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Physical and Physiological Responses to Exercise: Linking Physical Activity and Health

Chronic Physiological Adaptations to Exercise 

Bone- exercises increase bone density, weight bearing and resistance exercises stimulate bone forming cells called osteoblast, this leads to stronger bones and help to prevent osteoporosis. Bones get stronger with weight bearing and resisted exercises, this is due to mechanical loading, when you jump, run or lift the pressure and forces that go through your bones cause stress. This acts as a signal for your bones to get stronger and for the osteoblast to lay more bone tissue (Hong,. R. and Kim,. S.W. 2018).

Blood vessels- aerobic exercise increases blood circulation, due to the heart getting stronger. With regular exercise the blood vessels elasticity improves, this means they can expand and contract effectively to allow more blood to flow and also lower the risk of hypertension.

Exercise can lower the Low Density Lipoprotein (LDL) cholesterol and increases the High Density Lipoprotein (HDL) cholesterol, this prevents the build up of plaque in the arteries, reducing the risk of atherosclerosis, a condition where the arteries become hardened and narrowed which can lead to the risk of heart disease (Muscella., A. Stefano., E, Marsigliante., S 2020).

Capillary angiogenesis is the formation of new capillary growth in muscles and other tissue. This will lead to a better and a more efficient delivery of nutrients and oxygen. When you do aerobic exercises your muscles demand for more oxygen and nutrient increases, when the muscles work harder they experience hypoxia, a state of low oxygen levels, in response to hypoxia the body releases vascular endothelial growth factors (VEGF) and fibroblast growth factors (FGF) to form more capillaries also called angiogenesis (Ross,. M et al 2023).

Lower resting heart rate- Regular aerobic exercise enhances the heart's effectiveness by strengthening the heart muscle a process known as physiological hypertrophy. This strengthening allows the heart to pump more blood with each beat and increasing the stroke volume. The left ventricle is particularly affected by this change. Consequently, the heart does not have to work as hard at rest to maintain healthy circulation. Additionally exercise can also improves the elasticity of blood vessels, enabling them to expand and contract more effectively (Sharma., S. Merghani. A. Mont., L 2015).

Skin health- regular exercise stimulates type 1 collagen production this is a protein that helps to maintain the skin's elasticity and firmness. It increases blood flow to the skin and delivers more nutrients and oxygen to the skin. This helps the appearance of skin blemishes, fine lines and wrinkles (Nishikori, S. et al 2023). 

Mental health- exercise helps to lower the body stress hormones such as cortisol and increases the feel good hormones known as endorphins. This combination reduces feeling of sadness, stress and anxiety. The release of endorphins can help to improve mood and overall positivity (Basso., J. Suzuki., W. 2017). 

Enhances cognitive function - Exercise enhances cognitive function by improving brain health and promoting the growth of new cells. This can lead to improvements in memory, mental clarity, and focus. The process known as neurogenesis involves the creation of new neurons in the brain's hippocampus, an area critical for memory and learning. When you exercise, your body releases Brain-Derived Neurotrophic Factor (BDNF), a protein that supports neural growth. Additionally, exercise increases blood flow to the brain, providing more oxygen and nutrients that are essential for optimal neural function. This increase in blood flow also supports the formation of new blood vessels, a process called angiogenesis (Liu & Nusslock, 2018).

Reduction of Visceral Fat
Visceral fat is the fat stored within the abdominal cavity, surrounding vital organs like the liver, pancreas, and intestines. High levels of visceral fat are linked to serious health issues such as heart disease, certain cancers, type 2 diabetes, and liver disease.
Exercise can help reduce or prevent the accumulation of visceral fat by increasing the body's ability to burn stored fat for fuel. Aerobic exercises, such as running, swimming, and cycling, especially when done for extended periods, are effective in utilizing stored fat, including visceral fat, as an energy source.
Regular exercise activates lipolysis, the process in which the body breaks down fat for energy, thereby reducing visceral fat stores over time (Laurens., C. et al 2020).

Energy system 
ATP-PC system is in charge of providing quick bursts of energy during high intensity activities that is done in short burst of time. Training at this intensity improves the body’s ability to store more phosphocreatine in the muscles, which allows for faster recovery and more explosive power during repeated efforts. 
This system is particularly important for activities like sprints, heavy lifting, and explosive movements that last only a few seconds (Sahlin., k 2014). 
Glycolytic system – The glycolytic system is used during activities that require energy for durations of 10 seconds to 2 minutes. High intensity interval training (HIIT) and resistance training improve the body’s ability to break down glycogen (stored glucose) more efficiently. This helps reduce the buildup of lactic acid, which causes the muscle to fatigue, and allows for better performance during anaerobic activities like sprints or circuit training (Torma., F. et al 2019). 
Oxidative system – The oxidative system provides energy during low to moderate intensity, and long duration activities. Endurance training increases the number of mitochondria (the energy powerhouses in cells) within muscle cells. This enhances the body’s ability to use oxygen more efficiently and improves endurance by allowing the body to burn fat and carbohydrates for energy over longer periods of time (Huertas, J.R., et al 2019). 
 

Physical Activity and Health across the Lifespan
 
Childhood and Adolescence
Growth and development- taking part in physical activity like resistance trainging, the muscles are under stress this causes micro fiber tears that damage the muscle fibers, during this the body repair mechanisms get stimulated that leads to muscle hypertrophy, as the muscles recover they get stronger (Schoenfeld, B.J. 2010).

Long-Term Potentiation (LTP) - In physical activities when performing tasks repeatedly this strengthens the synapses (the junction where two nerve cells meet) between neurons this allow them to send signals more quickly. This process known as long-term potentiation and makes it easier for the brain to recall and perform the task with less effort. The more you practice, the more efficient the brain becomes at performing the movement due to the neural connections becoming stronger and more streamlined (Vints., W.a.j. et al 2022).  
 
The neuromuscular connection consists of motor neurons, which are nerve cells that transmit signals from the brain to the spinal cords and the muscles this will tell the muscles to contract or relax. The neuromuscular junction is the pointwhere the motor neuron meets the muscle fibres. here the motor neuron releases a neurotransmitter called acetylcholine. this chemical activates the muscle fibre and causes it to contract. The effects that exercise has in this system by strengthening the connection and allowing for a better movement and motor control (Carroll, T.J., Riek, S. and Carson, R.G 2001).
  
Adulthood  
Metabolic health- Exercises help regulate blood sugar levels and improve insulin sensitivity. This, in turn, will help to reduce the risk of type 2 Diabetes. Exercise is also great for controlling weight by balancing energy expenditure and consumption, which can prevent obesity and other health conditions like hypertension, cardiovascular diseases, and certain cancers.  
Cardiovascular health- when engaging in aerobic exercises such as running, cycling, and swimming for 30 minutes can benefit the health of the heart by reduceing high blood pressure and improve cholesterol levels. Regular exercise also enhances the elasticity of blood vessels and allowing them to expand and contract more efficiently, which improves circulation. Additionally exercise lowers the risk of atherosclerosis a condition characterised by clogged arteries due to fatty deposits that can block the flow of blood (Colberg, S. R. et al. 2016).  
  
Elderly   
Reducing the Risk of Falls- Balance exercises for older adults are essential in preventing falls and minimising the risk of injuries. These exercises help individuals to gain better control of their body awareness and posture.  
  
Neuroplasticity- when taking part in regular exercise, can improve the brain function and promote neuroplasticity which is the process of developing new neural connections. This is crucial for memory and cognitive function in older adults, as it helps reduce the risk of dementia, Alzheimer's disease, and mental decline (Liu & Nusslock 2018).  
  
Enhanced Neurological Function- Exercise promotes neuroplasticity and stimulates activities in the cerebellum, improving communication between the brain and muscles. The cerebellum, located at the back of the brain, plays avital role in balance, coordination, and motor control. Engaging in exercises that focus on balance and coordination activates this area of the brain, leading to improvement in the processing of and integration of information from the senses, including muscles, joints, and vision (Petzinger., G.M. et al 2013).   
 
Bone and muscle health - taking part in weight-bearing exercises puts mechanical loading onto the bones, which stimulates bone-forming cells called osteoblasts. This helps to increase bone density and prevent osteoporosis.  
Exercise also stimulates collagen production, which is a protein that is essential for the health of bones and joints; this will help in keeping the elasticity and structure of the joints and bones. 
Resistance training like weight lifting can reduce muscle wasting, also called sarcopenia. Sarcopenia is caused by aging and inactivity.
 











Conclusion 
Exercise plays a crucial role in keeping healthy across the lifespan by offering numerous benefits to different systems of the body like bones, muscles and the mind. 
Being active In childhood and adolescence supports the growth and development of the muscles and helps to keep the mind active and developing; this is done by stimulating muscle hypertrophy through mico tears that are caused by resistance exercises and once repaired, they get stronger (Schoenfeld., B.J. 2010). Long-term potentiation (LTP) increases the function of the brain by strengthening the synapses between neurons, making it easier to perform tasks with less effort over time (Vints., W.A.J. et al. 2022). And how neuroplasticity aids in motor control by strengthening the connection of neurons and improving muscle movements (Carroll, T.J., Riek, S., and Carson, R.G. 2001). 
 
In adulthood, exercises help to improve metabolic health by building muscle and reducing fat as well as insulin sensitivity by regulating blood sugar levels; this can help to reduce the risk of type 2 Diabetes, in addition to doing regular aerobic exercises that last longer than 30 minutes will significantly improve cardiovascular health, and can help to reduce high blood presser and improve circulation.  
 
For older people, keeping fit and active can maintain bone and muscle health; doing weight-bearing exercises can stimulate osteoblasts, which lead to stronger and dense bones that have less chance of breaking due to osteoporosis. Exercise also helps to combat sarcopenia, which is an age-related disease that causes muscle wasting. Additionally, exercise stimulates the production of collagen, which can help keep the bones and joints healthy. Neuroplasticity enhances and improves neurological function; this can help improve coordination, balance, and motor control, which can help prevent falls.  
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