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Abstract 

Exercising on a regular basis has been associated with delay in onset of many lifestyle disorders and chronic conditions. 
Different types of exercise have varied effects on our innate immune cells, both positively and negatively. Low-intensity 
exercises like yoga or brisk walking, medium-intensity exercises like swimming or cycling, and long-term high-intensity 
exercises like playing sports like volleyball or working out in the gym are some examples. The immune system's function 
is impacted differently by exercise training depending on the type, duration, intensity, and other factors. Exercise 
training is a double-edged sword that helps the body's immune system by changing the immune cells' post-exercise 
reaction mechanisms. Regular physical exercise is one of the lifestyle adjustments aimed at minimizing morbidity and 
mortality associated with contemporary illnesses such as obesity, diabetes, cardiovascular disease, and cancer. Regular 
leisure exercise training is regarded to be beneficial, but extreme exercise, such as that performed by professional 
athletes, is thought to have possibly detrimental consequences. This review summarizes current information in the field 
of exercise-associated alterations of infection susceptibility and indicates knowledge gaps for further investigation. It 
highlights that long term effects of physical activity shows a positive association with longevity and exercise.  
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1. Introduction

The term 'immunity' is derived from the Latin phrase 'immunis', which means exempt, and hence refers to protection 
against any illness or ailment. The immune system has two responses: innate and adaptive. The innate immune response 
is comprised of the body's physical and chemical defense barriers, as well as the actions of macrophages, dendritic cells, 
natural killer cells, neutrophils, cytokines, interleukins, and many more. T and B lymphocyte cells, as well as their 
products such as antibodies and cytokines, are responsible for adaptive immunity.  

Physical exercise is critical for maintaining body health and preventing the emergence of conditions like diabetes, 
cardiovascular disease, and other lifestyle conditions. It also minimizes the likelihood of developing inflammatory 
disorders in the body and boosts cellular immunity. Moderate-intensity exercise has been proven to boost immunization 
responses, reduce inflammation, and minimize death rates in people with co-morbidities. Exercise can range from mild 
to severe in intensity, duration, and timing, resulting in a variety of stimulatory or inhibitory responses. A moderate 
intensity workout stimulates cellular immunity, whereas higher intensity leads to a decline in cellular immunity, leaving 
the person more susceptible to infectious illnesses. Table 1 lists the various cells involved in the two branches of the 
immune system and their levels with respect to intensities of physical exercise. 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjbphs.com/
https://doi.org/10.30574/wjbphs.2024.18.2.0264
https://crossmark.crossref.org/dialog/?doi=10.30574/wjbphs.2024.18.2.0264&domain=pdf


World Journal of Biology Pharmacy and Health Sciences, 2024, 18(02), 349–358 

350 

Table 1 Various cells involved in the immune system and their response to levels of physical exercises 

Cytokines These are anti-inflammatory & pro-inflammatory molecules and their production can be 
influenced by physical exercise; their levels are influenced by duration and intensity of 
exercise. 

Neutrophils During physical activity, muscle fibres get activated, leading to release of calcium and pro-
inflammatory cytokines that recruit selectins and in turn neutrophils to the site in the 
activation pathways.  

Leukocytes Increase in physical activity increases circulating leukocytes. The concentration of leukocytes 
peaks within 1-2 hrs of activity. This may be due to shearing of blood vessels and release of 
immune cells in liver, spleen and lungs. 

Antigen-
presenting cells 
(APC) 

An aggravated exercise may induce a decrease of expression of toll-like receptors (TLSRs) in 
macrophages that cause failure in presentation of antigens to T cells. This leads to 
inflammatory damages and also increases susceptibility to damage and infection by 
microorganisms. 

Natural killer cells Cellular stress due to physical activity leads to increased blood flow that would recruit natural 
killer cells  

Lymphocytes Concentration of lymphocytes increases during moderate levels of activity. 

More number of immune system cells are recruited against infections related to physical exercise. It involves increase 
in activity of macrophages, elevation in circulation of immune cells, immunoglobulins and anti-inflammatory cytokines 
and such a movement would decrease pathogen burden on the body viscera. Figure 1 depicts the relationships between 
immunosurveillance, levels of activity and sensitivity to infection of individuals. As we are living in the era of technology 
where everything can be accomplished at the touch of a button, physical inactivity and sedentary lifestyle is the biggest 
threat to the current generation.  

 

Figure 1 Relationship between levels of physical workout, proneness to infection and immunosurveillance [adapted 
from Simpson et al 2020]  

Decrease in physical activity has been instrumental in increasing cases of obesity which could impact the 
cardiorespiratory fitness of an individual. Running is one of the best physical activities and has been linked to high levels 
of cardiorespiratory fitness. It helps in prevention of diabetes, osteoarthritis, respiratory diseases and several 
disabilities. Another side to this coin is that high performance athletes are very prone to high risk of acquiring infections 
as they surpass the guidelines of physical activity as well. This leads to suppression of immune response and lead to 
many challenges as well decreased cellular immunity, impaired responses to vaccines and novel antigens. 

1.1. Physical Exercise & Immune Responses to Infection 

Physical activity is regarded as one of the most important aspects of healthy life. Aside from the functions associated to 
the control of excess body weight, systemic inflammation, and chronic noncommunicable illnesses, physical exercise 
may have a potential benefit in lowering communicable infections, particularly viral pathologies (Figure 2). The most 
contagious illness in humans, acute respiratory infections (ARIs) are brought on by respiratory viruses and bacteria.  
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Figure 2 An overview highlighting the significance of Physical Exercise 

There are several examples which show that regular exercise improves the body’s response to the infection. Regular 
exercise lessens the severity of sickness in hosts infected with Leishmania major and Trypanosoma cruzi parasites. An 
exercise programme on a treadmill for 4 weeks produced a reduction in cardiac fibrosis in the study carried by Pedra-
Rezende and co-workers, 2021 (1). Their data demonstrated that exercise can enhance quality of life and stop the 
progression of Chagas Disease, despite the fact that no reduction in parasite load or inflammatory markers was seen 
with exercise. 

1.2. Exercise Effect on fungal, viral and bacterial infections  

Apart from managing systemic inflammation, and chronic non-communicable diseases, physical activity is also 
beneficial in preventing communicable diseases, such as viral, bacterial and fungal pathologies (2). Moderate levels of 
exercise are also seen to lower rates of ARI incidence, length and intensity of symptoms, and risk of mortality from 
infectious respiratory infections. Additionally, numerous studies indicate a direct connection between regular physical 
activity and benefits in cardiorespiratory health, vaccination response, glucose, cholesterol, and insulin metabolism, as 
well as a reduction in the death rate from influenza and pneumonia (2) Increased immune surveillance against 
infections has been proposed as a method for improving the immunological response to exercise. During moderate-
intensity exercise, by increasing macrophage anti-pathogenic activity and increasing the circulation of immune cells, 
immunoglobulins, and anti-inflammatory cytokines, one can reduce the burden of pathogens on organs such as the lung 
and protect against lung damage caused by the influx of inflammatory cells. Routine physical exercise reduces 
inflammatory responses and stress hormones while increasing lymphocytes, NK cells, immature B cells, and monocytes. 
As a result, there is an improvement in immunovigilance and a decrease in the systemic inflammatory process, which 
are indicators that regular exercise strengthens the immune system while preventing respiratory diseases and thereby 
defending against infections like COVID-19 (3).  

1.3. Effects of Different Intensity of Exercise and Sports Training on Immune Cells 

Sports professionals have known for a long time that participating in a single extremely intense activity, like a marathon 
run, or participating in extended periods of intense training can temporarily suppress the immune system, making one 
more susceptible to infections. While moderate physical exercise stimulates a number of immune functions, more 
strenuous activity and extended periods of intense training lower a number of immune response parameters. Studies 
show that characteristics including frequency, intensity, duration, and kind of effort used affect how the immune system 
reacts to exercise (2). As mentioned earlier, lengthy or high-intensity workouts without adequate rest might cause lower 
cellular immunity, raising the risk for infectious illnesses, moderate-intensity physical activity stimulates cellular 
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immunity (4). The immune system deteriorates after engaging in extended physical activity, or 90 minutes of moderate- 
to high-intensity physical activity, according to the International Society for Exercise and Immunology (ISEI). 

According to the repeated-bout paradigm (5) circulating cell counts, lymphocyte proliferation, and NK cytotoxicity are 
all altered differently by repeated exercise bouts on the same day (6) or across a number of days compared to a single 
exercise session.  

Physically active (7), well-trained (8) or elite (9) people have been used in studies comparing the impact of one vs. two 
workouts on a single day. Cycling, running or rowing were the activities. The intensity and duration ranged from 15 
minutes at maximum intensity to 2 hours at medium-high effort (60–75% VO2max; 56, 96). The recuperation interval 
between exercise bouts ranged from 45 min to 12 h with 34 h being the most frequent value. 

1.4. Immune Cell Responses to Long-Term High-Intensity Exercise Training 

Innate immune cell activity is impacted by long-term high-intensity training, which also decreases immune cells' 
capacity to handle acute exercise and raises the risk of infection (9). Shephard and Shek (10) stated that long-term high-
intensity training can impair macrophage activity, thereby reducing the number of macrophages and impairing 
phagocytic function leading to negative consequences on immune surveillance and overall health of the body because 
NK cells recovered within 24 hours under such training.  

Short-term high-intensity exercise training (11), on the other hand may increase the number of NK cells but decrease 
their toxicity. This is likely because NK cells quickly redistribute between blood and tissues after acute exercise, which 
favourably redistributes NK cell subsets with a well-differentiated phenotype and enhances cytotoxicity against HLA-
expressing target cells. A brief exercise session changes NK cell function and number, but not cytotoxicity, and there is 
a positive link between exercise and NK cell count and cytotoxic activity.  

The study by Simpson et al. demonstrates that regular moderate-intensity exercise is responsible for the improvement 
in immunity. Additionally, it has been demonstrated that frequent moderate-intensity exercise improves cardiovascular 
health and lowers overall disease mortality. Regular short-term, moderate-intensity exercise for up to 45 minutes is 
good for immunological defense (12). Exercise of moderate intensity reduces ring finger muscular spasms and reduces 
neutrophil infiltration into the alveolar space modifying systemic neutrophil chemokine responses. 

Exercise has a variety of effects on lymphocyte and B cell concentrations, but only consistent exercise can improve a 
person's immune system. Long-term bed rest has a major impact on cytokine levels and immune cell populations. 
Immune function is inhibited, granulocyte, natural killer, T cell, hematopoietic stem cell, and CD45RA and CD25 
expressing T cell numbers are raised, while monocyte numbers are considerably lowered during spaceflight and 
simulated weightlessness (bed rest).  

The number of myeloid cells in B cells, dendritic cells, and neutrophils increases as a result of participation in various 
sports and exercise training. Professional and amateur distance runners have various immune cell modifications during 
competition. Additionally, the T cells in the body react differently to swimming and running. B cells rose by an average 
of 60% after a 20-minute cycling race at 80% VO2max, with immature cells showing the greatest increase, followed by 
memory cells, and lastly naive cells (Figure 3). Similar to how exercise increased total dendritic cells by 150% during 
80% VO2max exercise, mobilized plasmacytoid dendritic cells more than myeloid dendritic cells, and mobilized 
plasmacytoid dendritic cells preferentially, exercise enhances immune surveillance by preferentially mobilizing effector 
cells (13). The growth of T cells in the lungs and Peyer's patches, the body's primary defensive barrier, may improve 
immunological alertness in these regions as a result of vigorous running exercise, decreased lymphopenia following 
swimming exercise, and increased blood levels of T cells (14). Exercise-induced oxidative damage in neutrophils and 
the development of antioxidant defense in lymphocytes are both marginally less in women than in males. College 
volleyball players who trained for a month before the season (5 hours a day, 6 days a week) saw a significant increase 
in the number of CD56bright NK cells and CD56dim T cells (a subset with lower cytotoxicity) and a decrease in overall 
NK cell cytotoxicity from pretraining to post training. However, the levels of interleukin-6, interferon-gamma, and tumor 
necrosis factor-alpha did not change (15).  
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Figure 3 Different Sports representing varied exercise training intensity 

1.5. Physical Inactivity & Infections 

Increases in systemic inflammation, changes in the distribution of leukocyte subsets, altered T-cell IFN-production, and 
impaired natural killer cell activities have all been noted in human bed rest investigations. These immune system 
disturbances are thought to play a role in the emergence of urinary tract infections, the mild reactivation of the Epstein-
Barr virus and varicella zoster virus (16) during extended periods of inactivity, and the reactivation of latent 
herpesviruses in astronauts during missions (17). Other situations, such as trials recruiting overweight or obese 
participants who are physically inactive, provide further information that could be read as supporting the idea that 
physical inactivity results in reduced immune function. For instance, obese individuals have inadequate immune 
responses to vaccination and have diminished lymphocyte proliferation after mitogenic stimulation. These 
immunological side effects may increase the risk of bacterial and viral infections and lengthen hospital stays as a result 
of more frequent and extended problems after surgery. Exercise training can, in fact, enhance immune responses to 
influenza and pneumococcal vaccines, speed up recovery after experimental rhinovirus infection, and lessen the 
frequency, severity, and duration of symptoms related to acute respiratory infections (like upper respiratory tract 
infections).  

1.6. Host Conditions: Obesity, Aging, Diabetes, Blood Pressure  

Physical inactivity is a pressing global health concern in the current times. A physically active lifestyle is important in 
the prevention and management of several chronic conditions. Obesity is one of the leading causes of global morbidity 
and mortality. Hence, in order to control this ravaging epidemic, health care specialists necessarily advise physical 
activity, among other things like dietary restrictions. It is a well-known fact that physical activity is inversely 
proportional to weight gain. Low levels of physical activity are associated with an increased risk of becoming obese, 
according to a review of the literature (18). It should be emphasized that exercise does not greatly aid in weight loss on 
its own. Instead, consistent activity is essential for keeping weight off. For sustained weight reduction, 60 to 90 minutes 
of exercise is recommended each day at a moderate level (Hill and Holly 2005). In case of overweight or obese 
individuals, this time limit should be progressively increased over time in order to facilitate long-term maintenance of 
weight loss (19). 

Another benefit of regular exercise is a more uniform and healthy body fat distribution. Exercise causes reduction of 
body fat but at the same time it also results in gaining lean muscle mass. In this regard, the total amount of weight lost 
exhibits a dose-response relation with exercise volume. On the other hand, exercise intensity is the determinant of 
amount of lean mass gained such as in aerobic workouts (18). Hypertension is the most major cardiovascular risk factor 
that is estimated to account for nearly 7.5 million deaths worldwide (Global Health Observatory, WHO). On an average 
estimate, a systolic blood pressure (SBP) rise of even 20mm Hg above 115, and diastolic blood pressure (DBP) rise of 
10 mm Hg above 75, doubles the rate of mortality and morbidity (20). Conversely, even slight improvements in SBP and 
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DBP considerably enhances chances of survival. A decrease as little as 10 mm Hg could contribute to 37% decline in 
incidence of coronary heart disease and 56% decrease in chances of stroke (21). An inverse relationship existing 
between hypertension and physical activity is well documented. Evidences strongly demonstrate that increased 
physical activity can significantly reduce both SBP and DBP, not only in patients with hypertension, but also in 
normotensive and prehypertension subjects (22,23). It is noted, nonetheless, that the degree of reaction depends on 
things like physical activity intensity, frequency, duration, and kind. According to studies, moderately hard exercise (40–
60% of maximum oxygen intake and 60–85% of projected maximal heart rate) had the most anti-hypertensive effects 
(24). Practically speaking, moderate intensity exercise is safe for most middle-aged and older people as well as those 
with severe hypertension. In this regard, brisk walking seems to be a preferred choice of most individuals. On the other 
hand, diabetes mellitus, primarily type 2, is a rapidly spreading global epidemic that is expected to cause up to 6.7 
million fatalities in 2021 (IDF Diabetes Atlas, 10th edition). According to the study, the condition manifests 
phenotypically as hyperglycemia, which can be caused by either reduced insulin sensitivity or faulty insulin secretion 
(25,26,27). Non-insulin dependent diabetes mellitus (NIIDM), another name for type 2 diabetes, is a lifestyle illness 
characterized by obesity, excessive calorie consumption, insufficient physical exercise, and genetic vulnerability 
(28,29). 

Physical activity is a lifestyle intervention that majorly contributes to management of diabetes, along with dietary 
modifications and weight reduction. Compromised levels of physical activity can severely contribute to pathogenesis of 
the condition, ultimately resulting in increased morbidity and mortality. On the contrary, augmented physical activity 
can considerably decrease the progression, or even reverse the condition (30). The amount of physical activity required 
to alleviate the risk of diabetes largely depends on an individual’s level of baseline risk. For example, those with a higher 
baseline risk such as obese/overweight people or those with family history, need ~300 minutes of moderately intense 
or 150 minutes of strongly intense physical activity per week (31). On the contrary, those with a lower risk of diabetes 
such as lean people without any family history of the disease, would continue to be at a low risk independent of any 
physical activity. Thus, physical activity strategy needs to be tailor-made on an individual basis, rather than generalizing 
it on a population level. 

1.7. Immunosuppression and Exercise  

Immunosuppression is the loss or reduction of body’ s ability to fight off foreign antigen, virus, viral particles including 
surface antigen on tumor cells. It may be the result of killing off of effector cells or blockage of intracellular pathway 
(32). Individuals infected with oncogenic virus are at the risk of developing cancer when in the continued state of 
immunosuppression. The neoplastic cells which have arisen spontaneously or due to genotoxicity in an 
immunosuppressed person will thus escape the immunosurveillance and divide without check to form tumor (33).  

Diseases that are associated with immunodeficiency are a heterogeneous group. However, an attempt has been made 
to classify them into primary and secondary immunodeficiencies. Any failure of the B-cell system, B-cells, T-cell system 
or T- cells fall under the former category. These are hereditary in nature and manifest early in life. Secondary 
immunodeficiency arises when its initiation is due to a non-immune element like environment (34). 

Immunosuppression could also be the adverse effect of another treatment the patient is undergoing (35). Interest on 
effect of exercise on the white blood count dates back to more than 100 years but exercise immunology became a formal 
discipline of science only in the latter part of the twentieth century. Physical fitness has been gaining importance in past 
few years especially due to the pandemic COVID 19. Moderate exercise has been seen to improve the overall immune 
response in an individual reducing the risk of non-communicable diseases. But can physical activity bring about 
immunosuppression was a question long explored by army hospitals and sports physician (36). It has now been found 
that intense level of exercise can compromise both the innate and acquired immunity. Immunosuppression in such 
individuals is also co-dependent on the genetics, stress, nutrition intake psychological condition, environment or any 
other underlying health condition which promotes inflammatory responses (12). Acute bout of exercise invokes an 
immune response similar to one post infection. This can be evaluated by checking for increased level of circulating 
cellular immune elements like neutrophils, monocytes and natural killer (NK) cells, a catecholamine-mediated 
lymphocytosis and a higher plasma concentration of several hormones (37). Heavy training schedule and endurance 
training compromises the immunity making them susceptible to upper respiratory tract infection (URTI) post work out. 
Between 1980s and 1990s several studies were carried out to investigate these incidences. Peter and Bateman in 1983 
studied the incidence of URTI on marathon runners (56 km). The subjects were 150 random marathon participants and 
they were compared to 124 age-matched controls. Post two weeks of marathon 33.3% of the participants reported URTI 
in comparison to 15.3% from control group (38). Infact, a J shaped curve has been proposed by Nieman in 1997 
reflecting the relationship between upper respiratory tract infection risk and exercise load (39). According to this curve 
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moderate level exercise lowers the risk of URTI and intense workout results in transient immune suppression 
increasing the risk of URTI (Figure 4).  

 

Figure 4 The J shaped model showing the relationship depicted by Niemann,1997, between upper respiratory tract 
infection risk and exercise load 

The exercise induced immunosuppression though transient is of great importance in exercise immunology since acute 
respiratory infection, flu like symptoms hamper the scheduled training session for the athletes. 

The changes in immune response to exercise load is also age, sex and puberty related. Studies have shown that young 
boys and girls (12 years) recover from immune changes much more rapidly after strenuous cycling than their older 
counterparts (14 years). Also, the age-related immunologic response to exercise during childhood are more pronounced 
in the older girls than younger ones (40). 

Though moderate exercise may have beneficial effects, regular and vigorous exercise have been seen to reduce mucosal 
immunological markers. The most typical secretion employed for measuring secretory antibodies in the evaluation of 
mucosal immune status is saliva. Immediately following a period of vigorous exercise, salivary IgA and IgM 
concentrations decrease; however, they typically increase within 24 hours. Chronic suppression of salivary 
immunoglobulin levels might occur as a result of years of hard training. The intensity of exercise and the length or 
volume of training are related to immune suppression levels and rates of recovery after exercise. There is a higher risk 
of respiratory infection in athletes who have low levels of salivary IgM and IgA, particularly the IgA1 subclass (41). 

1.8. Molecular Underpinnings of Exercises 

The immune response is coordinated, regulated, and directly impacted by CD4 T cells. As part of immunosurveillance, 
CD4 T cells are always on the lookout for infections. They both control the early inflammatory response and chronic 
inflammation, which helps to mount a quicker and stronger immune response. They not only help other immune cells 
respond and remember things better, but they also directly contribute to the removal of pathogens. This meta-analysis's 
finding of an increased concentration of CD4 T cells indicates that regular exercise enhances these immune system 
activities and expedites the response. A considerate relationship has been established between regular physical exercise 
and immunological markers. Overall, there was a decrease in neutrophil concentration and a rise in CD4 T cell helpers 
and salivary immunoglobulin IgA concentration after the physical activity interventions, which lasted a median of 12 
weeks and included aerobic (walking, running, cycling) or resistance or combined aerobic and resistance activity 
delivered 3–5 times per week for an average of 30 min at moderate to vigorous intensity (42). 

2. Conclusion 

The WHO recommends that asymptomatic, healthy adults exercise for at least 150 minutes per week, while children 
and adolescents exercise for 300 minutes per week. Walking is the most beneficial type of exercise for obese people 
since it reduces the risk of musculoskeletal injury, requires no skills or training, and is practicable in most conditions. 
Weight training, on the other hand, is suggested for people of all ages since it includes long-term weight control and the 
preservation of metabolically active tissue. Thus, the amount of weight lost by exercise is proportional to its intensity, 
duration, and kind. Physical exercise has been significantly reduced in today's society as technology and innovation 
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have advanced. Experts recommend the primary type of exercise for prevention and management of hypertension to be 
endurance activities such as aerobic exercise, supplemented by dynamic resistance training. Benefits of exercise for 
management of type 1 diabetes and prevention and management of type 2 diabetes is multi-factorial. Firstly, physical 
activity contributes to weight loss, reducing percentage of body fat and thus prevention of obesity, consequently leading 
to decreased chances of diabetes. Secondly, exercise promotes a host of beneficial physiological changes that contribute 
to better prognosis of the condition. Regular exercise improves insulin sensitivity, glucose uptake and utilization, 
glycemic management, blood pressure, and lipid profile. Furthermore, long-term diabetic consequences such 
neuropathy, nephropathy, and retinopathy may be averted or postponed. It is important to note here that benefits are 
maximal when physical activity is regular and consistent throughout the week. Walking is considered as the best 
moderately intense aerobic exercise that is capable of inducing major benefits in a diabetic condition and is also 
negatively associated with the risk of developing the disease. Another crucial factor that a diabetic should consider 
before beginning any physical activity plan is exercise testing by a health professional. Many underlying cardiovascular 
diseases may be disguised in the person, but they may become apparent during or after activity. The immune system's 
potency and effectiveness cannot be entirely determined by immune cell count and antibody concentration on their 
own. However, it is logical to consider appropriate levels of physical activity can significantly contribute to the 
development of the overall fitness and health. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

References 

[1] Pedra-Rezende Y, Barbosa JMC, Bombaça ACS, Dantas-Pereira L, Gibaldi D, Vilar-Pereira G, Dos Santos HAM, 
Ramos IP, Silva-Gomes NL, Moreira OC, Lannes-Vieira J, Menna-Barreto RFS. Physical Exercise Promotes a 
Reduction in Cardiac Fibrosis in the Chronic Indeterminate Form of Experimental Chagas Disease. Front Immunol. 
2021 Nov 4;12:712034.  

[2] Laddu DR, Lavie CJ, Phillips SA, Arena R. Physical activity for immunity protection: inoculating populations with 
healthy living medicine in preparation for the next pandemic. Prog Cardiovasc Dis. 2020. 

[3] Nieman DC. Coronavirus Disease-2019: a tocsin to our aging, unfit, corpulent, and immunodeficient society. J 
Sport Health Sci. 2020. doi: 10.1016/j.jshs.2020.05.001. 

[4] Pedersen BK, Hoffman-Goetz L. Exercise and the immune system: regulation integration and adaption. Physiol 
Rev. 2000;80(3):1055–1081.  

[5] Pedersen BK, Rohde T, Ostrowski K. Recovery of the immune system after exercise. Acta Physiol Scand 1998; 162: 
325–332.  

[6] Severs Y, Brenner I, Shek PN, Shephard RJ. Effects of heat and intermittent exercise on leukocyte and sub-
population cell counts. Eur J Appl Physiol Occup Physiol 1996; 74: 234–245. 

[7] Li TL, Gleeson M. The effect of single and repeated bouts of prolonged cycling and circadian variation on saliva 
flow rate, immunoglobulin A and alpha-amylase responses. J Sports Sci 2004; 22: 1015–1024. 

[8] Degerstrøm J, Østerud B. Increased inflammatory response of blood cells to repeated bout of endurance 
exercise. Med Sci Sports Exerc 2006; 38: 1297–1303. 

[9] Nielsen HB, Secher NH, Christensen NJ, Pedersen BK. Lymphocytes and NK cell activity during repeated bouts of 
maximal exercise. Am J Physiol Regul Integr Comp Physiol 1996; 271: R222–R227. 

[10] R. J. Shephard and P. N. Shek, “Effects of exercise and training on natural killer cell counts and cytolytic 
activity,” Sports Medicine, 1999 ; 28: 177–195. 

[11] L. Millard, P. V. Valli, G. Stussi, N. J. Mueller, G. P. Yung, and J. D. Seebach, “Brief exercise increases peripheral blood 
NK cell counts without immediate functional changes, but impairs their responses to ex vivo 
stimulation,” Frontiers in Immunology 2013; 4: 125. 

[12] Simpson RJ, Campbell JP, Gleeson M, Krüger K, Nieman DC, Pyne DB, Turner JE, Walsh NP. Can exercise affect 
immune function to increase susceptibility to infection? Exerc Immunol Rev. 2020 ; 26:8-22.  



World Journal of Biology Pharmacy and Health Sciences, 2024, 18(02), 349–358 

357 

[13] J. E. Turner, G. Spielmann, A. J. Wadley, S. Aldred, R. J. Simpson, and J. P. Campbell, “Exercise-induced B cell 
mobilisation: preliminary evidence for an influx of immature cells into the bloodstream,” Physiology & Behavior 
2016 ; 164: 376–382. 

[14] K. Krüger, A. Lechtermann, M. Fobker, K. Völker, and F. C. Mooren, “Exercise-induced redistribution of T 
lymphocytes is regulated by adrenergic mechanisms,” Brain, Behavior, and Immunity, 2008:22: 324–338. 

[15] M. Suzui, T. Kawai, H. Kimura et al., “Natural killer cell lytic activity and CD56dim and CD56bright cell 
distributions during and after intensive training,” Journal of Applied Physiology 2004 ; 96: 2167–2173. 

[16] Mehta SK, Crucian B, Pierson DL, Sams C, Stowe RP. Monitoring immune system function and reactivation of 
latent viruses in the Artificial Gravity Pilot Study. J Gravit Physiol. 2007; 14((1)):21–5. 

[17] Sonnenfeld G. Including Earth-Based Benefits of Space-Based Research. The Immune System in Space 2005. 

[18] Bensimhon Daniel R., Kraus William E., and Donahue Mark P. Obesity and physical activity: A review. American 
Heart Journal 2006; 151 (3)  

[19] Hills Andrew P, Byrne Nuala M. Physical Activity In Managing Obesity. Clinics in Dermatology 2004; 22:315–318. 

[20] Vasan RS, Larson MG, Leip EP, Kannel WB, Levy D. Assessment of frequency of progression to hypertension in 
non-hypertensive participants in the Framingham Heart Study: a cohort study. Lancet. 2001; 358: 1682-1686.  

[21] MacMahon S, Peto R, Cutler J, et al. Blood pressure, stroke, and coronary heart disease. Part 1, Prolonged 
differences in blood pressure: prospective observational studies corrected for the regression dilution bias. 
Lancet. 1990; 335: 765-774.  

[22] Dickey Richard A., and Janick John J. Lifestyle modifications in the prevention and treatment of hypertension. 
Endocr Pract 2001; 7(5), 392-399 

[23] Pescatello, L. S., D. M. Buchner, J. M. Jakicic, K. E. Powell, W. E. Kraus, B. Bloodgood, W. W. Campbell, S. Dietz, L. 
Dipietro, S. M. George, R. F. Macko, A. Mctiernan, R. R. Pate, And K. L. Piercy. Physical Activity to Prevent and Treat 
Hypertension: A Systematic Review. Med. Sci. Sports Exerc., 2019; 51 :1314–1323. 

[24] Kokkinos Peter F., Giannelou Angeliki, Manolis Athanasios, Pittaras Andreas. Physical Activity in the Prevention 
and Management of High Blood Pressure. Hellenic Journal of Cardiology 2009, 50: 52-59  

[25] Haffner SM, Miettinen H, Gaskill SP, and Stern MP. Decreased insulin secretion and increased insulin resistance 
are independently related to the 7-year risk of NIDDM in Mexican-Americans. Diabetes 1995; 44: 1386–1391. 

[26] Lillioja S, Mott DM, Spraul M, Ferraro R, Foley JE, Ravussin E, Knowler WC, Bennett PH, and Bogardus C. Insulin 
resistance and insulin secretory dysfunction as precursors of non-insulin-dependent diabetes mellitus. 
Prospective studies of Pima Indians. N Engl J Med 1993; 329: 1988 –1992. 

[27] Reaven GM, Brand RJ, Chen YD, Mathur AK, and Goldfine I. Insulin resistance and insulin secretion are 
determinants of oral glucose tolerance in normal individuals. Diabetes 1993; 42: 1324–1332. 

[28] DeFronzo RA. The triumvirate: beta-cell, muscle, liver. A collusion responsible for NIDDM. Diabetes 1998; 37: 
667–687.  

[29] Hamman RF. Genetic and environmental determinants of non-insulin- dependent diabetes mellitus (NIDDM). 
Diabetes Metab Rev 1992; 8: 287–338. 

[30] Hayes Charlotte & Kriska Andrea. Role of Physical Activity in Diabetes Management and Prevention. J Am Diet 
Assoc 2008; 108:S19-S23.  

[31] Gill Jason M.R. and Cooper Ashley R. Physical Activity and Prevention of Type 2 Diabetes Mellitus. Sports Med 
2008; 38 (10): 807-824. 

[32] Joël Oger. Immunosuppression: Promises and failures. Journal of the Neurological Sciences 2007; 259; 74–78. 

[33] Jerry M. Rice. Tumour Site Concordance and Mechanisms of Carcinogenesis, Immunosuppression. 165. 

[34] Heise ER. Diseases associated with immunosuppression. Environ Health Perspect. 1982 ;43:9-19. 

[35] Rathee, Permender & Chaudhary, Hema & Rathee, Sushila & Rathee, Dharmender & Kumar, Dr. 
Immunosuppressants: A Review. The Pharma Innovation – Journal 2012.  

[36] Roy J. Shephard. Development of the discipline of exercise immunology. History of exercise immunology 2010. 



World Journal of Biology Pharmacy and Health Sciences, 2024, 18(02), 349–358 

358 

[37] Maughan R.J., Gleeson M. The Biochemical Basis of Sports Performance. 2nd. Oxford University Press; Oxford, UK: 
2010. 

[38] Peters EM, Bateman ED. Ultramarathon running and upper respiratory tract infections. An epidemiological 
survey. S Afr Med J. 1983; 1;64(15):582-4.  

[39] Nieman D.C. Risk of upper respiratory tract infection in athletes: An epidemiologic and immunologic perspective. 
J. Athl. Train. 1997;32:344–349. 

[40] Timmons B.W., Tarnopolsky M.A., Snider D.P., Bar-Or O. Immunological changes in response to exercise: Influence 
of age, puberty, and gender. Med. Sci. Sports Exerc. 2006;38:293–304. 

[41] Maree Gleeson, David B Pyne. Exercise effects on mucosal immunity 2000, 1440-1711.  

[42] Chastin, S.F.M., Abaraogu, U., Bourgois, J.G. et al. Effects of Regular Physical Activity on the Immune System, 
Vaccination and Risk of Community-Acquired Infectious Disease in the General Population: Systematic Review 
and Meta-Analysis. Sports Med 2021; 51, 1673–1686.  


