab SDM,
Kaghazian H, et al. Laboratory parameters in detection of
COVID-19 patients with positive RT-PCR; a diagnostic accuracy
study. Arch Acad Emerg Med 2020;8(1):e43.

Conflict of Interest: No conflict of interest was declared by
the authors.

16. Costela-Ruiz VJ, Illescas-Montes R, Puerta-Puerta JM, Ruiz C,
Melguizo-Rodríguez L. SARS-CoV-2 infection: The role of cytokines
in COVID-19 disease. Cytokine Growth Factor Rev 2020;54:62-75.

Financial Disclosure: The authors declared that this study
received no financial support.

17. Liu T, Zhang J, Yang Y, Ma H, Li Z, Zhang J, et al. The role of
interleukin-6 in monitoring severe case of coronavirus disease
2019. EMBO Mol Med 2020;12(7):e12421.

References

18. Shah VK, Firmal P, Alam A, Ganguly D, Chattopadhyay S. Overview
of immune response during SARS-CoV-2 infection: lessons from
the past. Front Immunol 2020;11:1949.

1. Yang Z, Scott CA, Mao C, Tang J, Farmer AJ. Resistance exercise
versus aerobic exercise for type 2 diabetes: a systematic review and
meta-analysis. Sports Med 2014;44(4):487-499.
2. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission
dynamics in Wuhan, China, of novel coronavirus-infected
pneumonia. N Engl J Med 2020;382(13):1199-1207.
3. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel
coronavirus from patients with pneumonia in China, 2019. N Engl
J Med 2020;382(8):727-733.
4. Faulkner J, O'Brien WJ, Stuart B, Stoner L, Batten J, Wadsworth
D, et al. Physical activity, mental health and wellbeing of adults
within and during the easing of COVID-19 restrictions, in the
United Kingdom and New Zealand. Int J Environ Res Public Health
2022;19(3):1792.

88

19. Donoso-Navarro E, Arribas Gómez I, Bernabeu-Andreu FA. IL-6
and other biomarkers associated with poor prognosis in a cohort of
hospitalized patients with COVID-19 in Madrid. Biomark Insights
2021;16:11772719211013363.
20. Hagiu BA. Moderate exercise may prevent the development of
severe forms of COVID-19, whereas high-intensity exercise may
result in the opposite. Med Hypotheses 2021;157:110705.
21. Elfawy HA, Das B. Crosstalk between mitochondrial dysfunction,
oxidative stress, and age related neurodegenerative disease:
Etiologies and therapeutic strategies. Life Sci 2019;218:165-184.
22. Forcados GE, Muhammad A, Oladipo OO, Makama S, Meseko
CA. Metabolic implications of oxidative stress and inflammatory
process in SARS-CoV-2 pathogenesis: Therapeutic potential of
natural antioxidants. Front Cell Infect Microbiol 2021;11:654813.

Bagcilar Medical Bulletin,
Volume 7, Issue 2, June 2022

23. García N, Zazueta C, Aguilera-Aguirre L. Oxidative stress and
inflammation in cardiovascular disease. Oxid Med Cell Longev
2017;2017:5853238.
24. Ho SS, Dhaliwal SS, Hills AP, Pal S. The effect of 12 weeks of aerobic,
resistance or combination exercise training on cardiovascular risk
factors in the overweight and obese in a randomized trial. BMC
Public Health 2012;12:704.
25. Schroeder EC, Franke WD, Sharp RL, Lee DC. Comparative
effectiveness of aerobic, resistance, and combined training on
cardiovascular disease risk factors: A randomized controlled trial.
PLoS One 2019;14(1):e0210292.
26. Ferguson MA, Alderson NL, Trost SG, Essig DA, Burke JR,
Durstine JL. Effects of four different single exercise sessions on
lipids, lipoproteins, and lipoprotein lipase. J Appl Physiol (1985)
1998;85(3):1169-1174.
27. Kruk PJ, Nowicki M. Effect of the physical activity program on the
treatment of resistant hypertension in primary care. Prim Health
Care Res Dev 2018;19(6):575-583.
28. Clark T, Morey R, Jones MD, Marcos L, Ristov M, Ram A, et al.
High-intensity interval training for reducing blood pressure: a
randomized trial vs. moderate-intensity continuous training in
males with overweight or obesity. Hypertens Res 2020;43(5):396403.
29. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji
MY, et al. Recognizing COVID-19–related myocarditis: The
possible pathophysiology and proposed guideline for diagnosis
and management. Heart Rhythm 2020;17(9):1463-1471.

Kılıç et al.
Physiology of Exercise and Its Importance During COVID-19 Pandemic

31. Devaux CA, Rolain JM, Raoult D. ACE2 receptor polymorphism:
Susceptibility to SARS-CoV-2, hypertension, multi-organ failure,
and COVID-19 disease outcome. J Microbiol Immunol Infect
2020;53(3):425-435.
32. Magalhães DM, Nunes-Silva A, Rocha GC, Vaz LN, de Faria MHS,
Vieira ELM, et al. Two protocols of aerobic exercise modulate the
counter-regulatory axis of the renin-angiotensin system. Heliyon
2020;6(1):e03208.
33. Klöting N, Ristow M, Blüher M. Effects of exercise on ACE2. Obesity
(Silver Spring) 2020;28(12):2266-2267.
34. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon
G, et al. World Health Organization 2020 guidelines on physical
activity and sedentary behaviour. Br J Sports Med 2020;54(24):14511462.
35. Lindsay RK, Wilson JJ, Trott M, Olanrewaju O, Tully MA, LópezSánchez GF, et al. What are the recommendations for returning
athletes who have experienced long term COVID-19 symptoms?
Ann Med 2021;53(1):1935-1944.
36. Clemente-Suárez VJ, Beltrán-Velasco AI, Ramos-Campo DJ,
Mielgo-Ayuso J, Nikolaidis PA, Belando N, et al. Physical activity
and COVID-19. The basis for an efficient intervention in times of
COVID-19 pandemic. Physiol Behav 2022;244:113667.
37. Alawna M, Amro M, Mohamed AA. Aerobic exercises
recommendations and specifications for patients with COVID-19:
A systematic review. Eur Rev Med Pharmacol Sci 2020;24(24):1304913055.

30. Chen F, Zhang Y, Li X, Li W, Liu X, Xue X. The impact of ACE2
polymorphisms on COVID-19 disease: Susceptibility, severity, and
therapy. Front Cell Infect Microbiol 2021;11:753721.

89

