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Asthma in Adolescents: Respiratory Physiology, Lifestyle Factors and Monitoring

[bookmark: _Toc243249757]Introduction
Asthma is a chronic respiratory condition characterised by variable symptoms and expiratory airflow limitation. Common symptoms include wheezing, coughing, shortness of breath and chest tightness. Symptoms may be triggered or worsened by respiratory infections, allergens, air pollution, exercise and tobacco smoke (NICE, 2024). Asthma affects around 1 in 11 children in the UK, making it one of the most common long-term conditions in children and young people (Asthma + Lung UK, 2024).
The case study focuses on adolescents attending a fortnightly asthma clinic, where more serious exacerbations are occurring as patients become older. Smoking, vaping, crowded environments and respiratory infections may negatively affect asthma control. Respiratory viruses are an important trigger of asthma exacerbations, as infections can worsen airway inflammation and respiratory symptoms (Osur, 2002). Asthma is not one uniform disease, and individuals can experience different patterns of symptoms and inflammatory responses (Wenzel, 2012). Understanding respiratory anatomy and physiology is therefore important for explaining how these factors can affect breathing and increase the risk of exacerbations. Adolescence is also an important stage for developing self-management skills and taking greater responsibility for asthma care (Isik et al., 2023).
This report examines respiratory structure and mechanical respiration, gas exchange, the effects of airway inflammation and irritants, respiratory monitoring, and evidence-based lifestyle recommendations for adolescents.


[bookmark: _Toc243249758]Respiratory System Structure and Mechanical Respiration
The respiratory system is responsible for bringing oxygen into the body and removing carbon dioxide produced by cellular metabolism. As shown in Figure 1 below, the major structures include the nose and nasal cavity, pharynx, larynx, trachea, bronchi, bronchioles and lungs (Tortora and Derrickson, 2021). Within the lungs, the bronchi branch repeatedly into smaller bronchioles, which terminate in alveolar structures where gas exchange takes place (Betts et al., 2022).
The lungs are located within the thoracic cavity and are protected by the rib cage. They are surrounded by two layers of pleura, with a small amount of pleural fluid between them. This arrangement reduces friction and helps the lungs move with the thoracic wall during breathing (Hutchins et al., 2025). The diaphragm is the primary muscle involved in quiet inspiration, assisted by the external intercostal muscles (Betts et al., 2022).
Mechanical respiration, or ventilation, involves inspiration and expiration. During inspiration, the diaphragm contracts and moves downwards while the external intercostal muscles elevate the ribs. This increases the volume of the thoracic cavity (Hutchins et al., 2025). According to the pressure-volume relationship of the respiratory system, increasing thoracic volume reduces the pressure inside the lungs relative to atmospheric pressure. Air therefore flows into the lungs (Tortora and Derrickson, 2021).
During quiet expiration, the diaphragm and external intercostal muscles relax. The elastic recoil of the lungs and thoracic tissues decreases thoracic volume and increases intrapulmonary pressure. Air consequently flows out of the lungs. During forced expiration, additional muscles can be recruited to increase the pressure within the thoracic cavity and expel air more rapidly (Betts et al., 2022).
The conducting airways do not participate directly in gas exchange. Instead, they transport warm, humidify and filter inspired air. The trachea divides into the right and left main bronchi, which progressively branch into smaller bronchi and bronchioles. The walls of the larger airways contain cartilage that helps maintain airway structure, whereas the smaller bronchioles contain more smooth muscle as shown in Figure 1 below (Tortora and Derrickson, 2021).
This structure is important in asthma because airflow depends partly on the diameter of the conducting airways. A relatively small reduction in airway radius can substantially increase resistance to airflow. Therefore, inflammation, mucus and contraction of airway smooth muscle can make expiration particularly difficult for a person experiencing an asthma exacerbation (Barnes, 2008).
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Figure 1: Respiratory System (BBC Bitesize, 2019)
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Gas exchange occurs mainly within the alveoli. These microscopic air sacs provide a large surface area and are surrounded by an extensive network of pulmonary capillaries. The alveolar and capillary walls are extremely thin, allowing gases to move across them by diffusion as shown in Figure 2 below (Betts et al., 2022).
When air reaches the alveoli during inspiration, the concentration of oxygen in alveolar air is higher than the concentration of oxygen in the deoxygenated blood arriving at the pulmonary capillaries. Oxygen therefore diffuses across the respiratory membrane into the blood. Once in the blood, most oxygen binds reversibly to haemoglobin within red blood cells, allowing it to be transported to tissues throughout the body (Tortora and Derrickson, 2021).
Carbon dioxide follows the opposite partial pressure gradient. Blood arriving at the pulmonary capillaries has a higher partial pressure of carbon dioxide than the alveolar air, allowing carbon dioxide to diffuse into the alveoli and be removed during expiration as shown in Figure 2 below (West and Luks, 2021). Efficient gas exchange consequently depends on adequate ventilation, an appropriate partial pressure gradient and a sufficiently thin respiratory membrane, which allows gases to diffuse efficiently between the alveoli and pulmonary capillaries (Powers and Dhamoon, 2023).

In asthma, this process can become less effective because the airways become inflamed and narrowed. Asthma involves airway inflammation, bronchial hyper-responsiveness and variable airflow limitation. Inflammatory processes can cause swelling of the airway lining, increased mucus production and contraction of airway smooth muscle (Barnes, 2008). These changes reduce the diameter of the airway and increase resistance to airflow.
The effect is particularly important during expiration. Narrowed airways make it harder to move air out of the lungs and can produce wheezing, coughing and breathlessness (Barnes, 2008). If airflow is significantly restricted, less fresh air reaches the alveoli. Consequently, ventilation of some alveoli may become less effective, reducing the efficiency with which oxygen enters the blood and carbon dioxide is removed (West and Luks, 2021).
Asthma can therefore be understood through the relationship between anatomy and physiology. The bronchi and bronchioles provide the passages through which air travels, while the alveoli provide the site for gas exchange. Inflammation and narrowing of the smaller airways alter the normal mechanics of ventilation and can consequently interfere with effective gas exchange (Wenzel, 2012).
Respiratory infections are another important consideration. Viral respiratory infections, particularly rhinovirus infections, commonly precede asthma exacerbations and can increase airway inflammation and respiratory symptoms (Osur, 2002). For adolescents attending crowded indoor environments, exposure to infectious respiratory agents may therefore be relevant, although simply being in a crowded venue does not automatically cause an asthma attack.
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Figure 2: Alveolar gas exchange (BBC, 2024)

Smoking and vaping are also important because inhaled substances can expose already sensitive airways to irritants. NICE recommends asking adolescents with asthma about smoking and vaping and encouraging them to stop (NICE, 2024). A systematic review and meta-analysis found an association between e-cigarette use and asthma among adolescents, although an association does not by itself prove that vaping directly causes asthma (Li et al., 2022). This distinction is important when providing evidence-based health education.

[bookmark: _Toc243249760]Monitoring Respiratory Function and Using Data
Monitoring asthma is important because symptoms and airflow limitation can vary over time. At each asthma review, healthcare professionals should consider symptoms, inhaler use, absence from school or work, courses of oral corticosteroids and hospital or emergency department attendance (NICE, 2024). Oral corticosteroids reduce airway inflammation and may be prescribed for short periods during severe asthma exacerbations. Recording how often they are needed helps healthcare professionals identify episodes of worsening asthma and assess whether the current treatment plan requires review. These measures provide information about the individual's level of asthma control and risk of further exacerbations (Pinnock et al., 2017).

Peak expiratory flow (PEF) is one method of assessing how rapidly a person can force air out of the lungs. A peak flow meter provides a numerical measurement in litres per minute. The result can be compared with the individual's personal best or used as part of a personalised asthma action plan. Peak flow can also be used in certain circumstances to support asthma diagnosis (NHS website, 2017).
However, peak flow should not be presented as a measurement that every adolescent with asthma must perform every day. Current NICE guidance states that regular PEF monitoring should not routinely be used to assess asthma control unless there is a person-specific reason, such as inclusion in a personalised asthma action plan (NICE, 2024). This is an important consideration for the asthma clinic because monitoring should be appropriate to the individual rather than creating unnecessary demands.
For adolescents who do use peak flow monitoring, recording measurements can help identify changes in respiratory function. A reduction from an individual's normal or personal-best measurement may provide an early indication that airway narrowing is increasing (NHS, 2017). However, measurements should be interpreted alongside symptoms and the individual's action plan rather than considered in isolation.
Self-management is particularly important during adolescence. Adolescents are increasingly responsible for recognising symptoms, using inhalers correctly, avoiding personal triggers and seeking appropriate assistance. Research examining adolescent asthma-management measures highlights the importance of supporting young people as they develop greater responsibility for their condition (Isik et al., 2023). Supported self-management can improve asthma outcomes when education, monitoring and personalised action plans are combined (Pinnock et al., 2017).
Evidence also suggests that educational self-management interventions can be useful for children and adolescents. A Cochrane systematic review found evidence supporting school-based asthma self-management interventions, demonstrating the potential value of education and self-management support within young people's everyday environments (Harris et al., 2019).



[bookmark: _Toc243249761]Evidence-Based Lifestyle Recommendations
Lifestyle advice should be personalised and realistic because adolescents may have different social circumstances, behaviours and levels of independence (Isik et al., 2023). The objective should not simply be to tell adolescents what not to do, but to explain how particular behaviours affect the respiratory system and how they can reduce their risk of exacerbations. (Pinnock et al., 2017).
The first recommendation is to avoid smoking and vaping. Tobacco smoke contains numerous respiratory irritants that can increase airway inflammation (Barnes, 2008). Smoking can therefore worsen asthma control and contribute to respiratory symptoms. Current NICE guidance specifically identifies active and passive smoking and vaping as factors that should be considered when asthma is not well controlled (NICE, 2024). Adolescents who smoke should be offered appropriate support to stop, while those who vape should be encouraged to stop vaping. NHS guidance also states that vaping is not recommended for young people under 18 because it is not harmless (NHS, 2026).
Second, adolescents should be supported to recognise and reduce exposure to individual asthma triggers. These may include tobacco smoke, air pollution, allergens and respiratory infections (NICE, 2024). The case study identifies crowded social environments such as bars and clubs. The relevant issue is not that these places are automatically harmful, but that crowded indoor environments can expose individuals to smoke, vaping aerosols, poor air quality or respiratory infections depending on the setting (Osur, 2002; Li et al., 2022). Adolescents should therefore learn to recognise situations in which their symptoms worsen and discuss these patterns with healthcare professionals (Isik et al., 2023).
Third, adolescents should be encouraged to remain physically active rather than avoiding exercise because of asthma. Physical activity is important for general physical and psychological health. Research has found that children and adolescents with asthma may have lower levels of physical activity compared with peers, highlighting the importance of encouraging appropriate physical activity (Vasconcello-Castillo et al., 2021). Evidence also suggests that physical activity and exercise programmes can provide benefits for exercise capacity, quality of life and some measures of respiratory function in children with asthma (Kuder, 2021; Liu et al., 2021). Activity should therefore be encouraged alongside appropriate asthma management. If exercise consistently causes symptoms, the adolescent should discuss this with their healthcare professional rather than stopping physical activity altogether.
Fourth, adolescents should be supported to understand their asthma action plan and medication routine. Adolescence can involve increased independence, changes in school or college environments and concern about using inhalers in front of peers (Isik et al., 2023). Healthcare professionals should therefore discuss practical barriers, including difficulties using inhalers in public or social situations (Pinnock et al., 2017). NICE recommends a documented personalised asthma action plan and education as part of asthma self-management (NICE, 2024).
Finally, respiratory infections should be taken seriously because they can precipitate asthma exacerbations (Osur, 2002). Adolescents should understand the importance of recognising changes in symptoms and following their personalised action plan when asthma control deteriorates (NICE, 2024). Good communication between the young person, family where appropriate, school or college and healthcare professionals can help ensure that asthma management continues as the adolescent becomes more independent (Pinnock et al., 2017).

[bookmark: _Toc243249762]Conclusion
Asthma is a chronic respiratory condition in which variable airway inflammation and narrowing can interfere with normal ventilation. Understanding the respiratory system demonstrates why airway inflammation, mucus production and bronchoconstriction can produce wheezing, coughing and breathlessness. Normal gas exchange depends on oxygen diffusing from the alveoli into pulmonary capillary blood and carbon dioxide diffusing in the opposite direction. When asthma causes significant airway narrowing, ventilation can become less effective and the delivery and removal of respiratory gases may be affected.
For adolescents, lifestyle factors are particularly important because increasing independence can introduce new exposures and responsibilities. Smoking and vaping should be avoided, while exposure to relevant environmental triggers and respiratory infections should be considered. At the same time, adolescents should not be unnecessarily restricted from physical activity. Instead, they should be supported to participate safely while maintaining effective asthma management.
Monitoring should combine symptoms, healthcare use and, where clinically appropriate, objective measurements such as peak expiratory flow. Regular peak-flow monitoring is not required for every person with asthma, highlighting the importance of personalised rather than routine approaches. Ultimately, effective adolescent asthma care depends on understanding the relationship between respiratory anatomy, physiological function, lifestyle and self-management. Education, personalised action plans and regular clinical review can help young people recognise changes in their condition and participate more effectively in their own care.
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