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Introduction 

Asthma is a chronic inflammatory disease affecting the airways, which is characterised by variable respiratory symptoms and reversible airways due to persistent inflammation of the bronchial tree (National Institute for Health and Care Excellence (NICE), 2021; Global Initiative for Asthma (GINA), 2023). The condition is characterised by airway hyperresponsiveness which refers to the bronchus having an exaggerated constrictive response to stimuli which leads to bronchoconstriction, oedema of mucosa and enhanced mucus production in the lungs collectively leading to narrowing of the airway lumen (Papi et al., 2018).  

This report explains the structure of the respiratory system and mechanics of ventilation before going on to explain the physiological process of gas exchange and how this is compromised in Asthma. It will then analyse the role played by the inflammatory changes in the airways in impairing the respiratory function and will consider the role played, in favour of safe self-management, by monitoring tools, such as the measurement of the peak flow. Finally, evidence-based lifestyle recommendations will be discussed as behavioural modification may improve airway inflammation and long-term respiratory outcomes. 

Structure of the Respiratory System and Mechanical Respiration 

The respiratory system has an anatomical organisation which is designed to ensure efficient air conduction, filtration and gas exchange (Saldiva et al., 2009). Air first enters through the nasal cavity, where it is warmed, humidified and filtered by a highly vascular mucosa with pseudostratified ciliated epithelium and mucous secreting goblet cells which act as a unit for the filtration of inhaled particles (Crystal, 2004; Bousquet et al., 2000). The pharynx acts as a common air passage before air passes through the trachea, a rigid tubular structure with C-shaped rings of cartilage to keep the airway open during inspiration (Crystal, 2004). The trachea bifurcates to form primary bronchi and these bronchi increase in size to bronchioles. Unlike the bronchi, bronchioles do not have a cartilaginous support, but contain circumferential layers of smooth muscle, which can be used to control the diameter of the airways by contracting and relaxing (Bousquet et al., 2000). This structural organization reflects how anatomy is the basis of function such that rigid cartilage prevents airway collapse, proximal to the airway, while smooth muscle allows dynamic control of airflow, distal to the airway. 




Structure of the respiratory system 
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 At the terminal ends of bronchioles lie the alveoli (microscopic air sacs specialised for the exchange of gases). Each alveolus is separated by a thin alveolar membrane made of type I pneumocytes and a dense capillary system that causes the minimal diffusion barrier that leads to the rapid exchange of oxygen and carbon dioxide (Pavord et al., 2018). Type II Pneumocytes are used to secrete surfactant for alleviating surface tension and prevent the collapse of alveoli in the process of expiration (Papi et al., 2018). Surrounding lungs there is pleura which has two layers: visceral and parietal, enclosing pleural cavity that minimises friction and helps with negative intrathoracic pressure, which is necessary for lung expansion. Thus, the conducting airways, alveoli and pleural structures architecture is coordinated for the efficient ventilation and diffusion. 

Mechanical Respiration Illustration 
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Mechanical respiration depends on gradients of pressure developed by changes in the volume of the thorax. During inspiration, contraction of the diaphragm muscle and muscles located between the ribs increases the size of the thoracic cavity & decreases the intrapulmonary pressure to a level below atmospheric pressure, causing air to enter the lungs (McFadden, 2006). Expiration at rest is a mainly a passive process, this involves the elastic recoil of the lung tissue, and relaxation of the inspiratory muscles resulting in an increase in the intrapulmonary pressure which then expels air (Saldiva et al., 2009). This pressure-driven mechanism demonstrates the important relation between anatomic structure and physiologic function: undamaged airway architecture and compliant lung tissue are necesary to ensure good airflow and optimise oxygen delivery. 

Gas Exchange in the Lungs 

Effective gas exchange occurs within the alveoli of the structure of which is highly specialised for optimal diffusion. Each alveolus is composed of type I pneumocytes in the form of a one-cell thick epithelium that is closely apposed to an equally thin capillary endothelium, whereby together the so called alveolar-capillary membrane is formed (Pavord et al., 2018). This minimal diffusion barrier is combined with an extensive capillary network which wraps around each of the alveoli maximising surface area and minimising the diffusion distance and thus facilitating a rapid transfer of respiratory gases (Saldiva et al., 2009). Type II pneumocytes are one of those contributors to this process as they release surfactant which decreases the pressure in the alveoli, preventing it from collapsing during expiration in order to maintain constant ventilation and perfusion matching, (McFadden, 2006). 

Gas exchange across this membrane takes place on the basis of the laws of passive diffusion, when molecules move down their partial pressure gradients (Papi et al., 2018). Inhaled oxygen creates a greater partial pressure inside the alveoli than is the case with the deoxygenated blood arriving through the pulmonary arteries. As a result, the oxygen is moved through the alveolar membrane into the capillary blood where it is reversibly bound to haemoglobin in the erythrocytes (Papi et al., 2018). The affinity of the haemoglobin for oxygen permits efficient loading in the lungs with subsequent loading of the systemic circulation blending respiratory and cardiovascular systems in maintaining cellular oxygen supply (McFadden, 2006). 

Conversely, carbon dioxide that is produced by cellular metabolism is conveyed via the venous circulation to the lungs, mostly in plasma as bicarbonate ions (Saldiva et al., 2009). Owing to a high partial pressure of carbon dioxide in the blood, as compared with the alveoli, the diffusion process takes place in the reverse direction so that the carbon dioxide are transferred to the alveolar space to be exhaled during expiration (Papi et al., 2018). This process of diffusion in two directions highlights the interdependence of the structural specialisation of the alveoli, along with cardiovascular perfusion and carbon dioxide removal by haemoglobin-mediated transport, on maintenance of systemic oxygen delivery and carbon dioxide removal, processes critically deranged in inflammatory airway diseases such as asthma. 

Pathophysiology 

Asthma is the result of chronic inflammation of the bronchial mucosa that causes the airways to become sensitive to overreactions to stimuli, causing the airways to be variably but repeatedly obstructed (Bousquet et al., 2000; GINA, 2023). Inflammatory activation of the lining of the airway causes swelling (mucosal oedema) and leaky vessel walls in combination with hyperreactivity and excessive contraction of the airway smooth muscle (bronchospasm), which constrict the bronchioles that are not already supported by cartilage (Cherniack, 1995; Kaminsky and Chapman, 2020; Bousquet et al., 2000; Shirai et al., 2013). At the same time, occurrence of goblet cell hyperplasia and submucosal gland arestimulation, then increase in mucus secretion; also, mucus plugs can further block the small airways, generates increase in airway resistance and decrease in expiratory airflow (Papi et al., 2018). These alterations are not only structural-they are linked to changes in the dynamics of air movement, favouring ventilation heterogeneity and the creation of functional bottlenecks in the peripheral airways, explaining why asthma can be a disease characterized by episodes of symptoms in the patient despite a subject being apparently normal at other times (Shirai et al., 2013; Kaminsky and Chapman, 2020). 

Functionally, the reduced effective ventilation of alveoli due to narrowing of airways and mucus accumulation leads to decreased gas exchange due to the formation of low ventilation areas relative to perfusion (ventilation perfusion mismatch) and also reduced diffusion of oxygen into the blood (Kaminsky and Chapman, 2020; GINA, 2023; Cherniack, 1995). Incomplete emptying during expiration leads to air trapping and dynamic hyperinflation that leads to an increase in work of breathing; patients defend themselves by increasing their breathing with more shallow breathes and the use of accessory muscles and turbulent airflow through narrowing bronchi causes wheeze (Shirai et al., 2013). Lifestyle and environment may amplify these mechanisms. For instance, cigarette smoke impairs the ciliated epithelium and reduces mucociliary clearance, mucus clearance lessens and susceptibility to infection may be increased leading to issues such as neoadjuvant exacerbations (Jiang et al., 2020). The effects of vaping in young people with asthma can be very detrimental, with aerosols potentially irritating the lining of airways and reducing the effects of symptom control (Chatziparasidis et al., 2022; Li et al., 2022). Moreover, crowded settings increase exposure to respiratory pathogens, and viral infections are known to be a key trigger of asthma exacerbation due to their ability to heighten epithelial injury and inflammatory signalling which helps expedite bronchospasm and mucus secretion (Lamothe et al, 2024; Kim et al, 2022; Holden et al, 2023). 



Monitoring and Tracking Respiratory Data 

Monitoring of respiratory function is central to the safe management of asthma and is central to the implementation of routine clinical data in supporting self-management and early intervention. Peak expiratory flow (PEF) measurement is used to quantify the rate of maximal expiratory flow during a forced expiration from maximal lung inflation and is an objective measure of large and medium airway calibre (NICE, 2021; Kaminsky and Chapman, 2020; Papi et al., 2018). Because expiratory airflow is highly dependent on airway diameter, even small reductions in bronchiolar radius significantly increase airway resistance according to the Poiseuille's principle where resistance is inversely proportional to the fourth power of the radius. Consequently, airway narrowing secondary to inflammation, bronchospasm and mucus accumulation causes resistance to be increased, airflow velocity reduced and peak flow values to be measurably declined. This is a physiologic relationship showing the direct relationship between structural change in the airways and functional change in the respiratory system. 

Daily monitoring of peak flow helps detect the deterioration early before the severe symptoms develop. Progressive airway inflammation may lead to the development of small limitations in airflow that may not be perceived by patients immediately, while serial measurement of peak flow reveals down trending when compared to the individual's personal best. Tracking these trends enables healthcare professionals to make a stepwise adaptation of medication, such as to increase dosages of inhaled corticosteroids or initiate the use of a rescue bronchodilator therapy, to avoid escalation to acute exacerbations. Furthermore, structured peak flow diaries facilitate personalised asthma action plans, in which adolescents are empowered to identify the onset of early warning signs and seek early intervention. 

Evidence Based Lifestyle Recommendations 

Effective management of asthma goes beyond pharmacological treatment and involves modification of behavioural and environmental factors that have a direct effect on airway physiology. Smoking cessation is of the utmost importance considering that inhaled tobacco smoke damage ciliary function, disrupts epithelial integrity and perpetuates chronic airway inflammation (Bousquet et al. 2000). Inflammation of ciliated epithelium reduces mucociliary clearance and thus retention of mucus predisposes to infection, which in turn increases inflammation and harshness of the inflammatory cascades and bronchial hyperresponsiveness (Jiang et al., 2020; NICE, 2021). Cessation decreases release of inflammatory mediators, helps with epithelial repair and normal exchange of oxygen by restoring airway patency and decreasing ventilation perforator mismatch (Jiang et al., 2020). Avoidance of vaping is also extremely important. Aerosolised chemicals and flavouring chemicals can affect airway mucosa inducing oxidative stress and damage to the epithelial barrier function thus exacerbating bronchial reactivity in susceptible adolescents (Chatziparasidis et al., 2022). Preventing such exposure limits epithelial injury and lessens the tendency to exacerbations caused by inflammation. 

Vaccination against the respiratory pathogens, in particular influenza, is advisable as viral infections are well-recognised triggers of asthma exacerbations (Lamothe and Jackson, 2024). Infection of airway epithelium by viruses leads to enhanced inflammatory responses, increased mucous secretion and causes bronchospasm. It is therefore possible to prevent secondary inflammatory amplification and maintain airway stability by preventing infection (Kim et al., 2022). It is also good to get regular physical activity. Moderate exercise helps to improve the lung capacity, strengthens the respiratory muscles including the diaphragm and increases the efficiency of the cardiovascular system, thus optimising the oxygen delivery to peripheral tissues (GINA, 2023). Improved aerobic conditioning can help to decrease the level of breathlessness perception and aid in better symptom control when used alongside appropriate medication use. 

Environmental control strategies also help to further control airway inflammation. Reduction of exposure to indoor allergens, enhancement of home ventilation and reduction of the burden of air pollution on the bronchial mucosa reduce the burden of inflammatory stimuli on the bronchial mucosa (WHO, 2022). By reducing exposure to allergens and airborne irritants with such requirements will help reduce hyperresponsiveness in the airways and keep the number of episodes of airflow obstruction to a minimum.  


Conclusion
 
In conclusion, understanding of respiratory physiology is fundamental to effective asthma management as this enables to translate structural and functional understanding to meaningful clinical practice. Recognising the way that airway inflammation, bronchoconstriction and mucus production affect airways flow-dynamics means that healthcare professionals and patients can interpret their own symptoms and objective measurements with increased accuracy. This physiological understanding is the basis for the use of such monitoring tools as peak flow measurement which help convert the effects of subtle changes in airway calibre into usable information. Equally, long term asthma control is dependent upon a sustained lifestyle modification. Therefore, combining strategies of the physiologic integration with behavioural support provides the most sustainable solution to improve respiratory outcomes and quality of life for adolescents living with asthma. 
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