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Introduction

When participating in regular activity, acute adaptation can occur when one or more event of aerobic exercise has taken place within a 30 day or 1 month period (Farrell and Turgeon, 2023). These changes can be seen more regularly during exercise, such as a heart rate rise when and shortly after exercise which then returns to normal. If, however, regular activity if participated in for over 30 days, the body undergoes certain semi-permanent changes known as chronic adaptations (Farrell and Turgeon, 2023), such as a semi-permanent change such as a lower resting heart rate.

It is widely known that regular exercise can reduce your risk of developing certain diseases such as type 2 diabetes (Bassuk and Mandon, 2005; Amanat et al., 2020, p.91-105), obesity (Bouchard et al, 1993; Okay et al, 2009; Wikland, 2016) or cardiovascular disease (Perez-Terzic, 2012; Liu et al, 2019). For example, in Drenowatz et al. (2016), they found that in people with varying degrees of obesity, it would be beneficial for them to participate in resistance training in order to impact their body composition.

Part 1 – Summarise the chronic adaptations to exercise

Cardiovascular Adaptations

The cardiovascular system acts as a pump in order to ensure blood is sufficiently sent around the body (McArdle, Katch and Katch, 2015, p. 328). The blood is measured in litres per minute, and it is within the left ventricle of the heart that stroke volume is measured for each systolic contraction (Bruss and Raja, 2024).

The amount of blood, every minute, that is pumped by the heart is known as cardiac output (King and Lowery, 2023) which is made up of a person’s heart rate and stroke volume (McArdle, Katch and Katch, 2000). When exercise is introduced, the size of the left ventricle increases and therefore increases the stroke volume (Elliot et al., 2023) An increase in stroke volume means that more blood is able to be pumped around the body, removing more CO2 from the blood and increasing O2 and thereby increasing heart rate (Fritsche, R.G. et al., 1999).

Cardiac output may adapt and improve because of an improvement of contractions, an increase in the volume of blood which allows for the blood to fill at a greater capacity (Hellsten and Nyberg, 2015). However, it is worthy of note that in a study by Siebenmann et al (2014), it was noted that the results of cardiac output tests differ considerably depending on the actual method applied while testing.

There is evidence to suggest that the left ventricular adaptations are significant after a prolonged exposure to exercise (Pittaras et al., 2023; George et al., 2012). It has also been suggested in a study by Périard et al (2016), that a reduction in heart rate, improvements in the filling of the ventricular and increased stroke volume were positive adaptations following exercise on the cardiovascular system. It is within the left chamber of the heart that, if hypertrophy occurs, it can cause an increase in blood pressure due to the thickening of the chamber wall (Bornstein and Marwaha, 2023).

According to the American Society of Hematology (2024), blood has numerous components including red and white blood cells, plasma and platelets which all perform tasks to ensure the body maintains homeostasis, such as the transportation of oxygen and body temperature regulation. It has been seen that red blood cells are able to send signalling molecules when they have sensed low-oxygen, in order to increase the blood flow thereby increasing the oxygen (Richardson et al., 2020). This is particularly important when exercising as the body will be utilising more oxygen for the muscles to work and repair during and after exercise. 

According to Franklin et al (2020), long-term exercise benefits will outweigh the potential pitfalls and suggest 30 minutes of moderate exercise, over 5 days per week, with a potential 30% reduction in cardiovascular risk. However, in a study by Lee and Oh (2016), exercise was shown to not have a substantial effect on cardiac function but did show a positive balanced towards cardiac structure.

The mode, intensity and duration in which exercise is performed can have differing effects on the responses received by the body. High-Intensity aerobic training has been found to play a key role in cardiovascular health when compared to moderate-intensity or strength training, although these were not without their own benefits, and a potential substitute for someone unable to perform at a high-intensity (Schjerve et al, 2008).

Taking into account the above research, it would appear that higher intensity training would benefit a person’s cardiovascular health overall and this may suggest HIIT training would be of significant benefit. This is specifically true for increasing a person’s VO2 max if the high-intensity training is participated in for at least six weeks (Holloway et al, 2018).

Low-moderate exercise requires fat as a primary energy source (Kolnes et al, 2021) which in turn would increase the capabilities of the body to burn fat. This would indicate that low-moderate intensity exercise would be prudent for a person who is obese or, generally, trying to lose body fat. For ATP generation, mitochondria are essential source of energy for cellular activity (Popov, 2020). A mitochondrial DNA is a binding protein (Kang et al, 2018) which can be activated by exercise, in turn, encouraging mitochondrial biogenesis (Rodrigues et al, 2021) and promoting ATP within the body (Jornayvaz et al, 2010).

It is difficult to fully assess and gain accurate results for certain types of beneficial outcomes, such as with cardiovascular adaptations, as much will depend on a variety of factors such as age, sex, volume and mode of training (Lavie et al, 2015, p. 207-219). 

Respiratory System

When a person participates in regular exercise it can have a profound effect on the lungs. According to Gantela and Choppara (2015), having a physically active lifestyle will improve lung function and the FVC (Forced Vital Capacity) of the participants in this study showed to be higher.

It has been seen that persons who participate in strength training will have greater strength in their respiratory function (Hackett, D.A., 2020) As the lungs are a muscle, as with any form of exercise, when you work the muscle it adapts to become stronger it the situation and strains you are putting on it, the lungs are no exception. Your lungs must work harder in order to supply the red blood cells with the additional oxygen that the body needs (American Lung Association, 2024).

Metabolic Changes

It has been seen that metabolic activity increases when participating in endurance exercise in order for the body to continue homeostatic regulation (Alghannam et al, 2021). 

Blood lipid profiles can improve with exercise, however, there is not enough research nor significant results for patients with specific chronic disease (Doewes et al, 2023). Blood glucose changes can also occur when participating in high-intensity exercise in all people (whether diabetic or not), and the effects of which can be seen for one to three days after exercise has taken place (Adams, O.P., 2013). It is existentially important that the endocrine and sympathetic nervous systems work together in order to regulate the bodies homeostasis levels of blood glucose, during extended duration of exercise this is most important to increase demand for glucose (Suh et al, 2007). According to Yardley (2020), aerobic exercise changes blood glucose more than participating in high-intensity exercise. The glucose within the blood is broken down via glycolysis, in turn, producing ATP, which the body can then use as fuel (Hantzidiamantis et al, 2019).

Adenosine triphosphate (ATP) is a key source of energy within the cells in the body, therefore, when exercise is performed, it is essential that ATP is supplied efficiently and in an increased supply in order to meet demand (Alghannam et al, 2021). It is also seen that Respiratory Exchange Ratio (RER) may decrease when exercise is participated in for a longer duration of time (albeit other factors such as age and VO2 max may influence this) (Rothchild et al, 2022). At the end of an exercise session, RER may decrease which may cause lipid metabolism (breakdown and storage of fat cells) and a build up of lactic acid due to hyperventilation during that exercise (Ramos-Jiménez et al, 2008).

Participating in regular exercise has the ability to reduce the risks, to a substantial effect, of numerous chronic metabolic diseases such as fatty liver disease (when not associated with alcohol) and type 2 diabetes (Thyfault and Bergouignan, 2020).

It can be seen that regular exercise can improve maximal oxygen capacity when adaptations occur to the metabolic and cardiovascular systems (Rivera-Brown and Frontera, 2012).

Muscular Changes

The blood flow and collogen turnover within tendons increase when put under some form of loading during exercise which in turn would enable more loading to take place (Kjær et al, 2006).

Although resistance and endurance training have the potential to regulate protein, muscle mass is increased substantially with resistance training rather than endurance training (Francaux and Deldicque, 2019).

Eccentric exercise has been seen to decrease muscle stiffness and have a profound impact on the increase of a persons range of motion of exercising (Blazevich, 2019).

Skeletal muscle is able to control the entire glycemic response within the body, together with lipid and protein metabolism, as well as insulin signalling in order to control the access of insulin to muscles when they are exercised over prolonged periods of time (Sylow, 2021).

Insulin regulation needs to work side-by-side with exercise in order for the hormone that instinctively stores glucose from the intake of food to be supressed when exercise takes place so that the muscles are able to get enough energy to power and function appropriately (Richter et al, 2021).

In order to not impede the uptake of glucose to the muscle when exercise takes place, the sympathetic activity must decrease and insulin release must lower alongside adipose tissue lipolysis and liver glucose output increase in order to supply the muscle with the correct amount of glucose during exercise (Richter et al, 2021).

Chronic adaptations within the body do not always correlate when acute exercise responses are present and therefore different methods of exercise and intensity will need to be adapted to ensure a greater muscular response (Jamnick et al, 2020).

There can be differing responses within the body to differing modes of exercise. According to Grgic et al (2019), participating in aerobic training would not encourage the same hypertrophy within muscles as resistance training would.

Part 2 – Looking at physical activity and health across the lifespan

Regular exercise from childhood and as we age is significantly important to health. Resistance training amongst school age children has increased as a stark realisation of childhood obesity, health problems and inactivity has been brought to the forefront of many schools and parents (Stricker et al, 2020). It has been found that exercise in obese children and adolescents has a significant impact on reducing the percentage of body fat that they carry (Kelley and Kelley, 2013) and therefore improving their overall health.

It is important for children to actually participate in exercise. It has been seen that when children participate in muscle and bone strengthening exercises for 3 days or more a week it may improve their muscular fitness as they grow (Villa-González et al, 2022). It is also worthy of note that a study has been undertaken to ensure that exercise is not detrimental and presents positively in the shaping of bone and muscle tissues (Alves and Alves, 2019).

Bone mineral accrual is essential in children to allow for adequate growth and exercise has been seen to be beneficial in promoting this growth (Burrows, 2007). There are many health and wellbeing related positives that stem from participating in exercise as a child or adolescent, including Relatedness, autonomy and moderate to vigorous physical activity (Doré et al, 2020) and as a result would benefit more engagement in physical activity.

To encourage children to participate in physical activity or exercise, it has been seen to be beneficial if they are able to engage in family-based activities which in turn influences the child’s appreciation for a health body composition (Carroll et al, 2021).

According to the World Health Organisation (2024), an estimated 81% of adolescents are below the recommended amount of physical activity and they are able to see a rise in inactivity and sedentary behaviour.

It can be seen that a focus on physical movement in older adults may be to blame for the lack of uptake in exercise and it may be more prevalent for a shift of that focus to encompass a sense of purpose, role fulfilment and social interaction as we age (Morgan et al, 2019).

Sarcopenia is a skeletal muscle disorder which conforms to a loss of muscle mass and is progressive as we age (Cruz-Jenoft and Sayer, 2019). Sarcopenia has a shared relationship with the frailty of a person in that they both share inflammatory biomarkers, showing a link to this condition and an increase in injury as we age (Picca et al, 2022). Core tendons, when maturity has been reached, can be said to be slow or not apparent at all, meaning collagen content and size of the tendon itself remains consistent and unchanged as we age (Svensson et al, 2017).

A deficiency in muscle metabolism, including a resistance to insulin, are characteristics that are widely seen when aging, which coincide with sarcopenia, a lower ability to regenerate muscle and, but not always, a decrease in physical performance (Distefano and Goodpaster, 2017).

Type 2 diabetes in young adults, up to the age of 40, as well children, is rapidly increasing (Ahmed et al, 2022). Type 2 diabetes, obesity and cardiometabolic disease may be because of adipose tissue reconditioning and causing an excess in the body which could be prevented by participating in physical activity together with nutritional intake changes (Carbone et al, 2019).

A review by Pedersen (2019), shows a significant clinical and epidemiological link between muscular work during physical activity, reducing the risk of many chronic diseases or conditions such as type 2 diabetes, cardiovascular disease and cancer. 

As we age, participating in exercise will help muscular lung function as we age, however, the decline in pulmonary function, which is age-related, is unaffected by exercise and cannot be brought back when lost (Roman et al, 2016).

Part 3 – Conclusion

With a myriad of data concerning all areas of adaptions to the human body through the lifespan when exercise is participated in or not, it can clearly be seen that exercise and the changes within the metabolic status of the body are a positive step forward in increasing overall health.

The positive links between keeping physically active throughout the lifespan and to the non-development of chronic disease or conditions such as cardiovascular disease or type 2 diabetes is sharply delineated throughout numerous research projects over many years. It can be seen, distinctly, that the adaptations the body goes through when exercise is participated in regularly, has such a profound effect of health that this should be adopted by all age ranges in order to improve overall health and wellbeing.

However, more research will need to be done in relation to particular modes of exercise and the outcomes they may have on the body over more pro-longed periods of time. It is worthy of note that external influences such as social interactions (such as vaping, smoking or drinking alcohol), body composition, disease and nutritional intake can all also affect the way in which adaptions occur individually.
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