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Assessment 1: Physical and Physiological Responses to Exercise: Linking Physical Activity and Health
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Chronic Physiological Adaptations to Exercise
Muscular
Regular resistance training will result in chronic adaptive responses. Untrained individuals will experience the greatest adaptive responses. A study from Jun Mao et al. (2023) concluded that 8 weeks of resistance training increased fat free mass, muscle thickness, muscular strength, power and endurance in untrained young men. Although increased muscle mass compliments strength increases, strength and hypertrophy training are different. Strength training may utilise a rep range of between 3-6 repetitions whereas overall hypertrophy can range from 5-30 repetitions (Helms, E.,2019). 
To elicit our adaptations, we must provide sufficient recovery. Protein is seen as an essential macronutrient contributing to recovery. Ingestion of protein potentiates the stimulation of myofibrillar protein synthesis rates after bouts of resistance training (Salvador, A.F. et al.,2021). There has been a divide in research on protein intake. Morton, R.W. et al. (2018) suggested that 1.6g/kg is sufficient for recovery when looking to maximise muscular hypertrophy. However, previous studies testing very high protein diets (3.4g/kg/d) found fat mass and body fat percent decreased in the high protein group despite consuming a higher calorie diet (Antonio, J. et al.,2015). This suggests that a one-size-fits-all approach is not appropriate when consuming protein but going above the 1.6g/kg should potentially be exceeded depending on the individual.
When untrained individuals begin resistance training, the motor units recruited in the muscles will be asynchronous. As we progress our resistance training, our motor units will begin to facilitate synchronicity and improve our motor unit recruitment, allowing them to work together at the same time and elicit more force.
Cardio-Respiratory System
Although the Cardiac and Respiratory systems are different systems, they work collaboratively to pump oxygen to the muscles and remove carbon dioxide from the body. It has been suggested that Cardio-respiratory health is an independent risk factor for cardiovascular disease and all-cause mortality. (Torres, G., Gordon, N.F. and Constantinou, D.,2023). 
Studies have associated increasing your VO2 Max with various chronic health benefits. Mahdiabadi, J. (2021) had 24 untrained men (aged 20-22) to follow an 8-week moderate intensity running program. After 8 weeks the training group displayed the following:
· Reduced Resting Heart Rate
· Systolic Blood Pressure decreased at rest and after workload
· The Stroke Volume increased at rest and after workload
· The VO2 max absolute and relative increased significantly 
Regular activity will facilitate adaptations. After consistent bouts of aerobic training, it will affect our parasympathetic nerve which is said to increase stroke volume and lower our resting heart rate (Hughson, R.L. and Shoemaker, J.K.,2015) which were both experienced after the program.
Exercising hypertrophies our heart which enables greater volumes of blood to be pumped each heartbeat. Due to our cardio and respiratory system working together, this allows for more oxygen to be delivered to our muscles. Through an increase in blood being pumped per beat and more oxygen present this allows for the heart to beat fewer times per minute due to the heart not having to work as hard. Although an increase in left ventricular mass of the heart is associated with positive outcomes, there is evidence supporting potential issues. Hill, L.K. et al. (2017) highlighted that abnormal increases in left ventricular mass are associated with cardiovascular disease. This can suggest that high level endurance athletes may be at risk of developing heart issues although their VO2 max is extremely high.
As well as improving cardiac function, regular aerobic activity can improve factors such as lung capacity, the strength of the respiratory muscles and tidal volume (Liu, J.-F. et al.,2021 & NSCA, 2018). Furthermore, an increase in alveoli will result from regular aerobic activity. Their presence will allow for greater amounts of oxygen and carbon dioxide to diffuse between the lungs and the blood (Knudsen, L. and Ochs, M.,2018).














Metabolic
Athletes who train specific to their activity will experience changes in their ratio of muscle fibres (Plotkin, D.L. et al.2021). Humans fall under 3 main categories Type I, Type 2A and Type 2x (Plotkin, D.L. et al.,2021).  Testing our fibre types requires a biopsy which can be invasive (Plotkin, D.L. et al.,2021). However, utilising a fitness test like the 30s Wingate Anaerobic Test can be a predictor of our fibers and how we use our energy systems (Table A and Table B).
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[image: ]
Table B
[image: ]
Our fibre type will affect how we utilise our energy supplies. Our lipids and carbohydrate systems are complimentary and crucial to performance. In lower intensity activities we will utilise lipid stores. The point where fatty acid oxidation occurs will depend on the duration, intensity and training status (Purdom, T. et al. (2018). Purdom, T. et al (2018) suggested that regular endurance activity for a prolonged period will favour our ability to oxidise fat at higher workloads and improve our overall maximal fat oxidation. This can be related to the chronic adaptations which are present such as the increase in intramuscular triglycerides, cellular/mitochondrial protein changes and hormonal regulation. There has been evidence of differences in energy substrate utilisation between genders in moderate intensity aerobic exercise. During moderate-aerobic activity, sedentary men seem to be more reliant on their carbohydrate stores whereas sedentary women rely more on their lipid stores (Cano, A. et al.,2022).





Table 3
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Increased aerobic capacity will also trigger important changes in muscle tissue such as the increase in mitochondria and myoglobin. An increase in the number and size of mitochondria will help convert energy into ATP, allowing more available energy to muscles. This will allow individuals to train faster and longer (Brian Glancy et al.,2020).
An increase in aerobic capacity is also linked to an increased tolerance in the accumulation of hydrogen ions. An increase in PH causes lactic acid to enter the muscles which results in fatigue. Increasing our aerobic capacity improves our body’s ability to sustain workload in the anaerobic state of activity for longer periods.

Physical Activity and Health Across the Lifespan
To maintain our health throughout the lifespan, remaining active and reducing sedentary time is imperative. Physical activity should be encouraged early to develop physical literacy. Physical literacy can be defined as “the motivation, confidence, physical competence, knowledge and understanding to value and take responsibility for engagement in physical activities for life” (IPLA, 2017). Sport Wales (2015) has suggested that if children are not physically literate by 7, they are unlikely to value physical activity throughout their lifespan.
Physical activity is mostly associated with physical benefits. Other components are now being recognised for health. The philosophical theory of Monism suggests our mind and body are inseparable, and exercise should be used for both (Greene, N.R.,2020). Research has suggested that regardless of age, acute exercise has a positive influence on mood and cognition across the lifespan due to the release of hormones such as endorphins and serotonin. This can be essential in the later years where cognitive diseases such as dementia are at higher risk of developing (Wang, S. et al.,2021).
A common myth is that resistance training may yield some health-related benefits in kids and adolescents. The World Health Organisation (2022) take a strong stance on utilising aerobic activity from ages 5-17. These guidelines could be seen as vague and further consideration should be taken due to the wide variation in biological and physiological differences especially during puberty. Studies now suggest that when safely performed, resistance training provides health-related benefits for children and adolescents (Lesinski, M. et al.,2020). Although benefits are clear, further research could be undertaken to better advise the general population. Israetel, M (2021) suggested that between age 15-30 is where we see the best responses to resistance training. Similarly, this is when many age grade academies begin utilising strength and conditioning to their athletes.
As we grow older, it is important that we maintain activity to reduce the risks posed with Sarcopenia. Sarcopenia can be defined as ‘an age related, involuntary loss of skeletal muscle mass and strength’ (Meier, N.F. and Lee, D.,2020). Without action, over time, the effects can compromise independence and increase the risk for fractures, falls and a decrease in overall health (Cheng, R. et al.,2022). Many older adults may consider strength training as a risk and resort to strictly aerobic exercises. However, the benefits which come from strength training are imperative in maintaining health across the lifespan especially in older groups. Cheng, R. et al. (2022) suggests that resistance training provides benefits such as skeletal muscle, metabolic capacity, mitigate effects of aging, maintain bone density and maintain a higher quality of life.
Differences in sex-related response to exercise as a treatment to sarcopenia has been identified. Women tend to experience a higher prevalence of falls which is highly linked to their increased likelihood of disabilities (Cheng, R. et al.,2022). Furthermore, the increased likelihood of Osteoporosis in women (1 in 3 > 50) can increase the severity of injury such as hip fractures (Cheng, R. et al.,2022).
As well as utilising resistance training maintaining cardiovascular health is essential. A common disease linked with cardiovascular disease is Type 2 Diabetes. Regular physical activity is associated with positive weight management, reduction in blood pressure, improvement in insulin sensitivity and glucose control which are all independent factors linked to the development of Type 2 Diabetes (Zahalka, J.S et al.,2023). Diabetes will impact our metabolic health and will affect how it processes and stores energy. A lack of insulin results in glucose remaining in your blood and isn’t used as fuel for energy. This can lead to issues such as hyperglycaemia which may lead to further health conditions (NHS, 2022).
Similarly, neglecting your cardiovascular health is significantly associated with many cancers Bell, C. et al. (2023). This was also presented in the 42-year follow up study of the Copenhagen Study (Jensen, M.T. et al., 2017). Cardio-respiratory fitness was significantly inversely associated with death from cancer.
A meta-analysis from Barry, V.W. et al. (2014) concluded that unfit individuals were twice the risk of death regardless of BMI. This provides further insight into the importance of including cardiovascular activity. Although, “fit-obese” individuals had a reduced risk of death, being obese still has risks. Israetel, M (2022) has suggested ‘fit-obese’ individuals still have risks. Due to the poor behaviours which led to them becoming obese it is more likely to stick and lead to chronic, cumulative stress on the body’s systems. Therefore, keeping cardiovascular activity is important but we must still consider the effects of obesity and limit excess adipose tissue.


Conclusion
Activity should be maintained across the lifespan to achieve to reduce the risk of chronic health conditions such as diabetes, cancers, dementia, cardiovascular diseases and many more. The amount of time we are sedentary should be limited due to its direct association with mortality (Stingl-Zúñiga, I. et al.,2023). To encourage, lifelong participation we must encourage physical activity from a young age. Current guidelines put an emphasis on aerobic activity for children and adolescence. However, studies are suggesting that strength training is important from a young age to begin to reap the chronic adaptations. 
Resistance training will result in improved body composition and increased muscular strength and size. As we age, adaptions can be made to help with recovery on the muscles and joints. We can grow muscle between 5-30 repetitions (Valdez, A.,2019) so higher repetition ranges may be more effective in later years. Through cardiovascular activity, we can experience cross system adaptations like the cardiorespiratory system. Increasing aerobic fitness will see cardiovascular changes such as decreased resting heart rate; cardiac hypertrophy; increased stroke volume; decreased blood pressure (Mahdiabadi, J.,2021). Moreover, we will experience respiratory adaptations such as lung capacity; increased alveoli; increased strength and size for the diaphragm and intercostal muscles (Knudsen, L. and Ochs, M.,2018).
When training it is important to work towards our needs. Valdez, A., (2019) identified adherence as the most important variable to maintain physical activity. A person who utilises only one modality of exercise will adapt to the specific needs of the activity. If our goal is to solely build muscle, then too much cardiovascular activity may impede hypertrophy and elicit systemic and peripheral fatigue. A consideration could be to limit cardio to what is needed for basic health (Israetel, M.,2021). However, for overall health, combining cardiovascular and resistance training may be a good consideration to experience the overall chronic adaptations associated with both forms of physical activity.
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