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Exploring the Physiological Responses to Exercise and their impact on lifelong health.

Part 1
There are many different types of physiological adaptions to exercise, one of them being cardiovascular adaptions, which include increased stroke volume and cardiac output, according to Bruss and Raja (2022) the definition of stroke volume is the volume of blood pumped out of the heart’s left ventricle during each systolic cardiac contraction, the average stroke volume of a 70kg male is 70ml. Cardiac output is the blood volume the heart pumps through the systemic circulation over a period measured in litres per minute, to figure out your cardiac output, you must find your stroke volume and times it by your heart rate. Viera et al., (2016) state “The stroke volume data in maximal-exercise load are inconsistent. There is evidence to hypothesise that stroke volume increases during maximal exercise load, but other lines of evidence indicate that stroke volume reaches a plateau under these circumstances or even decreases.” Which shows that exercise can increase stroke volume but some of the results came back and said that stroke volume hits a wall and could even get worse. Regular exercise also leads to a reduced resting heart rate, according to Reimer et al., (2018), their study indicates that both endurance sports, as well as yoga, decrease RHR, “These types of sports activities—after exclusion of otherwise treatable disease such as anaemia, cardiac or endocrine disorders (e.g., hyperthyroidism)—could be used as a treatment in case of unfavourable high RHRs These types of sports activities—after exclusion of otherwise treatable disease such as anaemia, cardiac or endocrine disorders (e.g., hyperthyroidism)—could be used as a treatment in case of unfavourable high RHRs”.  Another type of physiological adaption to exercise, respiratory adaptations include things such as improved lung capacity according to Delgado and Bajaj (2023), lung capacity is the volume of air in the lungs upon the maximum effort of inspiration, among healthy adults, the average lung capacity is about 6 litres. Dominelli and Sheel (2024) state that during exercise, tidal volume, the amount of air inhaled and exhaled per breath, increases to make room for greater oxygen intake and carbon dioxide removal. Typically, TV rises until about 40-60% of maximal exercise capacity, plateauing at approximately 50% of an individual’s vital capacity, this increase allows for more efficient gas exchange during physical activity. There are also many muscular responses to exercise, such as muscle hypertrophy, muscle hypertrophy refers to an increase in muscle mass. There are 2 types of muscle hypertrophy, myofibrillar, which is an increase in myofibrils, and sarcoplasmic which is an increase in muscle glycogen storage, Kandola (2020). Schoenfeld (2010) states that resistance training enhances muscle protein synthesis and activates satellite cells, contributing to muscle repair and growth. Aerobic training has great physiological impact on the body, ‘The American College of Sports Medicine (ACSM) defines aerobic exercise as any activity that uses large muscle groups, can be maintained continuously and is rhythmic in nature[10]. As the name implies, muscle groups activated by this type of exercise rely on aerobic metabolism to extract energy in the form of adenosine triphosphate (ATP) from amino acids, carbohydrates and fatty acids. Examples of aerobic exercise include cycling, dancing, hiking, jogging/long-distance running, swimming and walking.’” , Patel et al., (2017). According to Moses et al., (2024) “During an aerobic workout, both the rate at which the heart beats (heart rate) and the amount of blood the heart pumps per beat (stroke volume) increases. Basically an improvement in the cardiac output occurs due to a continuous exercise regimen. The cardiac output is the product of the heart rate times the stroke volume.” During aerobic exercise, the body demands more oxygen, so the lungs must deliver more oxygen to the working muscles through the blood, as the depth of the breathing increases, the exchange of oxygen and carbon dioxide between the lungs and the blood occurs more rapidly and efficiently, regular exercise increases the lungs capacity to deliver oxygen. Aerobic training also has an effect on metabolism, “Metabolism is the body‘s process of converting food into energy through numerous chemical reactions. During an aerobic workout; as the muscles‘ need for oxygen increases, more energy is expended, which increases the metabolic rate. Increased metabolic rate allows the body to use more energy, or calories, during aerobic activity, and even at rest.”. One of the other effects aerobic training has on the body is blood transport, while in aerobic training, blood volume and haemoglobin increase, facilitating the delivery of oxygen, the working muscle’s ability to extract and use oxygen from the blood improves with regular aerobic exercise. There are a few metabolic adaptions after exercise too, such as enhanced insulin sensitivity, according to Cleveland clinic (2024) “Insulin is an essential hormone. It helps your body turn food into energy and manages your blood sugar levels. If you have diabetes, your body can’t make enough insulin or can’t use it properly.”  Hansen et als., (1998) study came back with results that said the stimulation of glucose transport by 30 μU/ml insulin was approximately twofold greater in the muscles studied 3.5 h after exercise than in those of the sedentary controls.

Part 2
Regular physical activity has a huge significance in promoting health at every stage of life, there are a lot of programs these days to promote daily activity, Marquez et al., (2020) state that being physically active has been suggested as one of the best ways to enhance Quality of Life. Bone mineral density measures calcium and other minerals in the bone. Bones containing more minerals are denser, so they tend to be stronger and less likely to break, according to Rutherford (1997) Bone mineral density peaks in your late 20s and gradually declines with age, this is why a lot of older people struggle with osteoporosis, BMD is one of the things leading to it, it’s also an issue and children as their bones aren’t fully developed. Rutherford (1997) also states “Physical activity is one of the factors which can influence the attainment of peak bone mass and reduce the age-related loss”, which shows how important it is to exercise throughout life not only when you’re “fit and young”. Exercise also has an effect on cognitive function, using this quote from Hamilton & Rhodes (2015) “ exercise is critical for physical and mental health throughout the lifespan. Despite the many different forms of exercise, the overall result appears to be that any type of activity be it acute or chronic, forced or voluntary improves cognitive functions and enhances brain plasticity. In fact, through the use of a variety of animal models of exercise in both humans and rodents, research has demonstrated that exercise increases longevity and improves cognitive” This is a summary of the paper but it mentions how important exercise is to try and reverse the natural age-related decline in cognitive function. A common problem in all ages these days is obesity, WHO (2024) “Overweight and obesity are defined as abnormal or excessive fat accumulation that presents a risk to health. A body mass index (BMI) over 25 is considered overweight, and over 30 is obese. In 2019, an estimated 5 million noncommunicable disease (NCD) deaths were caused by higher-than-optimal BMI.”, according to Zachwieja (1996) the importance of exercise in initial weight loss is huge, “The hypothesis is that frequent and repeated bouts of exercise will elicit an increase in energy expenditure that exceeds energy intake and that the end result will be reduction of body weight.” Exercise can have a big impact on cardiovascular health, Myers, J (2003) mentions that a sedentary lifestyle is one of the 5 major risks along with high BP, abnormal values for blood lipids, smoking, and obesity, for cardiovascular disease, “Evidence from many scientific studies shows that reducing these risk factors decreases the chance of having a heart attack or experiencing another cardiac event, such as a stroke, and reduces the possibility of needing a coronary revascularization procedure” which really shows the significance of daily physical activity to stay away from these major risk factors and any cardiovascular diseases. Mental health is a huge topic these days, and according to Sharma et al., (2006) “Aerobic exercises, including jogging, swimming, cycling, walking, gardening, and dancing, have been proved to reduce anxiety and depression.” Sharma also mentions that the physiological influence is probably cause by the communication of the HPA axis with several regions of the brain, including the limbic system, which is in control of motivation and mood; the amygdala which generates fear in response to stress, and the hippocampus which plays a big role in memory formation as well as mood and motivation. You tend to hear about older individuals falling over and breaking a bone leaving them immobile, Grabiner et al., (2014) state “Exercise robustly and significantly decreases not only the rate of falls and fall risk by up to 30% compared with control groups but also fall-related fractures (13). Notably, the results of a systematic review and meta-analysis indicate that participation by older adults in exercise programs reduces the incidence of fall-related serious injuries (12). However, only a fraction of adults older than 65 yr actually engage in regular exercise (17) and, therefore, derive this benefit” this is something that needs to be a regular part of elderly peoples routines in order to reduce the risk of them falling.

Conclusion
 Regular physical activity promotes numerous physiological adaptions that enhance overall health and function. Reduced resting heart rate reflects greater parasympathetic dominance, while cardiovascular adaptions such as increased stroke volume and cardiac output improve the heart’s efficiency. Respiratory chargers, including enhanced tidal volume and lung capacity, facilitate better oxygen delivery during exercise. Muscular adaptions like muscle hypertrophy increase muscle mass through resistance training while aerobic exercise boosts metabolic efficiency and mitochondrial density, improving glucose and lipid metabolism. Additionally, aerobic exercise enhances neuromuscular coordination, which improves balance, agility and overall motor skills which are essential for day-to-day activities. Consistent physical activity also improves vascular function by enhancing endothelial health and increasing capillary density, which supports better circulation and tissue oxygenation. These changes are essential to reduce the risk of chronic diseases like obesity, diabetes, and cardiovascular conditions. Across our lifespan, physical activity supports bone density in young adults, prevents age-related cognitive decline, and helps maintain muscle mass in older adults, reducing the risk of a fall. Engaging in regular physical activity also supports immune system function by promoting anti-inflammatory responses and enhancing pathogen defence. Also, physical activity foster social interaction through group exercise programs, contributing to better emotional well-being and reducing feeling isolated. Regular Physical activity has also proven to have a positive effect on mental health, alleviating symptoms such as anxiety and depression through neurochemical regulation. Gaining an understanding of these adaptions is vital for coaches and pts to design effective, evidence-based programs tailored to the client’s age-related needs while promoting lifelong physical activity which is essential for enhancing the quality of life, reducing disease burden, and helping with ageing.
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