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[bookmark: _Toc235887957]1. Introduction
This report examines a case study in which a practice nurse has been assigned to work in a GP surgery experiencing an increase in adolescents and teenagers attending asthma clinics because of frequent and severe asthma related issues. Many of these young people have started smoking or vaping, while increased exposure to respiratory irritants in social settings may be worsening their symptoms. The report explains how asthma affects the respiratory system, identifies the main risk factors for developing the condition, and discusses the importance of education and self-management for adolescents.
1a. Definition and pathophysiology of asthma
Asthma is a chronic inflammatory condition that affects the airways, causing narrowing that makes it more difficult for air to move into and out of the lungs. Common symptoms include wheezing, coughing, chest tightness and shortness of breath (NICE, 2023). During an asthma exacerbation, the airway lining becomes inflamed and swollen, the surrounding muscles tighten, causing bronchoconstriction, and excess mucus is produced. Together, these changes narrow the airways and restrict airflow, making breathing, particularly exhalation, more difficult (Asthma + Lung UK, 2024).[image: Normal versus asthmatic bronchiole: MedlinePlus Medical Encyclopedia Image]
Figure 1: Comparison of a healthy airway and an airway affected by asthma during an exacerbation. Source: MedlinePlus (2026).
Figure 1 illustrates how inflammation, bronchoconstriction and excess mucus reduce the space available for airflow.
1b. Risk factors for developing asthma
Several factors can increase the likelihood of developing asthma. These include a genetic predisposition or family history of the condition and atopy, which refers to a tendency to develop allergic conditions such as eczema or hay fever. Exposure to cigarette smoke or vaping aerosols, particularly during childhood, may also increase the risk. Other recognised factors include air pollution, childhood respiratory infections and occupational exposure to substances such as dust, chemicals or fumes (NICE, 2023; Asthma + Lung UK, 2024).
1c. Education and self-management in adolescents
Education and self-management are especially important for teenagers and adolescents because they may use their inhalers incorrectly or inconsistently as well as failing to recognise early signs of their asthma becoming worse. In the case study, smoking, vaping and exposure to respiratory irritants in social settings may be contributing to more frequent and severe exacerbations. Supporting adolescents to understand these risks, use their inhalers correctly, follow a personalised asthma action plan and avoid known triggers can improve engagement with treatment, reduce exacerbations and support long-term asthma control (Asthma + Lung UK, 2024).
[bookmark: _Toc235887958]2. The Structure of the Respiratory System and Mechanical Respiration
2a: Structure of the respiratory system
The respiratory system consists of the upper and lower respiratory tracts, which work together to move air into and out of the lungs, supply oxygen to the body and remove carbon dioxide from the blood. Air enters through either the nose or mouth. When entering through the nose, it passes through the nasal cavity, where it is filtered, warmed and humidified. The nasal and oral passages meet at the pharynx, which is a shared passageway for air and food. Air then passes through the larynx, which contains the vocal cords, while the epiglottis helps prevent food from entering the trachea during swallowing (Waugh and Grant, 2022).
The trachea is supported by C-shaped cartilage rings that prevent it from collapsing. It divides into the right and left primary bronchi, which enter the lungs and branch into smaller bronchi and bronchioles. The bronchioles terminate in microscopic air sacs called alveoli, where gas exchange occurs with the surrounding capillaries (Tortora and Derrickson, 2021).
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Figure 2: Structure of the human respiratory system displaying the main airways and lungs. Source: Betts et al. (2022).

Figure 2 illustrates the anatomical pathway followed by air from the nasal cavity to the alveoli.
2b: Mechanical respiration (Breathing In)
During inhalation, the diaphragm contracts and flattens, moving downward, while the external intercostal muscles contract and lift the ribcage upward and outward. Intercostal muscles are groups of muscles situated in the area between the ribs. These coordinated actions increase the volume of the thoracic cavity, causing intrapulmonary pressure to fall below atmospheric pressure. Air then moves down the pressure gradient and into the lungs (Waugh and Grant, 2022).
2c: Exhalation (Breathing Out)
Normal exhalation occurs when the diaphragm and external intercostal muscles relax. The diaphragm returns to its dome-shaped position, while the ribcage moves downward and inward. Elastic recoil of the lungs and chest wall reduces the volume of the thoracic cavity, causing intrapulmonary pressure to rise above atmospheric pressure and air to flow out of the lungs. Intrapulmonary pressure (also called alveolar pressure) is the pressure of the air inside the alveoli (air sacs) of the lungs. It changes during the breathing cycle, rising and falling to help move air in and out of the body.
As no active muscle contraction is normally required, quiet exhalation is considered a passive process (Tortora and Derrickson, 2021).
During forced exhalation, such as during vigorous exercise or an asthma exacerbation, the internal intercostal and abdominal muscles contract. This further reduces thoracic volume, increases pressure and forces air out more rapidly (Waugh and Grant, 2022).
In asthma, inflammation, bronchoconstriction and excess mucus narrow the bronchioles and increase resistance to airflow. This makes exhalation more difficult and can trap air within the lungs, contributing to wheezing, breathlessness and chest tightness.
[bookmark: _Toc235887959]3. Gas Exchange in the Lungs
3a: What is gas exchange and where does it occur?
Gas exchange is the process by which oxygen moves from the air in the lungs into the bloodstream, while carbon dioxide moves from the blood into the lungs to be exhaled. It occurs in the alveoli, which are microscopic air sacs located at the ends of the bronchioles. The alveoli are well adapted for gas exchange because they have thin, moist walls, a large surface area and an extensive capillary network that provides a good blood supply (Waugh and Grant, 2022).
3b: How does oxygen move into the bloodstream?
Oxygen enters the bloodstream by diffusion. Following inhalation, the concentration of oxygen in the alveoli is higher than in the deoxygenated blood flowing through the surrounding capillaries. Oxygen therefore diffuses across the thin alveolar-capillary membrane into the blood, where it binds to haemoglobin in red blood cells to form oxyhaemoglobin. The oxygenated blood is then transported around the body, supplying cells with the oxygen required for cellular respiration (Marieb and Hoehn, 2023).
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Figure 3: Gas exchange at the alveolar-capillary membrane. Source: Betts et al. (2022).





Figure 3 illustrates how oxygen diffusing from the alveoli into the surrounding capillaries, while carbon dioxide diffuses from the blood into the alveoli before being removed during exhalation.
3c: How does carbon dioxide move into the alveoli?
Carbon dioxide is produced by cells as a waste product of cellular respiration and is transported in the blood to the lungs. Its concentration is higher in the blood flowing through the pulmonary capillaries than in the alveolar air. Carbon dioxide therefore diffuses across the alveolar-capillary membrane into the alveoli before being removed during exhalation (Waugh and Grant, 2022).
In asthma, inflammation, bronchoconstriction and excess mucus narrow the airways and reduce airflow to and from the alveoli. This can make ventilation less efficient and disrupt gas exchange. During a severe exacerbation, reduced alveolar ventilation may lower oxygen levels in the blood and impair the removal of carbon dioxide, contributing to severe breathlessness and respiratory distress.
[bookmark: _Toc235887960]4. How Irritants Cause Inflammation and Affect Breathing
4a: How do cigarette smoke and vaping trigger inflammation in the airways?
When cigarette smoke or vaping aerosols are inhaled, their chemical components irritate the airway lining and activate immune cells, including mast cells. These cells release inflammatory mediators such as histamine and cytokines, which increase vascular permeability and cause fluid to enter the airway tissues, producing inflammation and swelling. At the same time, the smooth muscles surrounding the bronchi contract, causing bronchoconstriction, while mucus production increases (Tortora and Derrickson, 2021). Together, airway swelling, muscle tightening and excess mucus narrow the airway lumen, increase resistance to airflow and make breathing more difficult (Waugh and Grant, 2022).

4b: What is the impact of smoking and vaping on asthma?
Cigarette smoke and vaping aerosols contain substances that irritate the airway lining and worsen existing inflammation. Cigarette smoke can damage cilia, while vaping aerosols may impair their function. Cilia normally move mucus and trapped particles towards the throat so that they can be removed from the respiratory tract. When this clearance mechanism is impaired, mucus, pollutants and microorganisms can accumulate within the airways (Marieb and Hoehn, 2023).
Smoking and vaping may also increase the production of thick mucus and expose the airways to further chemical irritation, increasing airflow obstruction and making asthma more difficult to control. In the case study, adolescents who begin smoking or vaping may therefore experience worsening symptoms and more frequent or severe asthma exacerbations.
4c: How do respiratory infections worsen asthma?
Respiratory infections, including the common cold and influenza, are recognised triggers of asthma exacerbations. These infections can disrupt the airway epithelium and increase inflammatory signalling, causing further swelling, mucus production and bronchial hyperresponsiveness. Because individuals with asthma already have inflamed and highly reactive airways, even a relatively mild infection may produce substantial airway narrowing and trigger a severe exacerbation (Busse, Lemanske and Gern, 2010; Kim, 2022).
In the case study, adolescents who regularly attend crowded settings such as bars and clubs may have greater exposure to respiratory infections. This may contribute to more frequent exacerbations and an increased need for GP assessment or hospital treatment.
[bookmark: _Toc235887961]5. Recording and Tracking Respiratory Function
5a: Recording peak expiratory flow rate (PEFR)
Peak expiratory flow rate (PEFR) is the maximum speed at which a person can forcibly exhale after taking a full breath and is measured in litres per minute. It is assessed using a small portable peak flow meter and can indicate changes in airway narrowing (NICE, 2023). To obtain a reading, the individual should sit or stand upright, inhale fully, seal their lips around the mouthpiece and exhale as hard and quickly as possible. The procedure is repeated three times, and the highest reading is recorded.
Regular measurements are more useful than a single reading because they allow results to be compared over time and against the individual’s personal best. A downward trend may provide an early warning of worsening asthma before severe symptoms develop, allowing the adolescent to follow the appropriate steps in their asthma action plan.
5b: Importance of monitoring respiratory function
Recording PEFR alongside symptoms, medication use and exposure to possible triggers enables adolescents and their healthcare team to identify changes over time. Regular monitoring can establish the individual’s personal-best reading and reveal a gradual decline in respiratory function before severe symptoms appear. Patterns may also connect reduced readings with exercise, respiratory infections, tobacco smoke, vaping, cold weather or environmental allergens.
These records provide objective evidence that can support clinical decisions, including reviewing inhaler technique, adherence and the effectiveness of prescribed treatment. Many personalised asthma action plans use green, amber and red zones to indicate good control, deterioration or the need for urgent medical assistance. Any medication changes should be made according to the written action plan or professional advice. For the adolescents in the case study, tracking PEFR may improve recognition of smoking-, vaping- or infection-related deterioration, allow the earlier action and reduce the risk of a severe exacerbation (BTS/SIGN, 2019).
[bookmark: _Toc235887962]6. Evidence-Based Lifestyle Recommendations
6a: Smoking and vaping cessation
Smoking and vaping cessation should be prioritised for adolescents with asthma because both can irritate the airways, worsen inflammation and make symptoms more difficult to control. Tobacco smoke contains harmful chemicals that damage the respiratory epithelium, impair ciliary function and increase mucus production. E-cigarette aerosols may also irritate the airways and trigger bronchospasm. Although some adolescents may perceive vaping as a safer alternative to smoking, substances within e-cigarette aerosols, including propylene glycol and flavouring chemicals, may contribute to airway irritation and bronchial hyperresponsiveness (Park, Crotty Alexander and Christiani, 2022).
Practice nurses should provide evidence-based, supportive and non-judgemental cessation advice. Rather than only instructing adolescents to stop smoking or vaping, the nurse should explain how these behaviours may worsen asthma and contribute to more frequent exacerbations. Appropriate support may include referral to NHS Stop Smoking Services, behavioural interventions and, where clinically suitable, treatments such as nicotine replacement therapy or varenicline in accordance with prescribing guidance (National Institute for Health and Care Excellence, 2021; British Thoracic Society and National Institute for Health and Care Excellence, 2024). This approach may improve cessation success and support better long-term asthma control.
6b: Improving asthma control through self-management
Adolescents should take asthma medication according to their prescribed regimen and personalised asthma action plan, even when symptoms appear controlled. During regular reviews, healthcare professionals should assess adherence, inhaler technique and the correct use of spacer devices where required, as poor technique may reduce the amount of medication reaching the lungs.
Exposure to known triggers should also be reduced. For the adolescents in the case study, this may include avoiding cigarette smoke, vaping aerosols and poorly ventilated social environments where these substances are present. Monitoring air-quality and pollen forecasts may help individuals limit exposure when levels are high (Asthma + Lung UK, 2024).
Appropriate physical activity should be encouraged because it supports cardiovascular health and general wellbeing. Where exercise triggers symptoms, treatment should be reviewed and any pre-exercise medication used only as prescribed. Annual influenza vaccination should also be encouraged because respiratory infections can trigger asthma exacerbations (GINA, 2024). Together, treatment adherence, trigger avoidance, vaccination and appropriate exercise can support better asthma control and reduce the risk of serious exacerbations.
[bookmark: _Toc235887963]7. Conclusion
[bookmark: _Toc235203864]This report has examined the physiology of asthma and the importance of evidence-based management for adolescents. The respiratory structures work together to conduct air to the alveoli, while contraction and relaxation of the diaphragm and intercostal muscles create the pressure changes required for inhalation and exhalation. At the alveoli, oxygen and carbon dioxide move between the lungs and bloodstream by diffusion. In asthma, airway inflammation, bronchoconstriction and excess mucus restrict airflow, make exhalation more difficult and may reduce the efficiency of gas exchange. Smoking, vaping and respiratory infections can further irritate these sensitive airways and increase the risk of exacerbations.
Regular peak-flow monitoring is not required for every person with asthma but may be valuable where it forms part of an individualised asthma action plan or where there are specific clinical reasons for its use. Correct inhaler use, adherence to prescribed treatment, smoking and vaping cessation, trigger avoidance, vaccination and appropriate exercise can support improved asthma control. Effective education enables adolescents to understand their condition, participate confidently in self-management and reduce the likelihood of severe exacerbations and hospital admission.
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