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Introduction: COVID-19 disease has become a comprehensive world issue and has 
been declared a significant threat to global health. Interleukin-6 (IL-6) is an important 
inflammatory marker and one of the triggers of the cytokine storm in COVID-19, where 
increased levels can be an independent predictor of COVID-19 mortality. This study 
aimed to observe the effect of upper arm and breathing exercises on IL-6 levels in 
severe COVID-19 patients. 
Methods: The study design was quasi-experimental, with blood tests conducted before 
and after the examination. A total of 20 patients with confirmed COVID-19 were 
involved, divided into intervention and control groups. 
Results: Blood tests to determine baseline IL-6 levels were performed in all patients. 
Patients from the intervention group were given upper arm and breathing exercises for 
ten days, twice a day, via video tutorials on mobile phones, while patients from the 
control group did not receive any exercises. Patients from the intervention group 
obtained mean pre- and post-exercise IL-6 levels of 42.38 ± 48.48 and 16.78 ± 18.29, 
respectively (p = 0.005).  
Conclusion: Upper arm and breathing exercises showed significant changes in IL-6 
levels in severe COVID-19 patients. 
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INTRODUCTION 
 

China's Wuhan was the origin of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
late 2019. Since then, the virus has spread rapidly 
throughout the world and has become a global health 
threat. The disease that causes pneumonia infection, 
known as coronavirus disease 2019 (COVID-19), poses 
a significant danger to global health.1 COVID-19 can 
trigger a cytokine storm in lung tissue through 
hyperactivation of the immune system and unregulated 
release of cytokines.2 The term “cytokine storm” is a 
description of a variety of conditions that can lead to 
multi-organ failure and death. 

The increase in pro-inflammatory cytokines in 
COVID-19 patients, such as interleukin-6 (IL-6), 
triggers inflammatory cell infiltration in lung tissues, 
which can damage the lung endothelium and its 
surroundings. IL-6 is an important inflammatory marker 
that can trigger a cytokine storm and is routinely 
checked in COVID-19 cases. Elevated IL-6 levels can 
be identified as an independent predictor of death from 
COVID-19.3–5 A study in 2020 on the effects of upper 
arm and breathing exercises in chronic obstructive 
pulmonary disease (COPD) patients showed that a short-
term combination of arms training and pursed-lip 
breathing had a positive impact on forced vital capacity 
(FVC), functional capacity, dyspnea scale, and quality 
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of life.6 These exercises can also be given independently 
to COVID-19 patients. Upper arm and breathing 
exercises can improve chest expansion, strengthen 
respiratory muscles, reduce sputum accumulation, and 
increase respiratory capacity. Breathing exercises also 
help reduce inflammation in respiratory tracts and 
lungs.7,8  Several studies designing exercise strategies 
for SARS patients have been conducted and published. 
Skeletal muscle contraction stimulates the production 
and release of cytokines and peptides from myocytes, 
known as "myokines." The first myokine released into 
the bloodstream in response to exercise is IL-6. Contrary 
to popular belief, IL-6 is not a proinflammatory 
cytokine. Instead, it mediates anti-inflammatory 
responses and metabolic adaptations. By improving lipid 
and glucose metabolism and suppressing pro-
inflammatory cytokines, IL-6 can reduce the incidence 
of cardiovascular disease.9,10 

Exercise increases plasma concentrations of 
several cytokines, including IL-6. The first study by 
Steenberg, et al., as cited by Lasky, et al. (2021), 
showed that skeletal muscle activity caused by exercise 
can increase plasmatic IL-6 levels.11 Other studies 
revealed that the increase in plasma IL-6 originating 
from muscle fibers caused by exercise was correlated 
with various factors, including the duration and intensity 
of physical activity.12 In addition to the direct impact of 
exercise on increasing plasma IL-6 levels, the study also 
reported that prolonged exercise followed by a protocol 
reduced baseline IL-6 levels over time.13 Other factors, 
such as participants' physical fitness level, were also 
correlated with the length and intensity of physical 
exercise.14 Individuals who engage in regular physical 
activity have lower baseline IL-6 levels than sedentary 
individuals.15 Similar studies suggest that pro- and anti-
inflammatory cytokines must be balanced for the 
immune system to modulate and consolidate neural 
network reorganization, as well as have positive or 
negative effects on brain neuroplasticity.16 This can also 
be used as a reference for providing exercise for 
COVID-19 patients who are active or in the recovery 
period.9 There is not much research on exercise in 
COVID-19 patients. Therefore, this study aimed to 
observe the effect of upper arm and breathing exercises 
on IL-6 levels as a marker of inflammation in severe 
COVID-19 patients treated in isolation rooms. 
 
 
 
 

METHODS 
 

This study was conducted at Haji Adam Malik 
General Hospital in Medan, Indonesia, from July to 
November 2021. The study design was quasi-
experimental with consecutive sampling techniques. The  
inclusion criteria of this study were hospitalized severe 
COVID-19 patients aged 18-75 years old, had oxygen 
saturation ≤95%, survived a cytokine storm, with or 
without comorbidities, and the patient agreed to 
participate in the study by signing informed consent 
before taking blood samples for laboratory tests, such as 
baseline IL-6. COVID-19 patients with high flow nasal 
cannula (HFNC) who experienced side effects from 
antiviral drugs and loss of consciousness and patients 
with mental health disorders were the exclusion criteria.  

The authors gave instructions to the patients 
before starting the exercise. The authors performed 
safety procedures according to the World Health 
Organization (WHO) regulations for handling COVID-
19 patients. Patients from the intervention group were 
given upper arm and breathing exercises for ten days, 
twice a day (morning and afternoon), via cellphone 
video tutorials. Post-laboratory tests were performed 
after the intervention. The Borg scale was also assessed. 
This study had received approval from the Health 
Research Ethics Committee, Faculty of Medicine, 
Universitas Sumatera Utara (No. 292/KEP/USU/2021). 

Univariate analysis was performed to determine 
the mean value and standard deviation before and after 
the intervention. Bivariate analysis was used to compare 
data before and after intervention. The Shapiro-Wilks 
test was performed to test the normality of the data with 
a p-value (<0.05). If the data was normally distributed, 
the analysis used a paired t-test. If the data was not 
normally distributed, the Wilcoxon test was used. The 
collected data was processed using Statistical Package 
for the Social Sciences (SPSS) version 23 software. 
 
RESULTS 

 
Table 1 shows that the youngest patient in the 

intervention group was 30 years old, and the oldest was 
74 years old. Furthermore, in the control group, the 
youngest and oldest subjects were 28 and 69 years old, 
respectively. The characteristics between the 
intervention and control groups based on age, Borg 
scale, saturation, and initial IL-6 levels did not show 
statistically significant differences. 
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Table 1. Respondents’ characteristics distribution based on age, gender, Borg scale, saturation, and IL-6 level 
 Mean ± SD Min-Max p*  Intervention Control Intervention Control 
Age 54.4 ± 12.94 55.7 ± 11.64 30-74 28-69 0.816 
Gender: Female 
              Male 

0 
10 

0 
 10                              

0 
10                              

0 
10 

 
 

Borg scale 7.6 ± 1.2 8 ± 1.8 7-10 5-10 0.383 
Saturation 86.2 ± 5.6 88.4 ± 5.3 76-92 74-92 0.576 
IL-6 level 42.3 ± 48.4 90.34 ± 151.56 5.6-154.9 8.9 - 454.70 0.496 
*p-value from Wilcoxon test, considered significant if p < 0.05 

Figure 1. Pre- and post-test IL-6 level (intervention and control group) 
 

Figure 1 shows a significant reduction in IL-6 
levels in 10 COVID-19 patients in the intervention 
group who underwent upper arm and breathing 
exercises, with average IL-6 levels of 42.3 and 16.8, pre- 

and post-exercise, respectively (p = 0.005). Meanwhile, 
patients from the control group had lower IL-6 levels 
pre-and post-test, from 90.3 to 81.5. However, it was not 
statistically significant (p = 0.28). 

  
 
 
 
 
 
 
 
 

Figure 2: (a) Upper Arm Exercise. (b) Breathing Exercise. 
 
 
 
 

Figure 2. (a) Upper arm exercise, (b) Breathing exercise 
 

The picture was taken when the intervention 
group subjects received  an  explanation about the upper 

arm and breathing exercises in the isolation room. 

 
Table 2. Comparison of pre-and post-test IL-6 level on intervention and control group 
                    Mean ± SD Intervention                 Mean ± SD Control p 
 Pre Treatment Post Treatment Pre Treatment Post Treatment  
         IL-6  42.38 ± 48.48 16.78 ± 18.29 90.34 ± 151.56 81.55 ± 141.71 0.028 
 

Table 2 shows a significant difference in IL-6 
levels between the intervention group that was given 
exercise and the control group that did not receive 
treatment (p = 0.028). 

DISCUSSION 
 

In this study, an increase in the inflammatory 
mediator IL-6 was observed, which was associated with 
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a decrease in the production of adaptive immunity, 
commonly known as the specific immune system. The 
specific immune system is a specific immune response 
to certain antigens that works more actively against 
infection.10 If the virus that enters is new (no existing 
memory in the immune system) with high pathogenicity, 
then the release of cytokines will tend to leave the 
control body. This is known as a cytokine storm, which 
is a systemic inflammatory response triggered by several 
factors, such as a viral infection. Of all the pro-
inflammatory cytokines, IL-6 is the main cause of 
cytokine storms. Cytokine storms can cause further 
complications, various abnormalities, and even 
malfunction of various organs, and IL-6 is one of the 
cytokines that provides an early indication. Examination 
of IL-6 levels can predict the severity of diseases caused 
by inflammation, autoimmune, and infections (viruses, 
bacteria, or other pathogens, including COVID-19).4,5 

IL-6 is associated with severe disease and is 
considered a good indicator of the severity and 
prognosis of disease caused by SARS-CoV-2.17,18 
Elevated IL-6 levels are considered a reliable indicator 
of oxygen consumption, intubation, or death in 
individuals suffering from this disease.19 In a 
retrospective analysis, Gorham, et al., as cited by Hirano 
(2021), assessed the differences in IL-6 concentrations 
between patients admitted to the intensive care unit 
(ICU) and those who did not survive. Between the two 
groups, the authors observed significant differences in 
IL-6 levels, as evidenced by significantly higher levels 
in the non-survivor group (720 pg/mL) compared to the 
survivor group (336 pg/mL). They proposed that in 
critically ill patients caused by SARS CoV-2, IL-6 
should be re-evaluated as a sign of poor prognosis.20 

Although IL-6 plays an important role in 
cerebrospinal fluid (CSF) pathophysiology during 
COVID-19, several related questions remain 
unanswered. These concerns include the appropriate use 
of IL-6 inhibitors in treatment, as well as assessment of 
disease risk, treatment options, outcomes, and adverse 
drug reactions. Studies on the identification of additional 
therapeutic targets relevant to the treatment of cytokine 
storm syndrome (CSS) in COVID-19 patients are 
necessary for the development of personalized 
immunomodulatory therapies, considering the role of 
cytokines in pathogenesis. The targets of this treatment 
include activation of the complement system and 
inhibition of IL-1, IL-6, TNFα, GM-CSF, IFNγ, IL-17, 
and IL-18.21 

The release of IL-6 from respiratory epithelial 
cells, CD14+CD16+ monocyte macrophages, and 
lymphocytes after infection may be the mechanism 
underlying the increase in IL-6 in COVID-19 
patients.22,23                                                                                                                                                                          

SARS-CoV-2 enters the body during COVID-19 and 
causes excessive activation of immune cells, leading to 
the production of various inflammatory factors and 
inflammatory cytokine storms. Ultimately, these events 
lead to multiple organ failure, acute respiratory distress 
syndrome (ARDS), and systemic inflammatory response 
syndrome (SIRS), which is characterized by high fever, 
dyspnea, lymphopenia, and increased cytokines.24 

The data obtained in this study showed the 
presence of infection and cytokine storm in COVID-19 
patients. It appeared due to hyper-inflammatory 
responses, indicated by the excessive release of IL-6 
proinflammatory cytokines and coagulopathy 
characterized by an increase in D-dimmer. IL-6 is an 
inflammatory cytokine found to increase during 
COVID-19 infection. Furthermore, pro-inflammatory 
cytokine is synthesized by lung parenchyma cells, and 
an increase in level indicates severe inflammation 
condition in the lungs.12 

IL-6 is a pleiotropic cytokine that regulates 
immune and inflammatory responses.11 IL-6 levels in the 
acute phase reflect inflammatory conditions in the lungs. 
Several studies have been conducted regarding the role 
of IL-6 as a predictor of COVID-19, as well as a 
predictor of prognosis in severe cases.13 

In this study, the IL-6 level in severe COVID-19 
patients was 42.38 ng/L. Increased IL-6 levels were 
associated with more severe and worse conditions in 
acute COVID-19 patients. In addition, higher baseline 
IL-6 values were associated with worse chest CT 
imaging, and patients with severe infections required 
more intensive treatment.13 

This study is similar to the study of Liu, et al. 
(2020), which showed that the increase in IL-6 levels 
was significantly higher in severe COVID-19 patients.17 
IL-6 is synthesized by various lung cells, such as 
alveolar macrophages, pneumocytes, and fibroblasts. IL-
6 levels reflect inflammatory conditions in the lungs. 
Increasing IL-6 is associated with disease severity, as 
levels decrease when remission occurs and increase 
when the infection worsens. Hyperactivity of IL-6 in 
COVID-19 patients can cause complications, such as 
respiratory failure, shock, and multi-organ perfusion. 
Managing control of inflammation, including IL-6, has 
become part of treating COVID-19. Therefore, IL-6-
targeted treatment is effective in resolving the cytokine 
storm during the progression of COVID-19 
infection.14,15 

The clinical manifestations of COVID-19 
infection vary greatly, ranging from asymptomatic to 
severe or critical. Shortness of breath is one of the 
typical symptoms of COVID-19, which can quickly turn 
into a critical condition, such as acute respiratory 
distress. Shortness of breath in COVID-19 infection 
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occurs due to difficulty perfusion and oxygen diffusion 
in the lungs due to inflammation caused by the virus.12 

The goal of upper arm and breathing exercises is 
to increase chest expansion and respiratory muscle 
performance. Moreover, this exercise is also performed 
to strengthen the respiratory muscles of COVID-19 
patients. Therefore, they can reduce the buildup of 
phlegm, which will bring their respiratory capacity up to 
standard. Upper arm and breathing exercises can be 
performed independently by COVID-19 patients and 
help maintain lung function. Hence, the hardening of 
lung tissue can be reduced.6 

Upper arm and breathing exercises consist of a 
series of exercises to regulate rhythm, allow better chest 
expansion, activate the supporting muscles of the chest 
cavity or chest wall, and train the main muscles of 
breathing. In addition, this exercise can help reduce 
inflammation in the airways and lungs. Regular physical 
activity for COVID-19 patients can improve the immune 
system and increase the production of antibodies and T 
cells, thus improving blood circulation. This routine will 
also reduce stress hormones, adrenaline, and cortisol, 
which gives extra strength to the immune system. 
Furthermore, it can also reduce the risk of respiratory 
tract infections.16 

In this study, initial examination showed an 
increase in IL-6 levels in the blood of COVID-19 
patients. Upper arm and breathing exercises in the 
intervention group showed a significant difference in IL-
6 levels compared to the control group, p = 0.028. 
Additionally, a significant reduction in IL-6 levels was 
observed in the intervention group from 42.3 to 16.8. 

Regular, scheduled, and correct exercise in 
COVID-19 patients can increase body endurance. Many 
studies have proven that exercise can improve immune 
function. This will increase immune surveillance against 
pathogens and reduce systemic inflammation, such as 
IL-6, complement, and immunoglobulin.17 

The immune response to physical exercise 
depends on the intensity and duration of the exercise. At 
moderate-intensity exercise of less than 60 minutes, 
there is increased immune surveillance of immune cell 
subtypes, which provides therapeutic and preventive 
effects. This acute response to moderate exercise 
includes increased antipathogenic activity of 
macrophages concomitant with increases in circulating 
immunoglobulins and anti-inflammatory cytokines. If 
the exercise is performed regularly, an initial, temporary 
increase in lymphocytes will improve immune 
surveillance and reduce systemic inflammation.16  

 
 
 
 

CONCLUSION 
 

Significant improvement in IL-6 levels occurred 
in severe COVID-19 patients treated with upper arm and 
breathing exercises. This study can be a reference for 
other researchers to conduct further research on post-
COVID-19 patients and other respiratory patients who 
exercise. 
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