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

Chronic Physiological Adaptations to Exercise

Cardiovascular adaptions
During short term, light to moderate exercise sessions, a variety of cardiovascular adaptions occur which can impact an individual's health and physical capabilities. Acutely, adaptions can range from an increase in cardiac output and stroke volume to heart rate and systolic blood pressure. All in which will have a positive impact on the cardiovascular system in the long term. Studies have shown that endurance training is associated with elevated levels of circulating high density lipoprotein and a reduction in triglyceride levels —both changes that can reduce the risk of coronary heart disease. Nystoriak and Bhatnagar. (2018). The relationship between blood lipids and cardiovascular health is influenced by insulin sensitivity. Resistance to insulin has a great association with increased cardiovascular disease Ginsberg HN (2000). Numerous studies have shown that individuals with insulin-dependent and non-insulin-dependent diabetes have improved sensitivity to insulin and improved glycaemic control after exercise training.
Cardiac output changes significantly in response to exercise variables. Cardiac output is defined as the amount of blood pumped by the heart in a minute “The body’s demand for oxygen changes, such as during exercise, and the cardiac output is altered by modulating both heart rate and stroke volume” King, J. and Lowery, D.R. (2017). As an onset of exercise, stroke volume increases dramatically, and this is due to an increase in venous return as blood circulation is promoted. With this, heart rate is altered due to the physiological demands of aerobic exercise. D.L Smith et al., (2023) 

Muscular adaptions
Muscular strength is the ability of a muscle or a group of muscles working together to produce a force or torque. Artero et al., (2012). Muscular strength plays a vital role in preventing a variety of chronic diseases and mortality rates. K Volaklis et al., (2015).  It is well known that resistance training can be the best mode of training when it comes to increasing muscular strength and hypertrophy. It has been well noted in numerous studies that consistency in resistance training for 3-6 months can cause 25-100% strength gain. D Aube et al., (2022). Strength gain through resistance training results primarily from muscular hypertrophy and more specifically an alteration in neuromuscular control. Strength gain is not achievable without neural adaptions via plasticity. A 2022 research study, written by the Journal of Strength and Conditioning Research, investigated the effects of 3 different weekly resistance training volumes for 12, 18 and 24 sets. They tested maximum strength(1RM), strength endurance via repetitions to failure (RTF) at 70% of 1RM, and muscle thickness of resistance-trained individuals. They had found that the most suitable number of sets per week for increasing muscular was approximately 18 weekly sets targeting optimizing the gains in back squat 1RM in resistance-trained individuals.  The muscle groups tested their research study was the quadriceps muscles via back squats, in resistance-trained individuals. D Aube et al., (2022). 

Respiratory adaptions
The respiratory system consists of airways, lungs, blood vessels, and muscles. These organs and tissues are responsible for gas exchange between inspired air. As well as being responsible for the circulatory system where oxygen is delivered to the blood, it is known for the elimination of carbon dioxide from the blood to the lungs - D. A. Hackett (2020). Respiratory adaptions have a close link with the cardiovascular systems response to exercise. To provide the need for energy production during exercise, the body’s ability to perform relies predominantly on the demand of oxygen. The respiratory system adaptions during exercise include changes to the response of pulmonary ventilation, external respiration, and internal respiration. D.L Smith et al., (2023) states in chapter 10 in the Exercise Physiology for Health, Fitness and Performance book that “Pulmonary ventilation increases to enhance alveolar ventilation, external respiration adjusts to maintain the relationship between ventilation and perfusion in most cases, and internal respiration responds with an increased extraction of oxygen by the muscles.” These adaptions occurring due to the high demands of aerobic based training. 

Physical Activity and Health across the Lifespan 

Type 2 Diabetes
Exercise has been found to be an efficient form of treatment in Type 2 Diabetes. S. Amanat et al., (2020) mentions that regular exercise is proven to have several clinical benefits including “improved insulin sensitivity, reductions in glycosylated haemoglobin (A1C) and increased peak oxygen consumption (VO2 peak)” in which these are all are preventive factors toward diabetes. Numerous studies have stated that aerobic training is the best form of exercise when it comes to the prevention and glycaemic management in Type 2 Diabetes individuals.  Kanaley et al., (2022) states that “Short-term aerobic exercise training improves insulin sensitivity in adults with T2D, paralleling improved mitochondrial function”. Suggesting that aerobic exercise may be the most suitable prevention in Type 2 Diabetes development and progression. The activities of the neuroendocrine system are in control of glycemia levels. 
When resting and sedentary, the glucose uptake by the cells is mainly insulin dependent, where the glucose transporter 4, which are the GLUT-4, “is translocated to the cell membrane, facilitating glucose entrance in the cell cytoplasm.”- R. Y Asano et al., (2014). Currently, the guidelines and prescription for exercise duration is 150 minutes in moderate intensity or 75 minutes of high intensity per week, with resistance exercise at least 2-3 times a week. These guidelines have been prescribed by the Amercian College of Sport Medicine and American Diabetes Association. R. Y Asano et al., (2020) literature review states that both exercise models, aerobic and resistance, promote improvements in glucose tolerance, insulin sensitivity and reduction in glycemia between 2-72 hours, which seems to be dependent on the intensity and duration of the effort. Suggesting that a good combination of resistance and endurance training types have a positive effect on the development and prevention of Type 2 Diabetes.

Sarcopenia 
Muscle mass and strength loss is common within our third to fourth decade of life, which can have multiple effects on the musculoskeletal system. The combination of muscle mass and strength loss is best known as Sarcopenia and is a major risk factor for mortality rates in the elderly. However, exercise has been recommended as an essential treatment that has given the best outcomes for individuals suffering with the condition. R Mañas et al., (2021) mentions in a systematic review on the “Effects of physical exercise in sarcopenia” that “from 50 years of age, muscle mass decreases by 1%–2% a year, and muscle strength decreases by 1.5%–3% annually from 65 years of age.” 
Y Shen et al., (2023) systematic review discusses the study on comparing the effectiveness of different exercise types for older adults with sarcopenia. They concluded that “high certainty evidence shows that resistance exercise with or without nutritional intervention and the combination of resistance and balance or aerobic exercise are the most effective interventions for improving quality of life in older adults with sarcopenia.” Many research papers and studies have suggested that resistance training, performed using a variety of modalities, is a great clinical tool and intervention to counteract the impairment of muscle mass and muscle strength. These types of training will decrease the chance of adverse outcomes, such as falls, fractures, physical disability and even mortality. The aetiology of sarcopenia is multifactorial, and the maintenance of muscle mass depends on a balance between muscle protein synthesis and the breakdown.

Osteoporosis
Regular physical activity and exercise are important factors for the prevention of diseases and good health across the lifespan. Exercise and regular physical activity play a vital role in the maintenance of good bone health in childhood, adolescence, and adulthood.  According to D Herrmann et al., (2011) “In childhood and adolescence, physical activity and exercise induces improved bone accrual.” Similarly in adulthood, long term exercise programmes, especially weight-bearing activities seem to have an important osteogenic effect. -Children and adolescent show a higher bone accrual until 5 years after cessation of an exercise program compared to their peers, who do not participate in an exercise program.  D Herrmann et al., (2011)
Bone health relates to the changing rates in two key factors-Bone mass attainment and the loss of bone rate. Maintaining these two changes through physical activity has great importance for the prevention of bone related diseases such as Osteoporosis. “Osteoporosis results from an imbalance between bone resorption and bone formation and is characterized by low bone mass and increased bone fragility and susceptibility to fracture " Seeman and Delmas (2006). The relationship between osteoporosis and physical activity has a great impact on reducing bone loss, increasing bone strength, and preventing osteoporosis in aging people. Studies have shown that the “increased forces impacting the body during exercise are correlated with elevated bone mass density and bone strength in athletes. Further, a systematic review and meta-analysis has concluded that exercise appeared to positively influence osteogenesis and skeletal geometry in a force regional manner.” X Tong et al., (2019). 


Coronary Heart Disease
With Coronary Heart Disease mortality rates decreasing, an increase in number of people living with this disease may need support to manage their symptoms and prognosis. Traditional CHD risk factors are associated with obesity, type 2 diabetes mellitus, hypertension, and various dyslipidaemias, which include elevated serum triglyceride levels and low serum levels of high-density lipoprotein.  “Exercise‐based cardiac rehabilitation (CR) aims to improve the health and outcomes of people with CHD.” G Dibben et al., (2021). A variety of reviews and research studies have found that exercise has a tremendous impact on reducing the cardiovascular mortality rate, recurrent cardiac events, and cardiac hospitalizations. F Sanchis-Gomar et al., (2021) mentions in his journal article that “Exercise is likely protective against coronary heart disease events by reducing several physiological risk factors like elevated Blood Pressure, obesity, hyperlipidaemia, and insulin resistance, and providing positive remodelling effects directly to the myocardium.” It has been investigated and shown that high level of exercise can stimulate the cardiac secretion of insulin, which promotes to ventricular hypertrophy. 
As a result of numerous studies, it can be concluded that physical activity is an effective prevention for cardiovascular diseases such as coronary heart disease, “with a 20% reduction in cardiovascular events and an increase in life expectancy of 5 years”.  Vigorous activity levels seem to have a greater impact then activity duration of light moderate. E Winzer et al., (2018) suggests in a review article on “Physical Activity in the Prevention and Treatment of Coronary Artery Disease” that “Vascular remodelling in the healthy heart in response to exercise training is composed of increases in the size of conduit and resistance arteries and arterioles and more capillaries, which improves the arterial blood supply.”



Conclusion
Exercise and physical activity are biological stressors that have a positive impact on the major systems of the body. The stress put on our bodies disrupts homeostasis and this leads to a positive, adaptive response. Exercise can be grouped into the major metabolic pathway involving energy contribution, predominantly aerobic and anaerobic.  Physical activity and fitness are associated with a lower prevalence of chronic diseases, such as heart disease, cancers, high blood pressure, diabetes, sarcopenia and many more.  
For cardiovascular responses, adaptions can range from an increase in cardiac output and stroke volume to heart rate and systolic blood pressure. All in which will have a positive impact on the cardiovascular system in the long term. It is well known that resistance training can be the best mode of training when it comes to increasing muscular strength and hypertrophy. These gains and changes in muscle mass aren’t achievable without the neural adaptions to exercise via plasticity. Respiratory adaptions go hand in hand with the cardiovascular system’s responses to exercise. Both sharing the importance of transporting oxygen around the body via the blood and into the lungs. As oxygen is an essential for cellular production and metabolism functions. To provide the need for energy production during exercise, the body’s ability to perform relies predominantly on the demand of oxygen.
There is great emphasis on the importance of resistance and weight training for the decrease in Sarcopenia rates. The aetiology of this disease is multifactorial, and the maintenance of muscle mass depends on a fine balance between muscle protein synthesis and breakdown. In which suggests the importance of increased protein intake alongside consistent resistance training. 
Vigorous activity levels have been associated with greater impact on the prevention of cardiovascular diseases than low intensity efforts for a longer duration, that have little to no effect.  On the other hand, additional research is needed to better understand the effects of exercise training in detail to establish optimized training programs as an inherent component of cardiovascular disease therapy and prevention. The changes in bone mass attainment and the loss of bone rate have great importance for the prevention of bone related diseases such as Osteoporosis. By increasing exercises that place force onto joints and bones, bone mass density and bone strength in athletes elevate and have a positive impact on preventing Osteoporosis. 
A wide variety of studies have stated that aerobic training is the best form of exercise when it comes to the prevention and glycaemic management in Type 2 Diabetes individuals.  Kanaley et al., (2022) states that “Short-term aerobic exercise training improves insulin sensitivity in adults with T2D, paralleling improved mitochondrial function”.
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