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Case Study 2: Asthma Management in Adolescents --- Understanding Respiratory Function, Monitoring, and Lifestyle Changes

a) Introduction
Asthma is a chronic inflammatory disease of the airways that affects millions of people worldwide (World Health Organization, 2019). It causes the airways to become swollen, narrowed, and filled with excess mucus, making breathing difficult (Asthma + Lung UK, 2024). The condition is characterised by episodes of wheezing, coughing, chest tightness, and shortness of breath, commonly referred to as asthma exacerbations or attacks (NHS, 2021). Although asthma cannot currently be cured, it can usually be effectively controlled through appropriate medication, regular monitoring, and targeted lifestyle modifications (Global Initiative for Asthma, 2024).
While asthma affects individuals of all ages, it is particularly prevalent among children and adolescents. During adolescence, lifestyle transitions—such as initiating smoking or vaping, frequenting crowded social environments, and demonstrating reduced adherence to prescribed medication—significantly increase the risk of severe exacerbations (Global Initiative for Asthma, 2024). Consequently, patient education is vital to help young people understand their condition and actively engage with their care plans.
Several risk factors contribute to the development and worsening of asthma. These include genetic predisposition, a family history of atopy, exposure to tobacco smoke, air pollution, occupational irritants, obesity, and viral respiratory infections (National Institute for Health and Care Excellence, 2024). Furthermore, common environmental allergens—such as pollen, dust mites, and pet dander—act as frequent triggers (NHS, 2021). Adolescents who smoke cigarettes or use electronic cigarettes are at a substantially higher risk of chronic airway inflammation and poor disease control (Asthma + Lung UK, 2024). Similarly, seasonal respiratory viruses, particularly during the winter months, remain one of the most common catalysts for acute asthma attacks (Global Initiative for Asthma, 2024).
b) Structure of the Respiratory System and Mechanical Respiration
The respiratory system is responsible for supplying oxygen to the body’s tissues and eliminating carbon dioxide, a waste product generated during cellular respiration (Tortora and Derrickson, 2024). Anatomically, it is divided into the upper and lower respiratory tracts.
The Upper Respiratory Tract
The upper respiratory tract comprises the nose, nasal cavity, mouth, pharynx (throat), and larynx (voice box) (Tortora and Derrickson, 2024). As air enters through the nose, it is filtered, warmed, and moistened before progressing toward the lungs. Tiny hairs and microscopic mucus secretions trap inhaled dust particles, bacteria, and foreign materials, helping protect the system from infection.
The Lower Respiratory Tract
The lower respiratory tract consists of the trachea, the left and right primary bronchi, the bronchioles, and the lungs containing the alveoli (Tortora and Derrickson, 2024). The trachea divides into two primary bronchi, one entering each lung. These continue branching into increasingly narrow bronchioles, which terminate in millions of microscopic air sacs called alveoli.
Mechanical Respiration
Mechanical respiration, or ventilation, is the physical process by which air moves into and out of the lungs (Tortora and Derrickson, 2024). It operates across two distinct phases:
· Inspiration: During inhalation, the diaphragm contracts and flattens downward while the external intercostal muscles contract. This combined action pulls the rib cage upwards and outwards, increasing the volume of the thoracic cavity. As thoracic volume expands, the pressure inside the lungs drops below atmospheric pressure, drawing oxygen-rich air into the alveoli.
· Expiration: During normal resting exhalation, the diaphragm and intercostal muscles relax, allowing the chest cavity to recoil to its smaller resting volume. This reduction in volume increases intrapulmonary pressure, forcing carbon dioxide-rich air out of the lungs. While quiet expiration is passive, forced expiration—such as during strenuous exercise or an asthma attack—requires active contraction of the abdominal and internal intercostal muscles.
c) Gas Exchange in the Lungs
Gas exchange occurs within the alveoli through passive diffusion (Tortora and Derrickson, 2024). The alveoli possess several structural features that make this process highly efficient: walls that are only one cell thick, moist inner surfaces, a rich surrounding capillary network, and an immense collective surface area.
When inhaled air reaches the alveoli, the concentration of oxygen is higher inside the alveolar sacs than in the deoxygenated blood of the surrounding capillaries. Following this gradient, oxygen diffuses across the alveolar membrane into the bloodstream. Once inside the red blood cells, it combines with haemoglobin to form oxyhaemoglobin, allowing oxygen to be transported throughout the body (Tortora and Derrickson, 2024).
At the same time, the concentration of carbon dioxide is higher in the capillary blood than inside the alveoli. Carbon dioxide diffuses from the blood into the alveolar space, where it is subsequently removed during exhalation. This continuous exchange ensures body tissues receive adequate oxygen while metabolic waste is safely eliminated.
d) Effects of Irritants on the Respiratory System
Asthma is characterised by chronic inflammation of the conducting airways. When individuals with asthma are exposed to inhaled irritants or allergens, their immune system overreacts (NHS, 2021). Common triggers include cigarette smoke, vaping aerosols, air pollution, dust mites, pollen, pet fur, respiratory infections, cold air, physical exercise, strong perfumes, and stress (Asthma + Lung UK, 2024).
Airway Inflammation
Exposure to these triggers activates specialized inflammatory cells within the airway lining, including mast cells and eosinophils (McCance et al., 2010). These cells release chemical mediators—such as histamine and leukotrienes—that provoke three primary reactions: swelling of the airway lining, increased mucus production, and contraction of the bronchial smooth muscle (bronchoconstriction). Consequently, the airways become significantly narrower.
Impact on Respiration
As airway narrowing worsens, airflow resistance increases. Less oxygen reaches the alveoli and carbon dioxide removal becomes less efficient, forcing the individual to breathe faster and work harder to maintain ventilation (McCance et al., 2010). This presents clinically as wheezing, breathlessness, persistent coughing, and chest tightness. During severe attacks, oxygen delivery to the tissues may become entirely inadequate, requiring urgent medical intervention.
Smoking and Vaping
Both smoking and vaping significantly worsen asthmatic inflammation (Global Initiative for Asthma, 2024). Cigarette smoke damages the protective cilia lining the airways, triggers chronic mucus hypersecretion, and sustains tissue inflammation. Smokers with asthma experience more frequent attacks, accelerated loss of lung function, poor physiological responses to inhaled corticosteroids, and higher rates of hospital admission (British Thoracic Society, 2019). Furthermore, while vaping is often perceived as a safer alternative, e-cigarette vapour contains toxic chemicals that directly irritate the airways and trigger acute bronchospasm (Asthma + Lung UK, 2024). Adolescents should therefore be strongly advised to avoid both.
Respiratory Infections
Viruses such as Rhinovirus and Influenza frequently trigger acute asthma exacerbations (Global Initiative for Asthma, 2024). Respiratory infections compound existing inflammation within sensitive airways, causing heightened mucus secretion and severe bronchoconstriction. Routine annual influenza vaccination and good hand hygiene are critical preventive measures.
e) Monitoring Respiratory Function
Monitoring asthma allows patients and healthcare professionals to assess disease control and detect early deterioration before serious clinical symptoms develop (National Institute for Health and Care Excellence, 2024).
Peak Expiratory Flow (PEF)
Peak flow measures the maximum speed at which air can be forcefully exhaled from the lungs after a deep breath. Patients use a handheld peak flow meter to record readings twice daily, typically every morning and evening (British Thoracic Society, 2019).
Importance of Longitudinal Tracking
Keeping a consistent peak flow diary helps patients identify worsening asthma early, recognise personal triggers, monitor treatment effectiveness, and detect abnormal daily variations in lung function (National Institute for Health and Care Excellence, 2024). When integrated into a traffic-light Asthma Action Plan, readings are mapped against the patient's "personal best" measurement (British Thoracic Society, 2019):
· Green Zone (80–100%): Asthma is well controlled; maintain normal routine.
· Yellow Zone (50–79%): Asthma is worsening; indicates acute airway narrowing requiring a temporary step-up in treatment.
· Red Zone (Below 50%): Medical emergency; requires immediate rescue medication and urgent clinical assessment.
Additional Monitoring
Alongside objective PEF scores, patients should track subjective data: daytime symptom frequency, night-time waking, reliever inhaler use, and exercise tolerance (National Institute for Health and Care Excellence, 2024). Regular reviews at the asthma clinic utilize these records to check inhaler technique and verify medication adherence.
f) Evidence-Based Lifestyle Recommendations
Pharmacological treatment must be supported by positive lifestyle changes to improve overall asthma control (Global Initiative for Asthma, 2024).
· Stop Smoking and Vaping: Complete cessation is one of the most effective ways to improve respiratory health. Benefits include reduced airway inflammation, improved lung function, fewer attacks, and restored responsiveness to inhaled preventer medication (Asthma + Lung UK, 2024). Clinicians should refer adolescents to dedicated youth smoking cessation programmes where appropriate (National Institute for Health and Care Excellence, 2024).
· Medication Adherence: Patients must take their preventer inhaler every day as prescribed, carry their reliever inhaler at all times, attend annual reviews, and have their inhaler technique checked regularly (British Thoracic Society, 2019). Poor adherence remains a primary driver of poorly controlled asthma in adolescents.
· Minimise Trigger Exposure: Patients should be supported to identify their specific triggers—such as second-hand smoke, air pollution, dust, or pet dander—and take practical steps to reduce contact (NHS, 2021).
· Regular Physical Activity: Exercise improves cardiovascular fitness and overall lung function (British Thoracic Society, 2019). Suitable activities include walking, swimming, cycling, and low-impact aerobics. Patients with exercise-induced asthma should use their reliever inhaler 15 minutes prior to activity if advised by their clinician (Global Initiative for Asthma, 2024).
· Healthy Diet: A balanced diet supports immune function and healthy weight management (Asthma + Lung UK, 2024). Patients should consume plenty of fruits, vegetables, whole grains, lean protein, and oily fish. Maintaining a healthy weight reduces the mechanical workload on the respiratory system (National Institute for Health and Care Excellence, 2024).
· Infection Prevention: Patients should receive an annual influenza vaccination, practice frequent hand washing, avoid close contact with individuals suffering from active respiratory viruses, and seek early medical advice if a cold moves into their chest (Global Initiative for Asthma, 2024).
· Mental Wellbeing: Stress and anxiety can act as direct triggers for bronchospasm (Asthma + Lung UK, 2024). Adolescents should be encouraged to practice relaxation techniques, maintain consistent sleep schedules, and seek emotional support if managing their chronic condition becomes overwhelming.
g) Conclusion
Asthma is a chronic inflammatory respiratory disease that requires lifelong, proactive management. Understanding the anatomy and physiology of the respiratory system enables patients to appreciate how their condition affects breathing and why specific treatments are necessary. Mechanical respiration draws oxygen into the lungs and expels carbon dioxide via gas exchange in the alveoli; however, asthmatic airway inflammation narrows these passages, increasing work of breathing and blunting gas exchange efficiency (Tortora and Derrickson, 2024; McCance et al., 2010).
Smoking, vaping, and respiratory infections significantly compound airway swelling and heighten the risk of severe attacks (Global Initiative for Asthma, 2024). By combining objective peak flow tracking with personal symptom diaries, adolescents can recognise the early warning signs of deterioration and take swift action. Ultimately, primary care nurses play an essential role in educating young people: empowering adolescents to master their inhaler technique, adhere to treatment plans, and adopt healthy lifestyle habits promotes greater self-efficacy and safeguards long-term respiratory health (British Thoracic Society, 2019; National Institute for Health and Care Excellence, 2024).
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