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Introduction
Asthma is a chronic inflammatory disorder of the airways characterised by recurrent bouts of wheezing, breathlessness, chest tightness and coughing, particularly at night or in the early morning (Waugh and Grant, 2018). These symptoms arise from reversible airflow obstruction, bronchial hyper-responsiveness and underlying airway inflammation. In adolescents, asthma often continues from childhood into adulthood or may even be newly diagnosed. It is often triggered by environment and/or lifestyle factors, including smoking, vaping and inhabiting crowded environments. (Peate and Nair, 2011, Chapter 11).
Risk factors for asthma include genetic predisposition such as family history, or can be environmental exposures (allergens, pollution, tobacco smoke), and/or suffering from a respiratory infection in early life, obesity and occupational or lifestyle irritants can also be a major cause (Scanlon and Sanders, 2018).
In the described fortnightly asthma clinic for the case study, adolescents moving into adulthood can face the added risks that comes with smoking, vaping and socialising in crowded places, such as pubs and clubs because they can increase exposure to many irritants that can exacerbate inflammation in the airways which in turn, leads to an increased risk of respiratory infections by reducing lung function. Therefore, education on the respiratory system is essential for patients if we are to promote self-management and adherence to care plans (Tucker et al., 2011). An understanding of these issues empowers patients to recognise the triggers and engage proactively with the treatment they are receiving.
Respiratory System
The respiratory system is anatomically divided into two parts, basically the upper and lower respiratory tracts. The upper tract includes the nose, naval cavity, pharynx and larynx. These warm, humidify, and filter inspired air. The lower tract consists of the trachea, bronchi, bronchioles and alveoli within the lungs (Wagh and Grant, 2018). The lungs are paired organs housed in the thoracic cavity, protected by the rib cage and separated by the mediastinum. Each lung is covered by pleura (visceral and parietal layers) with pleural fluid to reduce friction during breathing. The right lung has three lobes, the left has two to accommodate the heart (Scanlon and Sanders, 2018). 
The airways such as trachea and terminal bronchioles are lined with cells that produce mucus to trap particles, whilst the respiratory zones are the site of gas exchanges. Alveoli are thin-walled sacs surrounded by capillaries and supported by elastic fibres that help recoil (Peate and Nair, 2011, Chapter 11). Mechanical respiration (breathing) involves inspiration and expiration driven by changes to pressure within the thoracic cavity, following Boyles law. Inspiration is an active process whereby the diaphragm contracts and flattens and external intercostal muscles lift the ribcage to increase thoracic volume and decrease intrapleural pressure. Atmospheric pressure then forces air into the lungs until the intrapulmonary pressure is equal to the atmospheric pressure (Waugh and Grant, 2018). Expiration at rest is passive with elastic recoil of the lungs and chest wall being helped by relaxation of the diaphragm and intercostals, which decreases thoracic volumes to raise intracostals to decrease thoracic volume, thus raising intrapulmonary pressure above atmospheric and expelling air. Forced expiration recruits internal intercostals and the abdominal muscles (Odya and DuPree, 2018).
In adolescents with asthma, mechanical respiration can be significantly impaired by bronchoconstriction, airway inflammation and mucus hypersecretion. This results in narrowed airways, increased resistance and prolonged expiration, often producing the characteristic wheeze. Over time, repeated episodes may lead to respiratory muscle fatigue, particularly if exacerbations are frequent or poorly managed (British Lung Foundation, 2022).

Process of gas exchange in the lungs 
Gas exchange occurs in the alveoli via simple diffusion across the respiratory membrane (composed of alveolar epithelium, basement membrane and capillary endothelium, approximately 0.5 μm thick). Oxygen (O₂) moves from alveolar air (partial pressure, PAO₂ ≈ 13.3 kPa) into pulmonary capillary blood (PvO₂ ≈ 5.3 kPa), binding to haemoglobin to form oxyhaemoglobin. Carbon dioxide (CO₂) diffuses in the opposite direction from blood (PvCO₂ ≈ 6.1 kPa) into alveoli (PACO₂ ≈ 5.3 kPa) for exhalation (Scanlon and Sanders, 2018).
Efficient gas exchange depends not only on diffusion but also on the matching of ventilation (airflow) and perfusion (blood flow), known as the ventilation–perfusion (V/Q) ratio. In healthy lungs, this balance ensures optimal oxygen uptake and carbon dioxide removal. However, in asthma, airway obstruction disrupts ventilation, leading to mismatched V/Q ratios and reduced oxygenation of blood (Global Initiative for Asthma, 2023).

This process is facilitated by a large surface area (≈70 m²), thin diffusion barrier and steep concentration gradients maintained by continuous ventilation and perfusion. In the blood, CO₂ is transported as bicarbonate ions (HCO₃⁻) via the carbonic anhydrase reaction, dissolved CO₂ or carbamino-haemoglobin. The Haldane and Bohr effects optimise unloading of O₂ in tissues and CO₂ loading in lungs (Waugh and Grant, 2018).
In asthma, inflammation, bronchospasm and mucus plugging can significantly reduce alveolar ventilation. This leads to hypoxaemia and, in severe cases, hypercapnia due to inadequate CO₂ removal. During acute exacerbations, patients may experience cyanosis, confusion and fatigue, indicating impaired gas exchange and the need for urgent intervention (NICE, 2021).

Irritants impact on respiration 
Irritants such as cigarette smoke, vaping aerosols, allergens or pathogens trigger the release of inflammatory mediators (histamine, leukotrienes, cytokines) from mast cells and epithelial cells in the airways. This causes vasodilation, increased vascular permeability and oedema (swelling) of the bronchial mucosa and lung tissue (Waugh and Grant, 2018). Smooth muscle contraction (bronchoconstriction) narrows the airways, while goblet cell hyperplasia increases mucus production, forming plugs that obstruct smaller bronchioles.

In addition, chronic exposure to irritants can lead to structural changes known as airway remodelling. This includes thickening of the airway wall, increased smooth muscle mass and fibrosis, all of which contribute to long-term reductions in lung function. These changes are particularly concerning in adolescents, as lung development may still be ongoing, potentially leading to lifelong respiratory impairment (Asthma UK, 2023).
The swelling reduces airway diameter, increasing airway resistance (according to Poiseuille’s law, resistance is inversely proportional to radius⁴). This elevates the work of breathing, particularly during expiration, leading to air trapping, hyperinflation and reduced vital capacity (Scanlon and Sanders, 2018). In severe cases, ventilation–perfusion mismatch worsens gas exchange, resulting in hypoxaemia.

Adolescents exposed to smoking or vaping experience accelerated inflammation due to toxic chemicals such as formaldehyde and acrolein found in aerosols. Furthermore, social environments such as crowded clubs increase exposure to airborne pathogens, compounding inflammation and triggering exacerbations (NHS, 2023). Long-term, repeated inflammation can lead to irreversible airway obstruction and reduced responsiveness to treatment (Peate and Nair, 2011, Chapter 11).

Tracking respiratory functions, such as peak flow readings 
Peak expiratory flow rate (PEFR) measures the maximum speed of expiration using a peak flow meter and reflects large airway patency. Patients record daily readings (best of three attempts) in the morning and evening, plotting them on a chart to identify personal best and early deterioration (typically a 20% drop signals worsening control) (Waugh and Grant, 2018). In addition to PEFR, other monitoring tools such as spirometry may be used in clinical settings to assess forced expiratory volume (FEV₁) and overall lung function. Digital health technologies, including smartphone apps and smart inhalers, are increasingly being used to track symptoms, medication adherence and environmental triggers, offering adolescents a more engaging and interactive approach to self-management (Global Initiative for Asthma, 2023).

Tracking PEFR alongside symptoms and medication use enables early intervention, reduces emergency visits and promotes adherence to personalised asthma action plans (Scanlon and Sanders, 2018). In adolescents, regular monitoring fosters self-efficacy, allowing them to correlate lifestyle triggers (e.g., vaping) with declines in PEFR and adjust behaviour accordingly. Furthermore, consistent monitoring supports shared decision-making between patients and healthcare professionals. Objective data allows clinicians to tailor treatment plans more effectively, ensuring appropriate use of inhaled corticosteroids and bronchodilators (NICE, 2021).

Evidence-based recommendations on lifestyle changes 
Lifestyle modifications are essential for asthma control. Smoking and vaping cessation is paramount: nicotine and chemicals in e-cigarettes cause direct epithelial damage and inflammation, worsening symptoms (Waugh and Grant, 2018). Adolescents should be referred to cessation programmes, as quitting rapidly improves lung function and reduces exacerbation frequency (Peate and Nair, 2011, Chapter 11). Support from services such as NHS stop smoking programmes can significantly improve success rates (NHS, 2023).

Avoiding crowded, poorly ventilated venues minimises exposure to respiratory viruses and second-hand smoke. Regular moderate exercise (e.g., swimming) strengthens respiratory muscles without triggering attacks when preceded by bronchodilator use (Scanlon and Sanders, 2018). Exercise has also been shown to improve cardiovascular fitness and mental wellbeing, both of which are important in adolescent health.

Maintaining a healthy weight reduces obesity-related inflammation and mechanical load on the diaphragm (Tucker et al., 2011). Nutritional interventions, including diets rich in fruits, vegetables and omega-3 fatty acids, may also help reduce systemic inflammation and improve respiratory health (British Lung Foundation, 2022).

Allergen avoidance (dust mites, pollen) via bedding covers and air filtration, combined with annual influenza vaccination, further prevents triggers. Education on recognising early signs and using written action plans empowers safe management (Odya and DuPree, 2018). Additionally, adherence to prescribed medication, particularly inhaled corticosteroids, is critical in preventing chronic inflammation and exacerbations (NICE, 2021).
Conclusion
This report has outlined the pathophysiology of asthma within the context of the respiratory system’s structure, mechanical respiration and gas exchange. It demonstrates how irritants induce airway swelling and impair respiration, underscoring the value of PEFR monitoring for self-management. Evidence-based lifestyle recommendations, particularly smoking/vaping cessation and trigger avoidance, offer practical strategies to improve adolescent health outcomes. By equipping patients with this knowledge, the asthma clinic can foster greater independence and safer respiratory health (Waugh and Grant, 2018).
These changes, supported by clinic discussions, enable adolescents to engage effectively with care plans, reduce hospital admissions and improve long-term respiratory outcomes.
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