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ABSTRACT

Background: Regular exercise has been postulated as beneficial to prevent, treat, and manage a chronic disease that nowadays is caused 
by a sedentary life. However, its prescription and mechanism of how exercise positively affects health conditions is requiring further 
research. Objective: To investigate the types of regular exercise and exercise prescription and mechanisms in preventing or treating a 
chronic disease. Methods: This study reviewed articles from ProQuest, Science Direct, Wiley, and PubMed using the terms ‘chronic 
disease’, ‘exercise’, ‘physical activity’, and ‘cytokine’. Results: Forty-six articles were reviewed in this study which originated from 
different regions spanning Asia, Europe, America, and Africa. The articles were categorized based on sample characteristics, which 
were; elderly, healthy adults, athletes, mice, and others. Each article describes an aerobic or anaerobic exercise performed under 
various interventions ranging from low, moderate, to high and comprehensively explains its effect on human biology, including on 
the body system, tissue adaptation, muscle hypertrophy, and neuroplasticity, by examining its effect on proteins, hormones, enzymes, 
microRNAs, as well as functional metrics pertaining to physical capacity enhancement. Conclusion: This review concludes that 
exercise will elicit effects on the immune and metabolic systems of people with chronic disease.
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BACKGROUND
A sedentary lifestyle is becoming increasingly widespread 
across generations. Advances in communication technology 
have made life easier. Recently, a screen-based lifestyle 
has emerged, with many people spending 24 hours a day 
in front of a screen and lacking physical activity. The 
health risks of this lifestyle have been demonstrated by 
numerous studies. Lack of activity can put a person at risk 
of developing chronic diseases later in life. Obesity, type 2 
diabetes, high blood pressure, and cardiovascular disease 
are consistently linked to a sedentary lifestyle1,2.

Prevention and treatment using pharmacological 
approaches are essential, in addition to dietary regulation. 
Exercise is an important non-pharmacological measure 
in efforts to maintain a healthy body that has long roots 
in human history. History has recorded that an Indian 
physician named Sushruta 600 BCE has placed exercise 
as a crucial element in maintaining physiological body 
balance, thus freeing from pain. History also records that 
Hippocrates 460 BCE continued the importance of exercise 
in the very popular statement that the body not only needs 
food but also needs exercise3. Long before that, Herodicus 
500 BCE, considered Hippocrates’ teacher, first explained 
the benefits of exercise therapy and was named the “father 
of exercise medicine”4.

“Exercise is medicine” was reiterated by the American 

College of Sports Medicine (ACSM) in 2007 in a global 
initiative, encouraging physicians and health professionals 
to use exercise prescriptions to prevent and treat illnesses, 
especially chronic ones. As of 2014, the PubMed database 
had recorded 56,691 citations related to exercise is 
medicine.

Further research is needed to understand how exercise 
affects health and when exercise should be administered 
to hospitalized patients, such as those with chronic renal 
disease14. Furthermore, in daily practice, hospital physicians 
have not sufficiently focused on and incorporated exercise 
into their prescriptions. Many difficulties remain regarding 
how exercise can be performed in critically ill individuals, 
coupled with difficulties in determining dosage21. This may 
be due to a lack of dissemination of information related to 
the evidence base for exercise.

This article discusses in vivo experimental research on the 
types of regular exercise and their mechanisms in the body 
as a means of preventing and managing chronic disease. It 
is hoped that this review will enrich the reference list for 
exercise utilization and gradually eliminate doubts about 
implementing regular exercise in the healthcare world.

RESEARCH METHODS
All articles used in this scoping review were accessed 
from four databases: ProQuest, Science Direct, Wiley, and 
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PubMed. Articles were searched using keywords defined by 
PICO, namely, chronic disease, exercise, physical activity, 
and cytokine. Database access was performed using the 
aforementioned keywords, and the number of articles 
appearing was selected based on the title of the review.

The reviewed articles met the inclusion criteria, namely 
full-text articles that were international articles, both in the 
form of randomized controlled trials and in vivo articles 
published between 2013 and 2023. Exclusion criteria 
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included in vitro RCT articles, published before 2013, 
and not in English. The obtained articles were screened 
for duplication, then abstract screening to filter articles 
that were in accordance with the predetermined PICO and 
continued with full-text screening to include the articles 
into the inclusion criteria (Figure 1). Articles that met the 
inclusion criteria were then categorized based on the type 
of population where the exercise was given.

RESULTS
Forty-six articles were selected for review from a pool of 
227 (Table 1). The articles originated from Asia, Europe, 
America, and Africa and were then categorized based on 
sample type: healthy individuals (including the elderly, 
athletes, young people, and mice), and patients (including 
patients receiving exercise interventions of varying types 
and dosages).

ExerciseRegular exercise is a highly recommended non-
pharmacological measure for preventing, treating, and 
managing chronic diseases1,5. The benefits of regular 
exercise are not limited to healthy people6 but also to 
people who have experienced health problems in almost 
all body systems, including musculoskeletal5,6,7,8,9,, 
respiratory5, heart and blood vessels10, liver11, brain9,12,13, 
kidney14, aging and cognitive disorders13,14,15, and even for 
pregnant women13. Regular exercise also has a positive 
impact on cancer prevention16,17,18,19 and improving the 
quality of life of cancer patients20. In regenerative therapy, 
regular exercise supports the integration of stem cells with 
tissue21,22,23.

DISCUSSION
This review found that exercise, whether for promotion, 
prevention, curation, or rehabilitation, can address various 
health issues, particularly chronic diseases, in populations 

of varying ages across countries. Furthermore, both 
aerobic and anaerobic exercise, at low, moderate, and high 
intensities, and for exercise durations ranging from weeks 
to months, can positively impact the entire body’s systems, 
tissue adaptation, muscle hypertrophy, and neuroplasticity, 
by examining its effects on proteins, hormones, enzymes, 
micro RNA, and functional measures of physical capacity.

Exerciseis a form of physical activity carried out with 
the aim of obtaining health benefits with structured and 
continuous planning1. However, using exercise as an 
intervention for various health conditions requires a precise 
understanding of the body’s response to exercise, and how 
exercise is able to prevent and/or improve conditions1,7.

Muscle contraction during exercise is a mechanical stimulus 
to which the body responds with cellular and molecular 
activity, the molecular mechanisms of which can be 
identified through biomarkers24. In general, exercise causes 
changes in metabolic and immunological processes1,18,21. 
Given the complexity of exercise’s effects on health, this 
review presents two main topics: exercise and immunology 
and exercise and metabolism.

Exercise and Immunobiology
Remodeling processor what is also called 
immunosenescence is a process that involves changes in the 

Figure 1. Flow chart
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leukocyte population and dysregulation of most immune 
functions in the body25. Skeletal muscle is an endocrine 
organ that secretes various biologically active peptides and 
proteins called myokines after receiving stimulation in the 
form of muscle contraction. The expression and secretion 
of myokines or other cytokine groups will increase 
immediately after exercise1,6. In the immunological aspect, 
exercise not only increases natural immunity but also 
increases acquired immunity along with modulating the 
inflammatory environment and immune response5. Some 
of the cytokines in question are IL-6, IL-1β, IL-10, TNF-α, 
LIF and others1,5,26.

Chronic diseaseis associated with low-grade systemic 
inflammation, characterized by increased proinflammatory 
cytokines. Myokines circulate through the bloodstream 
and, through the endocrine system, benefit organs outside 
the muscle, such as the liver, lungs, and blood vessels1,26. 
Furthermore, the circulation of myokines, including IL-6, 
outside the muscle plays a role in regulating glucose and fat 
metabolism. Cytokine expression after exercise ultimately 
has an anti-inflammatory effect.

Inflamasomeis a protein complex that plays a role in body 
defense and inflammation. Activation and expression of 
the inflammasome, one of which is NLRP3, will activate 
Reactive Oxygen Species (ROS). ROS will trigger 
NLRP3-mediated inflammation in cases of Nonalcoholic 
Steatohepatitis (NASH). Inhibition of NLRP3 inflamsome 
activation reduces hepatic inflammation. The role of 
exercise in controlling NLRP3 inflammasome expression 
induced inflammation mediated by adropin through ROS 
inhibition11.

ExerciseIt also produces antioxidants such as superoxide 
dismutase2 (SOD2), an enzyme that plays a role in clearing 
mitochondria of ROS and preventing cancer27. In addition, 
exercise also increases the antioxidative capacity in cancer 
patients28, which suppresses oxidative stress levels, which 
are triggers for progressive cancer. Exercise at moderate 
doses provides benefits in cancer therapy by increasing the 
performance of NK and CD8+ cells, which affect survival. 
Meanwhile, in healthy individuals, exercise will increase 
immune changes in T cells and NK cells5. In healthy 
populations, exercise can inhibit cancer cell growth by 
inhibiting proliferation and apoptosis in various cancer cell 
variations. In other words, exercise has an anti-oncogenic 
effect19.

Research has also been conducted to examine the role of 
exercise on testosterone levels, showing that cycling in 
cancer patients results in decreased testosterone. In general, 
exercise impacts sex hormone levels and sex hormone 
receptors. Furthermore, exercise also increases estrogen 
receptors and decreases androgens. Physical activity 
interventions in postmenopausal women have been shown 
to decrease levels of the pro-inflammatory cytokines IL-1α 
and IL-6.

Chemotherapy treatment results in increased circulating 
cytokine levels both in the periphery and in the brain and 
is associated with decreased cognitive function. Although 

the relationship between cytokine levels and brain-derived 
factor (BDNF) levels has not been fully explained, BDNF 
plays a crucial role in cognitive function9. Exercise is 
associated with neurogenesis, increased levels of BDNF, 
vascular endothelial growth factor (VEGF-1), and cognitive 
function29,30,31. BDNF expression in cells after exercise also 
influences brain plasticity in both elderly individuals with 
cognitive impairment and post-stroke patients. Improved 
immunity also occurs in healthy elderly individuals with 
comorbidities, with increased expression and ratio of 
CD4+/CD8+ T-cell helpers and decreased levels of IL-6, 
IL8, IL1-10, and VEGF25. This increased CD4+ expression 
also occurs in patients with stable chronic obstructive 
pulmonary disease (COPD)32. 

Improved cardiorespiratory function also occurs after 
exercise in post-COVID-19 patients and in patients 
undergoing hemodialysis due to impaired kidney function33. 
Exercise can also be an option for treating chronic kidney 
disease because improved body composition, bone mineral 
density, blood pressure, glucose homeostasis, cardiac 
autonomic function, depressive symptoms, and quality of 
life will help reduce the risk of kidney function decline14,34. 
This improvement is due to increased regulation of 
exerkine, a hormone secreted into the circulation in 
response to exercise35. 

Exercise and Metabolism
Obesity is always associated with the emergence of chronic 
inflammatory diseases including type 2 diabetes mellitus, 
heart disease and cancer1,36 which can be seen from the 
increased levels of cytokines such as TNFα and IL-6 
as markers of inflammation in adipose tissue mediated 
by the role of various macrophages37,38. Adipose tissue 
macrophages (ATM) play a role in poor therapy outcomes 
for cancer patients39. Exercise given to cancer patients 
shows a decrease in M1 (pro-inflammatory) and an increase 
in M2 (anti-inflammatory), at the same time exercise also 
causes a decrease in pro-inflammatory cytokines (IL-6, 
TNFα) and an increase in anti-inflammatory cytokines 
(adiponectine, IL-12) and affects HDL cholesterol39.

Adipose tissue is one of the tissues that adapts to exercise. 
Obese individuals, both white adipose tissue (WAT) and 
brown adipose tissue (BAT), experience inflammation40, 
characterized by increased inflammatory signals such 
as nuclear factor-κB (NFκB) and mitogen-activated 
protein kinases (AMPKs). Exercise training reduces 
oxidative stress levels and increases antioxidant and anti-
inflammatory protein levels in BAT2.

In type 1 diabetes, exercise is beneficial in reducing the 
incidence of hypoglycemia and improving glycemic 
control. This is because exercise plays a crucial role in 
mitochondrial biogenesis. Increased AMPK activation 
is crucial in type 1 diabetes and is a key contributor to 
the benefits of exercise and glucose control41. Exercise 
has also been shown to reduce muscle myokine (TNFα) 
expression, which contributes to impaired muscle mass in 
type 1 diabetes and is associated with reduced TNFα levels 
through reduced oxidative stress27. 
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Exercisecan reduce body fat and visceral adipose tissue 
(VAT)36 by improving the dysmetabolism experienced by 
obese individuals, although exercise cannot be said to be 
associated with a decrease in inflammatory biomarkers 
such as CRP, IL-6 and TNFα, this seems to be related to 
the duration of the exercise intervention which is only 8 
weeks39. However, resistance training has an effect on the 
levels of HDL cholesterol, LDL cholesterol, adiponectine, 
IL-6 and testosterone42. The benefits of exercise can 
increase insulin sensitivity by reducing (down-regulating) 
adipocyte-produced cytokine signaling42. Resisted training 
combined with aerobic training is useful for improving 
body composition40.

The benefits of exercise are also seen when combined with 
diet. Significant results were also shown when exercise 
was performed both without diet and with diet. Comparing 
exercise without diet and with diet showed no difference, 
meaning that exercise alone still has benefits in reducing 
the risk of osteoporosis in postmenopausal women29. 
However, the same effect was not observed in older adults 
who received exercise for 6 weeks43. 

Exercise causes changes in the surface of extracellular 
vascular bundles that influence circulating miRNAs in 
paracrine communication. At the same time, it increases 
stem cell proliferation44. Circulating mRNA is crucial for 
arteriogenesis and improves capillary function10. Exercise 
also stimulates angiogenesis in lower extremity capillaries 
with peripheral artery disease (PAD) through the expression 
of microRNA-126, which is involved in VEGF signaling 
via the PI3K/Akt/eNOS pathway.

Exercise also improves quality of life for the elderly by 
improving gait patterns and mild cognitive impairment 
(MCI) experienced by the elderly31,47. Quality of life (QOL) 
also improves in people with chronic diseases such as 
cancer48,49 and kidney failure22. This improvement in QOL 
is measured by the incidence of fatigue48,49,50.

Improvements also occur in patients who receive 
hematopoietic cell transplantation (HCT) after exercise 
intervention. The risk of osteopenia, decreased muscle 
mass, and the development of other chronic diseases is 
reduced51,52. Exercise modulates the environment around 
the infarct area in stroke patients through angiogenesis, 
vasomotor reactivity, neutropic factor release, and reduced 
excitotoxicity and inflammation, which in turn improves 
neurological function in stroke patients. Exercise enhances 
graft cell integration in stroke therapy23.

Exercise Dosage
ExerciseWhile exercise does have an immediate effect 
on physiological changes in body tissues, its benefits for 
chronic disease conditions are determined by the frequency, 
intensity, time, and type (FITT) of exercise38,53,54. Frequency 
is usually calculated in terms of times per week and over 
months or even years, while intensity is considered based 
on the target maximum heart rate (MHR). Commonly used 
heart rate targets are moderate intensity training (MIT)55 or 
high intensity training, depending on the desired goal.

The recommended time for each exercise session is a 
minimum of 45 minutes per day15 or 150 minutes per week 
or 5 times per week54,56–59. The types of exercise frequently 
used are aerobic exercise (endurance)60 and anaerobic 
exercise (strength/weight exercise) and even interval 
exercise5. Of the majority of muscle contraction types, 
there are isometric, isotonic, eccentric, and isokinetic61,62.

CONCLUSIONS
Exercise as an intervention option for chronic diseases 
aims to provide prevention, treatment, rehabilitation, and 
even regenerative benefits. Exercise has been proven to 
benefit the body and improve quality of life, making it 
highly recommended for improving health.
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