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Chronic Physiological Adaptations to Exercise Across the Lifespan

Chronic Responses to regular Exercise-
Adaptations to the cardio-vascular system can vary greatly depending on the mode, intensity and duration of training.  For this reason, many different modes of cardio-vascular based training have been developed such as high intensity interval training (HIIT), steady state endurance training and circuit training. A meta-analysis published by Reimers, Knapp and Reimers (2018) stated that regular exercise causes a reduced resting heart rate. A study published by Nystoriak and Bhatnagar (2018) stated that as well as reducing resting heart rate, regular exercise stimulates cardiac hypertrophy, this means regular exercise makes the heart bigger and stronger contributing to a stronger cardiac contraction. Cardiovascular endurance training results in Left ventricle hypertrophy (Hedge and Solomon, 2015), therefore cardiovascular endurance training can result in increased stroke volume as stroke volume is the “volume of blood pumped out of the heart's left ventricle during each systolic cardiac contraction.” (Bruss and Raja 2022). Systole is the phase where blood is ejected from the heart hence “systolic contraction”, diastole is the phase where the heart opens and fills up with blood (Smith, 2022). In order to ensure the body is still receiving adequate oxygen at a lower heart rate the amount of blood pumped around the body per cardiac contraction must increase, this ensures that cardiac output remains the same. “Cardiac output (CO) is the blood volume the heart pumps through the systemic circulation over a period measured in liters per minute.” Bruss and Raja (2022). A paper published by Edwards et al., (2023) stated that various different modes of training such as aerobic training, resistance training, high-intensity interval training and isometric exercise training are effective at reducing both systolic and diastolic blood pressure.
The respiratory system is made up by the airway, lungs, blood vessels and muscles such as the diaphragm and intercostal muscles (Hackett, 2020). These organs are responsible of the gas exchange between oxygen which is inhaled and carbon dioxide which is exhaled. Respiration involves external and internal respiration. External respiration is the exchange of oxygen and carbon dioxide, and internal respiration is the exchange of oxygen and carbon dioxide at the cellular level (Smith, 2022). Regular exercise strengthens the diaphragm and intercostal muscles, resulting in more efficient respiration (Patel, Zwibel and Horenstein, 2022). Regular exercise also increases the efficiency of oxygen intake and carbon dioxide expiration, thus improving gas exchange. (Patel, Zwibel and Horenstein, 2022). Brown et al., (2013) found that elite level powerlifters exhibited greater diaphragm size and greater ventilatory muscle strength, this suggests that resistance training may improve respiration efficiency. However, seeing as these are elite athletes, their large diaphragm size and ventilatory muscle strength may be due to superior genetics, not caused by their training. 
Muscle hypertrophy refers to the growth of muscle cells (Schoenfeld et al., 2021). Schoenfeld et al., (2021) also found that both high load (heavy weight) and low load (lighter weight) resistance training are effective at stimulating muscular hypertrophy when exercises are taken close to failure. Muscular endurance is the ability to reduce muscular fatigue whilst performing a movement or exercise repeatedly at a submaximal resistance level, the mechanisms for improved muscular endurance are “increased buffering and oxidative capacity, an increase in capillarization and mitochondrial density, and enhanced metabolic enzyme activity (Schoenfeld et al., 2021). Schoenfeld et al., (2021) also states that “Although there is no generally accepted submaximal percentage for relative muscular endurance testing, it most commonly is assessed using loads between 40% and 60% 1RM.”. AS 40 to 60% of one rep max (1RM) is the weight most commonly used to test muscular endurance, this is most likely the range of resistance that is most conducive to enhancing muscular endurance. Muscular strength is the body’s ability to produce a force against resistance, the optimal weight and repetition range to develop muscular strength is greater than or equal to 80% 1RM for 1-5 repetitions (Schoenfeld et al., 2021). Neuromuscular adaptations primarily involve improved skill acquisition via the nervous system and enhanced maximal muscle activation through better motor unit synchronization, increased muscle recruitment, and heightened neural activation (Hughes, Ellefsen and Baar, 2018).
Regular exercise improves insulin sensitivity and ensures balanced levels of blood glucose. Adaptations to skeletal muscle are a large factor in ensuring blood glucose homeostasis as skeletal muscle is where most blood glucose is disposed (Stanford, Middlebeek and Goodyear, 2015). Regular exercise can also reduce white adipose tissue, which is responsible for lipid storage, hormone production and immune function. An accumulation of white adipose tissue can increase the risk of type 2 diabetes (Stanford, Middlebeek and Goodyear, 2015). Long term caloric restriction decreases adipocyte size (fat cell), regular exercise can aid in calorie restriction as people who exercise regularly require more calories (Chinnapaka et al., 2024).Proteins known as myokines are secreted into the muscle as a result of resistance training, these proteins regulate the metabolism and promote the use of adipose tissue for energy which reduces fat mass (Kim and Kim, 2020).



Physical Activity and Health Across the Lifespan-
As previously mentioned, a meta-analysis published by Reimers, Knapp and Reimers (2018) stated that regular exercise causes a reduced resting heart rate, and a lower resting heart rate is positively correlated with mortality, this suggests that regular exercise can help prolong lifespan. A study by Bundy et al., (2017) suggests that reducing systolic blood pressure greatly reduces the risk of cardio-vascular disease and all-cause mortality and as stated by Edwards et al., 2023, various types of exercise are effective at reducing systolic blood pressure. Hypertension (prolonged elevated blood pressure) can cause hypertrophy of the left ventricle which can progress to heart disease which suggests that not only will preventing or managing hypertension prolong lifespan but also improve quality of life (Tackling and Borhade, 2023). Hypertrophy of the left ventricle is caused by an increased workload, as regular exercise can reduce resting blood pressure and reduce stroke volume, reduced resting heart and increased stroke volume may be large factors in the mechanism of prolonging lifespan through exercise.
As previously stated by Patel, Zwibel and Horenstein (2022), regular exercise strengthens the diaphragm and intercostal muscles. A dysfuntional diaphragm can result in various disorders, such as respiratory insufficiency, exercise intolerance, sleep disturbance, and potential mortality (Hamasaki, 2020). It is important to note that this information was stated in a paper that intends to assess deep breathing technique's effect on health, not regular exercise and therefore the information may be invalid. Respiratory insufficiency or respiratory failure as it is also known, “results from failure of the cardiopulmonary system to maintain adequate oxygenation, even in the face of high inspired concentrations of oxygen or to eliminate carbon dioxide that is a product of metabolism.” (Raju and Manthous, 2000).
Resistance training increases muscle mass, this will improve strength and physical function such as gait and everyday tasks like standing up from a chair (McLeod et al., 2023). This will improve the quality of life for the elderly as sarcopenia is a common condition amongst elderly people. Sarcopenia is the decline in muscle mass and function among older adults, which impairs mobility, lowers quality of life, and increases the risk of fall-related injuries, often necessitating expensive hospital stays and prolonged injury rehabilitation (Larsson et al., 2019). A paper published by Wang et al., (2023) stated that resistance training was effective in increasing bone mineral density in postmenopausal women and that over 200 million women worldwide suffer from osteoporosis due to reduced estrogen post menopause. The same study also stated that training at 65%–80% 1RM, 3 days/week was effective in reducing the risk of osteoporosis. Wang et al., (2023) also stated that osteoporosis increase the risk of bone fracture due to falling which may suggest that resistance training is effective in reducing fall injury risk in the elderly as they are prone to falls.
Regular exercise largely reduces the risk of long-term metabolic diseases, including non-alcoholic fatty liver disease (Thyfault and Bergouignan, 2020). Regular exercise and physical activity are often prescribed as a clinical modality to prevent type 2 diabetes and decrease blood glucose concentrations in people with type 2 diabetes (Stanford, Middlebeek and Goodyear, 2015). A paper published by Kim and Kim (2020) states that increased muscle mass due to regular exercise and specifically resistance training reduces the risk of insulin resistance. Insulin mediated uptake by the glucose transporter GLUT4 occurs in skeletal muscle, therefore reduced muscle tissue results insulin resistance and negatively altered glucose tolerance as GLUT4 is responsible for transporting glucose into muscle cells as well as the bloodstream and adipose tissue. 
A study published by Xu et al., (2023) stated that regular exercise through a variety of modes and intensities of training can help reduce cognitive decline in the elderly. The study also stated that cognitive decline in the elderly is largely related to reduced elasticity of the carotid artery which supplies blood to the brain. It also states that due to exercise’s effect on cardiovascular function may be the mechanism for reducing cognitive decline in the elderly.
Conclusion-
In conclusion, regular exercise improves cardiovascular health and all-cause mortality by reducing resting heart rate, increasing stroke volume and reducing blood pressure. These are all factors that influence the risk of hypertension and cardiovascular diseases. These improvements in cardio-vascular function are also associated with reducing decline in cognitive function as better cardiovascular will allow better blood supply to the brain.
 Consistent and proper resistance training through a range of repetitions, loads and volumes increases muscular strength, endurance and increases skeletal muscle mass. Increased muscular strength and muscle mass aid elderly populations who are at risk of sarcopenia in reducing the risk of falls and increasing their ability to perform everyday tasks thus improving their quality of life. Increased muscle mass also helps to regulate metabolism and reduce adipose tissue. Resistance training also increases bone mineral density which helps reduce the risk of fractures for populations at risk of fall related injuries such as the elderly and postmenopausal women.
Regular exercise also reduces the risk of insulin resistance and type 2 diabetes.

References-
Reimers, A., Knapp, G. and Reimers, C.-D. (2018). Effects of Exercise on the Resting Heart Rate: a Systematic Review and Meta-Analysis of Interventional Studies. Journal of Clinical Medicine, [online] 7(12), p.503. doi:https://doi.org/10.3390/jcm7120503.


Bruss, Z.S. and Raja, A. (2022). Physiology, Stroke Volume. [online] Nih.gov. Available at: https://www.ncbi.nlm.nih.gov/sites/books/NBK547686/ [Accessed 17 Mar. 2025].

Nystoriak, M.A. and Bhatnagar, A. (2018). Cardiovascular Effects and Benefits of Exercise. Frontiers in Cardiovascular Medicine, [online] 5(135). doi:https://doi.org/10.3389/fcvm.2018.00135.

Hegde, S.M. and Solomon, S.D. (2015). Influence of Physical Activity on Hypertension and Cardiac Structure and Function. Current Hypertension Reports, [online] 17(10). doi:https://doi.org/10.1007/s11906-015-0588-3.

Smith, D. (2022). Exercise Physiology For Health Fitness And Performance. S.L.: Wolters Kluwer Medical.

Patel, P.N., Zwibel, H. and Horenstein, M. (2022). Exercise Physiology. [online] PubMed. Available at: https://www.ncbi.nlm.nih.gov/books/NBK482280/.
Schoenfeld, B.J., Grgic, J., Van Every, D.W. and Plotkin, D.L. (2021). Loading Recommendations for Muscle Strength, Hypertrophy, and Local Endurance: a Re-Examination of the Repetition Continuum. Sports, [online] 9(2), p.32. doi:https://doi.org/10.3390/sports9020032.

Hughes, D.C., Ellefsen, S. and Baar, K. (2018). Adaptations to endurance and strength training. Cold Spring Harbor Perspectives in Medicine, [online] 8(6). doi:https://doi.org/10.1101/cshperspect.a029769.

Thyfault, J.P. and Bergouignan, A. (2020). Exercise and metabolic health: beyond skeletal muscle. Diabetologia, 63(8), pp.1464–1474. doi:https://doi.org/10.1007/s00125-020-05177-6.

Bundy, J.D., Li, C., Stuchlik, P., Bu, X., Kelly, T.N., Mills, K.T., He, H., Chen, J., Whelton, P.K. and He, J. (2017). Systolic Blood Pressure Reduction and Risk of Cardiovascular Disease and Mortality. JAMA Cardiology, [online] 2(7), pp.775–781. doi:https://doi.org/10.1001/jamacardio.2017.1421.

Edwards, J.J., Deenmamode, A.H.P., Griffiths, M., Arnold, O., Cooper, N.J., Wiles, J.D. and O’Driscoll, J.M. (2023). Exercise training and resting blood pressure: a large-scale pairwise and network meta-analysis of randomised controlled trials. British Journal of Sports Medicine, [online] 57(20). doi:https://doi.org/10.1136/bjsports-2022-106503.

Tackling, G. and Borhade, M.B. (2023). Hypertensive Heart Disease. [online] National Library of Medicine. Available at: https://www.ncbi.nlm.nih.gov/books/NBK539800/.

Raju, P. and Manthous, C.A. (2000). Respiratory Care Clinics of North America, 6(2), pp.195–212. doi:https://doi.org/10.1016/s1078-5337(05)70068-x.


Mcleod, J.C., Currier, B.S., Lowisz, C.V. and Phillips, S.M. (2023). The Influence of Resistance Exercise Training Prescription Variables on Skeletal Muscle Mass, Strength, and Physical Function in Healthy adults: an umbrella review. Journal of Sport and Health Science, [online] 13(1). doi:https://doi.org/10.1016/j.jshs.2023.06.005.

Larsson, L., Degens, H., Li, M., Salviati, L., Lee, Y. il, Thompson, W., Kirkland, J.L. and Sandri, M. (2019). Sarcopenia: Aging-Related Loss of Muscle Mass and Function. Physiological Reviews, 99(1), pp.427–511. doi:https://doi.org/10.1152/physrev.00061.2017.

Wang, Z., Zan, X., Li, Y., Lu, Y., Xia, Y. and Pan, X. (2023). Comparative efficacy different resistance training protocols on bone mineral density in postmenopausal women: A systematic review and network meta-analysis. Frontiers in Physiology, [online] 14. doi:https://doi.org/10.3389/fphys.2023.1105303.

Kim, G. and Kim, J.H. (2020). Impact of Skeletal Muscle Mass on Metabolic Health. Endocrinology and Metabolism, 35(1), p.1. doi:https://doi.org/10.3803/enm.2020.35.1.1.




	
	
	



