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

Part 1
Cardiovascular System
Hemodynamic demand and stress forced upon the myocardium as an outcome of chronic exercise results in cardiac physiological hypertrophy, an increase in myocardium muscle (Lovic et al., 2017). Cardiac remodelling occurs as exercise increases cells and mitochondria, a dose-response relationship is observed as increased myocardial stress enhances adaptations (Martinez et al., 2021; Vega et al., 2017). 
Enlargement of cardiac chambers occurs, however a greater increase is observed in left ventricular (LV) cavity and thickness (Sharma, Merghani and Mont, 2015). Increased LV thickness enables the heart to sustain and produce stronger contractions with increased force, expanding the ejection of blood and cardiac output (Sharma, Merghani and Mont, 2015). 
Martinez et al. (2021) emphasises consistent exercise improves cardiac output force increasing LV contraction, elevating exercise and resting stroke volume (SV). 
As SV increases with cardiac output, a decrease to resting heart rate (RHR) is observed, inducing exercise training bradycardia (Seo et al., 2020; Kovacs and Baggish, 2016) such conditions can result in a RHR of 30-40 beats per minute (Martinez et al., 2021).
 A reduction in RHR and improved ability to return to such levels after physical activity (PA) is essential for healthy ageing (Olshansky, Ricci and Fedorowski, 2023). Decreased RHR reduces the risks of coronary disease, sudden cardiac death, heart failure, stroke, cardiovascular disease (CVD) and atrial fibrillation (Aune et al., 2017). 

Another chronic cardiovascular adaptation is a reduction in resting Blood Pressure (BP), chronic exercise reduces vascular resistance with increased vasodilation and reduced force (Nystoriak and Bhathagar, 2018). A rise in BP occurs during exercise as blood flow and force increase, endothelium produces vasoactive hormones, Nitric Oxide and prostaglandins, resulting in vessel vasodilation (Wilson, Ellison and Cable, 2015). Chronic exercise increases and maintains hormone expression, lowering systematic vascular resistance, in turn reducing resting BP (Wilson, Ellison and Cable, 2015; Nystoriak and Bhathagar, 2018).  
As an adaptive response diastolic function is improved, decreasing risks associated with pulmonary hypertension (Eijsvogels, Fernandez and Thompson 2015). 
Astorino et al. (2016) suggests HIIT training significantly increases SV and cardiac output. Additionally, Bostad et al. (2021) study showed increased peak cardiac output with long-term sprint interval training. However, Lopes et al. (2018) suggests aerobic exercise training, dynamic resistance and concurrent training, alternating aerobic and resistance are effective for lowering BP and hypertension. 

Respiratory System 
Chronic exercise can improve pulmonary diffusion capacity, enhancing diffusion of both Oxygen and Carbon Dioxide between the alveoli and blood stream (Aliverti, 2016). 
Diffusion capacity is improved as exercise impacts angiogenesis of alveoli capillaries and permeability of the alveolar-capillary membrane (Flaherty, Smoliga and Zavorsky, 2014). 
An increase in both membrane permeability and capillaries promotes alveolar growth, increased blood flow to the lungs allows a greater diffusion gradient between oxygen content of lung and blood, and carbon dioxide content from the blood stream into the alveoli, increasing carbon dioxide elimination (Flaherty, Smoliga and Zavorsky, 2014). 
Tissue oxygen levels are improved with diffusion, enhancing pulmonary function, preventing deterioration and risks of respiratory diseases such as Chronic Obstructive Pulmonary Disease (Rawashdeh and Alnawaiseh, 2018). Enhancing pulmonary gas exchange is important for ageing lungs, due to decreased capacity for such diffusion (Roman, Rossiter and Casabuni, 2017).
Extent of adaptations are mode specific as Durmic et al. (2017) suggests chronic endurance aerobic PA results in greater changes. Lazovic et al. (2015) agrees, highlighting modes such as cycling, rowing and long-distance running, however enhanced adaptations were observed in swimming, potentially due to airway resistance leading to hypoxia, increasing respiratory rate, enhancing adaptations (Durmic et al.,2015).  Studies are weak in lung function and chronic exercise, further studies are needed to evaluate differentiation in modes and respiratory adaptations (Durmic et al.,2015). 
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Muscular System
Skeletal muscle is highly adaptable allowing response and adaptations to exercise stimuli, long-term exercise creates molecular and structural changes, adaptations improve aerobic capacity as signalling pathways and oxygen uptake are increased, improving mitochondria size and number through mitochondrial biogenesis (Petriz et al., 2017). 
Structure of mitochondria are important determinants of its efficiency, long-term muscular contractions improve mitochondrial function through adaptive processes, including synthesis of new protein biogenesis whilst degrading damaged mitochondria (Drake, Wilson and Yan, 2016). 
Cellular respiration is enhanced with improved mitochondria, increasing Adenosine Triphosphate resynthesis through linking oxidation of substrates to phosphorylation, improving control of energy metabolism, decreasing carbohydrate oxidation, increasing reliance of fat oxidation (Conley, 2016; MacInnis and Gibala, 2017). 
Improvements in the ability to adapt, utilize and oxidise fatty acids enhance insulin action and substrate homeostasis, important for improving metabolic health, this is of particular importance to individuals living with obesity and metabolic disturbances (Fritzen, Lundsgaard and Kiens, 2020). 
Endurance training enhances capillarisation, improving mitochondrial biogenesis and energy metabolism (Petriz et al., 2017). High-intensity exercise as highlighted by MacInnis and Gibala (2017) activates kinases such as creatine and Adenosine Diphosphate to a greater extent than low-intensity training, increasing expression of mRNA, a regulator for mitochondrial biogenesis. 

Metabolic System 
Chronic exercise can improve insulin sensitivity, exercise training has been shown to reverse insulin resistance (Bird and Hawley, 2016). This adaptation is thought to occur due to improved glucose uptake in skeletal muscle, occurring through the existence of glucose transporter isoform 4 (GLUT 4) (Bird and Hawley, 2016; DiMenna and Arad, 2021). 
GLUT 4 allows glucose to enter cells activating glycolysis, long-term exercise increases GLUT4 concentration in both type 1 and type 11a muscle fibres (Flores-Opazo et al., 2018; Bird and Hawley, 2016). 
GLUT4’s rate of translation is enhanced through chronic exercise, muscular contractions activate molecular calcium signalling pathways from the sarcoplasmic reticulum, promoting its translocation (Rohling et al., 2016).  
A systematic review by Way et al. (2016) highlights increased GLUT4 expression improves long-term glucose control, reducing likelihood of several chronic diseases including type 2 diabetes, heart disease and cancer. 
Both chronic endurance and resistance training lead to changes in gene expression, improving GLUT4 translocation (Rohling et al., 2016). Long-term resistance training can increase GLUT4 concentrations by 30%-70%, enhancing insulin sensitivity by 10%-48%, although endurance and resistance training both increase insulin sensitivity, therefore increased adaptations could be achieved through training between several modalities (Bird and Hawley, 2016). 



Part 2 
Cardiovascular Health 
Cardiorespiratory fitness (CRF) during adolescence is a vital sign for future health, several health outcomes can be predicted by levels of CRF including, cardiometabolic health, premature CVD and mortality (Raghuveer et al., 2020). 
Regular PA during adolescence can improve CRF, reducing cardiovascular risk factors due to occurring adaptations, as hemodynamic stress results in myocardium hypertrophy (Raghuveer et al., 2020). 
Several differences have been observed in adulthood based on PA levels during growth as Raghuveer et al. (2020) study demonstrates that after adjusting for several risk factors, high levels of CRF during youth results in greater carotid compliance when followed for 24 years, greater ability to participate in PA during adulthood was also observed due to greater aerobic capacity. 
Additionally, systematic review by Garcia-Hermosos et al. (2020) highlights that increased CRF at baseline during adolescence is associated with improved parameters of cardiometabolic diseases such as, myocardial infarction in adulthood. Participating in vigorous-intensity PA rather than moderate-intensity during adolescence significantly improves CRF, associated with reduced adulthood Body Mass Index and waist circumference, as CRF contributes to the reduction of differentiation of stem cells into fat cells whilst increasing bone and muscle uptake (Carson et al., 2014).  
Such adaptations could be the result of increased muscular adaptations due to increased CRF, as previously mentioned by Conley (2016) and MacInnis and Gibala (2017) as increased mitochondria improves cellular respiration, controlling energy metabolism and fat oxidation. 
However, minimum research is available on the amount of CRF needed during adolescence to improve healthy living and longevity (Garcia-Hermoso et al., 2020). 
Mintjens et al. (2018) found weak to moderate association in their systematic review between CRF and specific risk factors for CVD, this could be due to a lack of measurement standardisation, improving uniform measure of CRF such as VO2 max should be used to improve understanding and associations. 


Bone Health 
Declining bone mass occurs with ageing increasing risk of osteoporosis and fragility fractures, a costly public health burden, risks can be reduced by maximising peak bone mass across the lifespan (Strope et al., 2015; Nguyen, 2018). Peak bone mass is achieved for most by the third decade of life, Female peak bone mass is achieved sooner, with 80% to 90% maximised by the second decade (Vlachopoulos et al., 2015; Troy et al., 2018). 
An influencing factor on peak bone mass development, bone density and strength is PA, particularly during adolescence due to the sensitivity and adaptiveness of young bone in response to mechanical loading (Troy et al., 2018; Strope et al., 2015). 
PA generates force and stress upon bone, causing deformation of bone tissue, osteocytes the mechanosensitive cells in the bone signal a cascade of events triggering signalling pathways, regulating osteoblast expression and downregulating osteoclasts (Strope et al., 2015; Troy et al., 2018). Osteoblasts cells are bone-forming whilst osteoclasts are bone-resorbing, as both communicate resorption occurs forming new bone, changing bone geometry (Faienza et al., 2020). PA induces inflammation producing irisin from myokines released by skeletal muscle, signalling of bone formation occurs improving overall BMD, PA participation during adolescence activates higher levels of irisin compared to sedentary peers (Faienza et al., 2020).
Weight-bearing PA during growth is associated with a 10% increase in femoral hip and lumbar BMD when compared to non-training individuals (Strope et al., 2015; Vlachopoulos et al., 2015) an important factor to consider as osteoporosis fractures are likely to occur in femoral hip and lumbar regions (Nguyen, 2018). Similar findings were observed in a review by Nguyen (2018), youth that participated in high-impact jumping activities for 10 minutes, 3 times a week had an increase in both BMD and bone-mineral content compared to in-active peers, a ground reaction force of 3.5 x body weight resulted in increased benefits. 

Maximising peak bone mass during adolescence through PA, maintains increased levels of BMD throughout the lifespan (Nguyen, 2018). This is highlighted in Strope et al. (2015) study, regular PA between 10 years and 30 years showed increased bone geometry and structure at 80 years compared to those with low PA during the same period. 
The influence of PA on BMD and peak bone mass during growth is specific to the training mode, greater effects are observed during osteogenic sports in particular gymnastics, dance, running and football, in comparison to swimming, due to increased mechanical force stimulating bone remodelling (Nguyen 2018; Faienza et al., 2020; Vlachopoulos et al., 2015). Additionally, plyometric training has been shown to have positive effects at every age (Troy et al., 2018). 
Although PA during adolescence improves peak bone mass reducing risks of osteoporosis, continuous PA throughout adulthood reduces bone loss (Strope et al., 2015). 
Bone mass cannot be gained during adulthood in particular over the age of 60 years, however slowing down the process of bone loss can be achieved through PA, a 0.5% to 2.5% increase in bone strength can be achieved when engaging in weight bearing activities (Troy et al., 2018). Although, Faienza et al., (2020) suggests that further studies are needed to consider the precise amount of PA needed during ageing, particularly post-menopausal Females. 






Conclusion
Multi tissue, physiological and system adaptations are generated with the hemodynamic stress influenced by chronic exercise. Several contributing factors exist in promoting optimal health across the lifespan. Increasing exercise training has an influential impact on the myocardium, reducing risks of several non-communicable diseases including stroke, CVD, myocardial infarction, and pulmonary hypertension. 
Such improvements are due to reduced RHR and BP, influenced by increased cardiac output and SV as cardiac hypertrophy is initiated with long-term exercise and physiological stress. 
Respiratory adaptations such as improved diffusion elevates tissue oxygen levels enhancing pulmonary function. Chronic exercise stimulates alveolar capillary angiogenesis and membrane permeability encouraging alveolar growth, increasing blood flow and diffusion gradient. 
Adaptations to both the cardiovascular and the respiratory systems influence levels of CRF. 
Evidently, health outcomes are improved with greater levels of CRF, particularly when higher levels are observed during adolescence. Participating in PA during stages of growth reduces CVD risks with ageing, arterial stiffness is reduced, aerobic capacity is increased enhancing PA ability throughout the lifespan. 
Mitochondrial biogenesis, an adaptation of the muscular system improves oxygen uptake, linked with several adaptations of the metabolic system such as, improved fat utilisation and insulin sensitivity as signalling pathways are enhanced with muscular contractions. Improved CRF levels are also associated with changes to the mitochondria, linking muscular, cardiovascular, and metabolic adaptations. 
Evidently, participating in chronic PA should be encouraged throughout the lifespan, particularly during adolescence. Chronic exercise positively impacts longevity reducing risks of CVD, cardiometabolic disease and increasing independency, reducing bone loss and increasing peak bone mass. Exercise during adolescence that involves mechanical bone loading promotes osteoblast and osteoclasts activity and inflammation, influencing peak bone mass. Weight bearing PA during growth encourages greater levels of BMD with positive associations observed in bone geometry across the lifespan, specifically the femoral hip and lumbar, prevalent areas of fracture occurrence.
Both resistance and endurance PA is shown to have the greatest benefit for many of the physiological adaptations, although adaptations to skeletal bone and respiratory system are mode dependent. Optimal health can be achieved through chronic PA that creates adaptations to all physiological systems, engaging in several different modes of exercise regularly, working aerobically and anaerobically could provide the best health outcomes across the lifespan. 
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