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Abstract

:

Coronavirus (COVID-19) is a dangerous infectious disease that is easily transmitted and which is called an acute respiratory syndrome. With the spread of the coronavirus around the world and its epidemic among humans, we are losing many humans. The long process of treatment in hospitalized patients who are receiving intensive care and medication is associated with physical weakness. It has been suggested that lifelong exercise can create a safe margin for a person that allows them to avoid becoming infected with the virus. The current study was conducted to assess the effects of low-intensity exercise and breathing exercises on cardiorespiratory responses and physical status in an overweight 20-year-old woman infected with COVID-19. The patient was referred to Hazrat Ali Ibn Abitaleb Hospital in Rafsanjan. The patient had initial symptoms of coronavirus including weakness, shortness of breath, fever, and chills, and the initial tests confirmed that the person was infected with the coronavirus. Although COVID-19 reduces respiration and blood oxygen and severely reduces movement and physical activity, low-intensity rehabilitation and breathing exercises along with medication can improve blood oxygen status, resting heart rate, blood pressure, and hand power status in patients and possibly speeding up the healing process. The results of the present study show that low-intensity exercise and breathing exercises in patients with COVID-19, whose disease severity is mild to moderate, can be performed safely under the supervision of their physicians to prevent the disease process.
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1. Introduction


The epidemic of COVID-19, or acute respiratory syndrome, has spread rapidly worldwide, affecting the respiratory system and weakening the immune system, causing many deaths. The virus caused one of the biggest health crises in the world. It has been shown that viral infections, especially COVID-19, are increasing rapidly in overweight and obese people and that these patients are likely to experience a more severe course of the disease [1,2]. It has also been found that overweight and obese patients do not accurately report respiration and blood pressure. Research shows that lung volume decreases as people gain extra weight, which can cause impairments to their respiratory function [3]. Also, some of the other problems that occur with weight gain are blood pressure problems [4].



Furthermore, due to the fact that patients with COVID-19 suffer from severe motor loss, it is possible that they can suffer from muscle atrophy and physical impairment after medical treatments. Patients with COVID-19 have also been reported to experience severe fatigue and weakness in the muscles of the legs and arms when they develop the coronavirus disease [5]. This fatigue thus leads to limited movement and loss of muscle function [6]. Skeletal muscle is associated with the immune system and it has been shown that skeletal muscle regeneration works in the same direction as the immune system. In this process of atrophy, skeletal muscle can disrupt the immune system [7]. It has been reported that moderate-intensity exercise training can be an effective way to prevent severe cases of COVID-19 [8,9]. However, moderate physical exercise activities induce some cytokines and physiological responses that are probably not a good option during infection with COVID-19 [10]. It has been shown that low-intensity, short-term physical exercise does not cause significant changes in immunological and physiological responses [11]. In this regard, a study conducted on the rehabilitation of patients with COVID-19 found that low-intensity exercise could improve their respiratory and motor status. The mentioned study estimated the activity time in rehabilitation to be less than 20 min [12].



Rehabilitation exercise in patients may be effective in preventing muscle atrophy or at least its rapid progression. However, to the best of our knowledge, the effects of physical exercise during medical treatment on hospitalized COVID-19 patients have not been assessed in any study. Due to time and movement limitations in this type of patient, low-intensity exercise, as well as breathing exercises, could be effective solutions [3]. Therefore, this study was conducted to assess the effects of low-intensity, short-term physical exercise during hospitalized time on blood oxygen status, resting heart rate, blood pressure, and hand power status in an overweight patient with COVID-19.




2. Materials and Methods


2.1. Patient Introduction and Initial Conditions


In the present case study, a 20-year-old woman with a body mass index (BMI) of 29 (overweight) from Rafsanjan, who did not have symptoms of diseases such as diabetes or cardiovascular disease, nor any allergies, and who was not using therapeutic pills, came to Hazrat Ali Ibn Abitaleb Hospital. The patient felt a weakness in her legs in the early hours of 2/3/2021, felt cold at 1 pm, and suffered from a severe migraine at night. The next day, the patient was shivering in the early hours of the morning and experienced a high fever at 4 pm. The patient had a high fever and chills in the night and could not rest until the morning because of this. The next day, the patient experienced initial shortness of breath, which changed when moving from lying down to squatting. The patient endured this condition until she went to the hospital due to severe shortness of breath, fever, and severe chills. When the patient went to the hospital and the initial tests were examined, the patient’s blood oxygen was 76. Therefore, the doctor ordered a CT scan of the lungs (Figure 1). After that, part of the right lung and part of the left lung were determined to be involved in the COVID-19 onset. As a result, the person was admitted to the women’s ward.




2.2. Ethical Considerations


Informed consent was obtained from the patient in this study and the exercise protocol was performed. All the steps and training protocols were explained accurately and in detail to the patient in a consent form, using simple and honest language, along with the standard treatments in the hospital, and finally the patient signed and approved the consent form. Ethical approval for this project was obtained from the Research Institute of Physical Education and Sports Sciences (Research Ethics Committee) with the number IR.SSRC.REC.1400.021.




2.3. Exercise Protocol


The exercise protocol lasted three days and included nine training sessions in the morning, evening, and night. The first session on the first day was performed in such a way that the patient sat on the bed with hands placed in the desired position next to the body, as if moving the forearm with a dumbbell or a barbell. In this movement, both hands hang next to the body and, through practice, the two hands are bent from the elbow and then returned to the original position. This movement was done in three sets with ten repetitions. The practitioner placed both hands on the patient’s wrist and the patient tried to bend her hands against the resistance of the practitioner. In the next exercise, the patient sat on the bed with the edge of the bed below the knees (as in the leg extension movement). In this movement, the practitioner put her two hands on the ankle and then the patient straightened her knee against the resistance of the practitioner’s hand and counted. After a pause of 1 s, she returned to the original position. This move was done in three sets with ten repetitions. Furthermore, the Borg scale (1 to 10) was used to evaluate the intensity of the exercise and the intensity of the exercise was controlled to be with the values of 1 to 3.



Finally, the patient’s last exercise included the isometric exercise of the upper torso and lower torso muscles. The patient was asked to contract the upper torso muscles for 10 s and then the lower torso muscles for 10 s. The patient was asked to perform this movement with her maximum power. The movement was performed in three sets with ten repetitions. The patient rested for 3 min between each set and for 3–5 min after each exercise, and the movement began with the announcement of readiness. Furthermore, because it was difficult for the patient to perform the breathing process without a mask, an oxygen mask was used in all stages of the exercise.



The second training session of the first day, which was performed in the evening, included breathing exercises. First, because it was difficult for the patient to breathe without an oxygen mask, breathing exercises were performed using an oxygen mask. Breathing exercises included deep breathing through the nose and, after a 3 s pause with air in the chest, breathing out of the mouth. This movement was performed in five sets. The exercise was stopped whenever the patient felt pain in the chest.



The third session of the first day was in the evening shift and was the same as the morning exercise protocol but with the difference that the repetition of resistance exercises was increased to 12 repetitions. Furthermore, the isometric contraction time increased to 12 s. Finally, the patient’s blood oxygen was checked and recorded after the last session of training on the first day. The training protocol of the second day was the same as the first day, with the difference that the number of repetitions in the morning exercises increased to 14 repetitions and the pause time for the breathing exercises in the evening to 5 s, while the night exercises were increased to 16 repetitions and the isometric contraction time to 16 s. Furthermore, on the second day, the patient’s blood oxygen was checked and recorded for the patient.



On the third day, in the morning, the number of repetitions was increased to 16 repetitions and the isometric contraction time to 16 s; in the evening shift, the pause time for the breathing exercises was increased to 7 s, the repetitions were increased to 18 repetitions, and the isometric contraction time to 18 s. Then, after resting, the patient’s blood oxygen was checked and recorded. Due to cardiorespiratory conditions and high fatigue in COVID-19 patients, the total training time in each shift was short (<20 min) [7]. Also, the patient’s symptoms were measured constantly and the exercise was stopped in consultation with the physician if symptoms were intensified or the patient felt discomfort. Further, to ensure the patient could breathe easily during the exercise, the oxygen mask was not removed during the movements.



The hand power status was measured with a dynamometer every day [7]. Finally, after three days of training, the patient’s blood oxygen increased. The researchers were sensitive to the patient’s symptoms and the exercise protocol was stopped whenever a physician judged it to be necessary. The patient showed gastrointestinal problems (heartburn) and the exercise protocol was stopped by the physician on the fourth day. The patient stated that on the days she was exercising, she slept comfortably.




2.4. Medications Taken by the Patient during Treatment


The patient used corticosteroids (dexamethasone 4 mL Bd), antibiotics (Vancomycin, Ceftriaxone, and Azithromycin), and antiviral drugs (Remdesivir) during the treatment.





3. Results


The results indicated that, after performing the exercise protocol, blood oxygen levels increased and heart rate and blood pressure returned to normal (Table 1). Patients with COVID-19 lose their muscle strength and this causes movement limitation; the exercise protocol described was able to increase hand strength in a patient suffering from these limitations. Leg muscle strength was not measured in this study but the patient stated that she could get out of the hospital bed and walk. She also said she felt fewer tremors and less weakness in her arms and legs. The results show that low-intensity, short-term exercises were able to prevent the patient from losing muscle strength. Furthermore, to be able to go to the bathroom from the hospital bed, the patient must remove the oxygen mask and move to the bathroom; on the first day, the patient felt very short of breath after doing this but, after exercising on the third day, the person felt less short of breath. This indicates the positive effect of breathing exercises.




4. Discussion


In the present study, a 20-year-old overweight patient with COVID-19 was able to respond positively after performing exercises. Upper respiratory tract infections (URTIs), such as coughs, colds, flu, sinusitis, tonsillitis, sore throats, and middle ear infections, are among the most common illnesses in all ages. Furthermore, it has been found that people who are obese or overweight are more prone to infectious diseases, especially respiratory diseases [1,2]. Coronavirus can severely affect the body’s immune system and many tissues, especially the lungs, by creating a cytokine storm in the body [10]. According to several reports, the lungs are exposed to the virus in people with COVID-19 and are completely deprived of movement in acute patients. However, in patients with moderate lung involvement, refereeing and short-term exercises can be a good solution.



The beneficial effects of exercise activities on various physiological responses, including the cardiovascular system, nervous system, metabolic system, etc., have been confirmed in many studies [13,14]. It is not possible to recommend moderate-intensity exercise activities to patients with COVID-19. However, it has been reported that one of the most effective intensities for increasing endorphins and reducing stress during exercise is moderate intensity, as regular exercise training can modulate some stress hormones and immunity [12]. Moderate exercise increases stress hormones, such as cortisol levels, which can suppress the immune function in a short time [15,16]. Moreover, people with COVID-19 are in a special condition, so low-intensity isometric exercises should be considered.



In the current study, the exercises included breathing exercises. The patient was able to perform breathing exercises using an oxygen mask. Therefore, it is recommended to have an oxygen mask when performing breathing exercises with patients with COVID-19.



In the study by Piquet et al. (2021) on rehabilitation time in patients with COVID-19, the researchers included two sessions of exercise in their rehabilitation program (with a researcher-made protocol). The first exercise program was intended to strengthen the overall movement related to body weight. In another part of the program, respiratory rehabilitation exercises including controlled diaphragmatic breathing were accompanied by breathing time and exhalation. Finally, the researchers stated that 10 days in the hospital using the exercise program could improve motor rehabilitation and functional outcomes [7]. The researchers also showed that mobility improved in these patients, which confirms the results of the present study.



With regard to the limitations of the research in the present study, the lack of a control group and the lack of control over drugs should be mentioned. Therefore, for future research proposals, researchers are advised to attend to these two limitations in their studies. Also, studies on the immunological and inflammatory changes of these patients during exercise could be considered in the future [17].




5. Conclusions


Our results proved that low-intensity physical exercises along with respiratory movements had no side effects for the patient during the treatment and probably accelerated the treatment process. Therefore, the applied exercise protocol can be considered for patients whose disease is not severe and who do not need to be admitted to the ICU. Also, the breathing exercises led by the practitioner were able to help improve the patient’s breathing condition [9]. Breathing and rehabilitation exercises must be done using an oxygen mask so that the patient does not suffer from hypoxia.







Author Contributions


A.H.A.H. undertook the scientific work and wrote the manuscript; M.M.S. was responsible for supervision, conceptualization, and writing—reviewing and editing, Z.S.Z.A. was the physician and was in charge of supervision; K.S. made some additions to the text, revised the manuscript, and approved the final version. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Research Center of Tarbiat Modares University (TMU).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Research Institute of Physical Education and Sports Sciences (Research Ethics Committee) with the number IR.SSRC.REC.1400.021.




Informed Consent Statement


Informed consent was obtained from the subject involved in the study.




Data Availability Statement


All data generated and analyzed during this study are included in this manuscript.




Acknowledgments


The staff and director of Ali Ibn Abi Talib Hospital in Rafsanjan are thanked and appreciated.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Chou, R.; Dana, T.; Buckley, D.I.; Selph, S.; Fu, R.; Totten, A.M. Epidemiology of and risk factors for coronavirus infection in health care workers: A living rapid review. Ann. Intern. Med. 2020, 173, 120–136. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, Y.; Chi, J.; Lv, W.; Wang, Y. Obesity and diabetes as high-risk factors for severe coronavirus disease 2019 (Covid-19). Diabetes Metab. Res. Rev. 2021, 37, e3377. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, P.D. Obesity and its impact on the respiratory system. Paediatr. Respir. Rev. 2014, 15, 219–226. [Google Scholar] [CrossRef] [PubMed]

	



Tanaka, M. Improving obesity and blood pressure. Hypertens. Res. 2019, 43, 79–89. [Google Scholar] [CrossRef] [PubMed]

	



Powers, S.K.; Lynch, G.S.; Murphy, K.T.; Reid, M.B.; Zijdewind, I. Disease-Induced Skeletal Muscle Atrophy and Fatigue. Med. Sci. Sports Exerc. 2016, 48, 2307–2319. [Google Scholar] [CrossRef] [PubMed]

	



Islam, M.F.; Cotler, J.; Jason, L.A. Post-viral fatigue and COVID-19: Lessons from past epidemics. Fatigue: Biomed. Health Behav. 2020, 8, 61–69. [Google Scholar] [CrossRef]

	



Tidball, J.G. Regulation of muscle growth and regeneration by the immune system. Nat. Rev. Immunol. 2017, 17, 165–178. [Google Scholar] [CrossRef] [PubMed]

	



Ahmadihekmatikar, A.; Molanouri, M. Prevalence of Coronavirus (Covid 19) in Iran and the Effects of Exercise on the Body Along with Health Protocols: A Review Study. J. Arak Univ. Med. Sci. 2020, 23, 584–603. [Google Scholar]

	



Khoramipour, K.; Basereh, A.; Hekmatikar, A.A.; Castell, L.; Ruhee, R.T.; Suzuki, K. Physical activity and nutrition guidelines to help with the fight against COVID-19. J. Sports Sci. 2021, 39, 101–107. [Google Scholar] [CrossRef] [PubMed]

	



Drela, N.; Kozdron, E.; Szczypiorski, P. Moderate exercise may attenuate some aspects of immunosenescence. BMC Geriatr. 2004, 4, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Neves, P.R.D.S.; Tenório, T.R.D.S.; Lins, T.A.; Muniz, M.T.C.; Pithon-Curi, T.C.; Botero, J.P.; Prado, W.L.D. Acute effects of high- and low-intensity exercise bouts on leukocyte counts. J. Exerc. Sci. Fit. 2015, 13, 24–28. [Google Scholar] [CrossRef] [PubMed]

	



Piquet, V.; Luczak, C.; Seiler, F.; Monaury, J.; Martini, A.; Ward, A.B.; Gracies, J.-M.; Motavasseli, D.; Lépine, E.; Chambard, L.; et al. Do Patients With COVID-19 Benefit from Rehabilitation? Functional Outcomes of the First 100 Patients in a COVID-19 Rehabilitation Unit. Arch. Phys. Med. Rehabil. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Warburton, D.E.; Nicol, C.W.; Bredin, S.S. Health benefits of physical activity: The evidence. Can. Med. Assoc. J. 2006, 174, 801–809. [Google Scholar] [CrossRef] [PubMed]

	



Suzuki, K. Chronic Inflammation as an Immunological Abnormality and Effectiveness of Exercise. Biomolecules 2019, 9, 223. [Google Scholar] [CrossRef] [PubMed]

	



Jones, A.W.; Davison, G. Exercise, Immunity, and Illness. In Muscle and Exercise Physiology; Elsevier: Amsterdam, The Netherlands, 2019; pp. 317–344. [Google Scholar] [CrossRef]

	



Suzuki, K.; Hayashida, H. Effect of Exercise Intensity on Cell-Mediated Immunity. Sports 2021, 9, 8. [Google Scholar] [CrossRef] [PubMed]

	



Suzuki, K.; Tominaga, T.; Ruhee, R.T.; Ma, S. Characterization and Modulation of Systemic Inflammatory Response to Exhaustive Exercise in Relation to Oxidative Stress. Antioxidants 2020, 9, 401. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 05882 g001 550] 





Figure 1. Lung involvement on the first day. 
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Table 1. Results for the factors involved in COVID-19 after the training protocol.






Table 1. Results for the factors involved in COVID-19 after the training protocol.





	
Day

	
Blood Oxygen Status

	
Respiration

	
Resting Heart Rate

	
Blood Pressure (Resting)

	
Hand Power Status (Dynamometer)




	
Number of Breaths Per Minute

	
Systolic

	
Diastolic






	
First day

	
79

	
19

	
110

	
110

	
70

	
Two right hand attempts and one left hand attempt




	
Second day

	
84

	
18

	
95

	
111

	
60

	
Two right hand attempts and two left hand attempts




	
Third day

	
88

	
16

	
92

	
120

	
80

	
Three right hand attempts and three left hand attempts
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