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Chronic Physiological Adaptations to Exercise 

Cardiovascular responses to exercise
The cardiovascular system is responsible for regulating body temperature, pH levels and fluid balance, alongside transporting oxygen and nutrients to cells within the body and to transport carbon dioxide and waste products from the cells. The cardiovascular system is also responsible for protecting the body from blood loss and infection (Smith et al., 2023). 
One cardiovascular response to exercise is cardiac output. Cardiac output is “the amount of blood pumped per minute by the heart” (Smith et al., 2023). The distribution of blood flow to different organs adjusts during exercise alongside an increase in cardiac output during exercise. Smith et al., (2023) explains that during light exercise, the most drastic change in cardiac output distribution is the increased blood flow to working muscles in order to support energy production. “An increase in cardiac output would decrease the efficiency of oxygen uptake at muscle cells without muscle capillary growth” (Farrell and Turgeon, 2023). A 20% increase in capillary density is found to happen following 8 weeks of aerobic exercise (Farrell and Turgeon, 2023). During rest, an individual's cardiac output is approximately 5 liters per minute. However, during exercise, this can increase to 30 liters per minute. This is due to an increase in both stroke volume and heartrate (BBC, 2025). Stroke volume  is “the volume of blood ejected from the ventricles with each beat, expressed as milliliters per best or simply in milliliters” (Smith et al., 2023). Stroke volume will rapidly increase during the first couple of minutes when exercising but will plateau when approximately 40-50% of VO2 max is achieved and then have a negative drift when 30 minutes or more of exercise is completed. Therefore, stroke volumes response to exercise does not depend solely upon intensity (Smith et al., 2023).


Muscular responses to exercise
The largest muscle within the human body is the skeletal muscle. The skeletal muscles allow individuals to complete movements such as running, jumping, throwing and climbing. The first type of muscle fibers is known as slow twitch fibers due to their slow contraction and the second type of muscle fibers are known as fast twitch fibers due to their fast contraction. Slow twitch fibers are more energy efficient and slow twitch fibers are more resistant to fatigue (Lievens et al.,2021). Short, sharp and quick movements such as a sprint will require characteristics of fast-twitch fibers such as power and anaerobic metabolism. Sporting events such as a marathon will require characteristics of slow-twitch fibers such as energy efficiency (Lievens et al.,2021).
Aerobic endurance training and resistance training are both shown to elicit muscle hypertrophy and growth. Farrell and Turgeon (2023) state that effective aerobic exercise for 30-45 minutes for 4 days each week will allow potential to induce muscle growth.





Respiratory responses to exercise
“Respiratory activity is crucial for both aerobic and anerobic energy production, with breathing patterns adjusting to the specific demands of each metabolic state” (Yinling et al., 2024). Deep breathing will take place during aerobic conditions to ensure there is an adequate supply of oxygen. Anaerobic activities, however, will require shallow breaths at a rapid pace in order to expel metabolic by-products such as lactic acid and carbon dioxide. Yinling (2024) explains that respiration rate affects oxygen saturation, muscle strength, autonomic nervous system activity, carbon dioxide partial pressure and cardiovascular system performance. 
Tidal volume “is the amount of air that moves in or out of the lungs with each respiratory cycle” (Hallett et al., 2023). In relation to pulmonary ventilation, during both short-term, light to moderate submaximal aerobic exercise and long term, moderate to heavy submaximal aerobic exercise tidal volume will increase rapidly then plateau. Following incremental aerobic exercise to maximum effort, tidal volume would have truncated and inverted a U-shape curve. It will also show a positive curvilinear rise.

Metabolic responses to exercise
[bookmark: _Int_BjWEN8fm][bookmark: _Int_PUJxAlGr]In order for athletes to enhance their sporting performance, it requires them to gain an understanding surrounding variations in muscle glycogen content when responding to training and diet for example (Murray and Rosenbloom, 2018). Glycogen particles are broken down therefore freeing glucose molecules that muscle cells oxidize through aerobic and anaerobic processes in order to produce ATP (adenosine triphosphate) molecules that are required for muscular contraction. This is during intermittent and intense physical activity over a prolonged period of time. The higher the intensity of physical activity therefore results in muscle glycogen degrading at a greater rate (Murray and Rosenbloom, 2018).


Physical Activity and Health across the Lifespan 
 
The National Health Service (2024) explain that exercise can reduce the risk of major illnesses such as stroke, cancer, coronary heart disease, type 2 diabetes and reduce the risk of an early death by up to 30%. Adults aged 19 –64 are advised to complete a minimum of 75 minutes of vigorous intensity activity each week such as sprinting or 150 minutes of moderate intensity physical activity such as walking (Department for Education, 2019).

Children and Adolescents
By children engaging in regular physical activity, it will reduce an increase in excess rate therefore reducing the chances of respiratory complications, sleep problems, type 2 diabetes, metabolic disorders and an incapacity to exercise. Genetics and parental support for example may also impact upon a child's weight. Research believes that engagement in aerobic fitness and a reduction in BMI uphold health benefits alongside positive academic progress (Archer, 2014). Physical activity for children can lead to an increase in peak bone mass resulting in a reduced risk of fractures and osteoporosis throughout their lifetime. Furthermore, the muscle mass of adolescents is known to increase following physical activity alongside an increase in muscle tissue of young adults (Pediatria, 2024).

Adulthood 
“Physical activity is essential for healthy aging, and it can be beneficial at any stage of life” (NIH, 2025). Short-term effects of physical activity include reduced feelings of anxiety, improved sleep and reduced blood pressure. By adults engaging in regular aerobic, balance and muscle strengthening activities it will benefit the health of each individual. Living a physically active lifestyle will allow adults to experience and improve their health related quality of life alongside being able to experience the benefits this will have upon daily life when completing daily tasks such as carrying shopping for example (NIH, 2025). As exercise is a voluntary control, adults are responsible for ensuring they live physically active lifestyles when able to in order to maintain a healthy weight. Alongside diet and nutrition, meeting recommended guidelines for physical activity can contribute to a reduction in excess weight. Therefore, adults would need to ensure that energy expenditure exceeds the intake for weight loss and therefore equal the intake for weight maintenance (Donnelly EDD, 2004).


Older Adults
Sarcopenia is an age-related muscle wasting disease that is rapidly growing. This disease is estimated to become life threatening following negative consequences such as disability and falls (Chen, 2023). Engagement in physical activity is known to improve the muscle mass and muscle strength of elderly individuals. Therefore, if elderly individuals were to participate in physical activity, they would strengthen their muscles which would help to improve balance and therefore reduce falls and fractures for example. 
Osteoporosis is “a health condition that weakens bones, making them fragile and more likely to break. It develops slowly over several years and is often only diagnosed when a fall or sudden impact causes a bone to break” (NHS,2022). Osteoporosis highlights common injuries such as broken wrists, broken spinal bones and a broken hip. Participating in regular physical activity that involves weight bearing movements such as running and aerobics alongside resistance exercises such as press-ups or weightlifting will improve bone density and therefore prevent osteoporosis in individuals (NHS, 2022).


Sedentary Lifestyle
A lack of engagement in physical activity can lead to multiple health problems such as metabolic disorders, psychological distress, musculoskeletal degeneration, cognitive decline and cardiovascular decline. With an increase in sedentary behavior in young people, this behaviour is being carried through to adulthood therefore resulting in long term negative health consequences (Grzelak, 2024). Sedentary behaviour will impact upon the cardiovascular health of individuals as prolonged sitting for example can lead to metabolic changes such as decreased levels of HDL cholesterol and increased levels of low-density lipoprotein (LDL) which is known to increase the risk of a heart attack. After a plaque buildup within the arteries, they will narrow and harden therefore reducing oxygen flow to the heart and vital organs. A sedentary lifestyle can also contribute to the development of metabolic disorders such as type 2 diabetes. An increased time spent being inactive can imbalance energy expenditure therefore leading to weight gain. Grzelak (2024) explains that even a time period of 14 days spent participating in reduced physical activity can decrease insulin sensitivity across multiple organs. Furthermore, sedentary behaviour can affect an individual's musculoskeletal health. It could lead to back pain, a reduction in muscle mass and have detrimental effects upon bone health. An example of this could be a degenerative joint disease caused by a breakdown of cartilage leading to knee osteoarthritis (Grzelak, 2024).

Conclusion
Research has confirmed that engaging in physical activity will provide many different responses to exercise. Firstly, it will produce cardiovascular responses to exercise such as cardiac output. This responds to exercise due to an increased amount of blood required to be pumped from the heart per minute. Working muscles will require more blood flow in order to support energy production. Secondly, research explained that individuals have different fiber types depending upon their sporting activity. Furthermore, research has explained that respiratory responses to exercise such as tidal volume impact an individual after exercise. For example, when completing exercise of a light and moderate intensity, tidal volume will increase rapidly then plateau. There are also metabolic responses to exercise and this includes glycogen storage. Furthermore, research has shown that participation in regular physical activity has multiple health benefits upon an individual such as reducing the chance of coronary heart disease and type 2 diabetes. However, if individuals meet the recommended guidelines for physical activity, they are more likely to experience the benefits that engaging in regular physical activity holds. For children and adolescents, engagement in physical activity will increase their bone mass therefore reducing the chance of fractures and osteoporosis throughout their lifetime. Also, physical activity is essential for healthy ageing and can offer many physiological benefits upon individuals from being a young child into adulthood. These benefits improve the overall benefit of muscle mass leading to more ease when completing day to day tasks such as carrying shopping for example. Research surrounding sarcopenia within older adults has revealed that by ensuring movements to improve balance for example occur often, this could help to decrease the chance of falling and fracturing a bone. Moreover, living a sedentary life has been revealed to cause multiple health problems such as cardiovascular decline and metabolic disorders. Due to this, it is essential that individuals try to reduce sedentary behavior to therefore avoid experiencing the negative effects it has. 
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