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Understanding Asthma in Adolescents: Respiratory Physiology, Impact of Irritants and the Importance of Self-Monitoring
Introduction
Asthma is a chronic inflammatory disorder of the airways characterised by variable airflow obstruction, bronchial hyperresponsiveness, and recurrent symptoms including wheeze, breathlessness, chest tightness and cough (GINA, 2023). It is one of the most common long-term conditions affecting adolescents in the United Kingdom, with approximately one in every eleven young people diagnosed (Murray et al., 2024). While many individuals diagnosed in childhood achieve reasonable symptom control, adolescence is frequently associated with poorer asthma outcomes. This decline is often linked to behavioral and lifestyle changes such as smoking, vaping, reduced adherence to medication, and increased exposure to respiratory infections.
Asthma involves chronic airway inflammation driven by immune mechanisms, including mast cell activation, eosinophilic infiltration and cytokine release (Lambrecht & Hammad, 2015). These processes cause bronchoconstriction, mucosal oedema, and increased mucus production, leading to airway narrowing. Risk factors for asthma include genetic predisposition, exposure to allergens, environmental pollution, viral respiratory infections, and tobacco smoke exposure (NICE, 2022). In adolescents specifically, modifiable lifestyle behaviors significantly contribute to exacerbations and reduced asthma control (Li et al., 2022; Hussain et al., 2024).
In a primary care asthma clinic setting, it is evident that many adolescents lack a comprehensive understanding of respiratory function and how lifestyle factors influence their condition. Education grounded in respiratory physiology and evidence-based lifestyle modification may empower young people to engage more effectively with their care plans and achieve better health outcomes.


Structure of the Respiratory System and Mechanical Respiration
The respiratory system is divided anatomically into upper and lower airways. The upper tract includes the nasal cavity, pharynx and larynx that filter, warm and humidify inhaled air. The lower tract consists of the trachea, bronchi, bronchioles, and alveoli within the lungs.
The trachea bifurcates into right and left main bronchi, which branch repeatedly into smaller bronchi and bronchioles, forming the bronchial tree. The smallest bronchioles terminate in clusters of alveoli microscopic air sacs surrounded by dense capillary networks that provide a large surface area for gas exchange (Tortora & Derrickson, 2017).
Mechanical respiration, also known as ventilation, refers to the movement of air into and out of the lungs. This process depends on pressure gradients created by changes in thoracic volume.
During inspiration:
· The diaphragm contracts and moves downward.
· The external intercostal muscles raise the ribs.
· Thoracic volume increases.
· Intrapulmonary pressure falls below atmospheric pressure.
· Air flows into the lungs.
During expiration (normally passive):
· The diaphragm relaxes.
· Thoracic volume decreases.
· Intrapulmonary pressure rises.
· The air is expelled.
In asthma, airway inflammation and bronchoconstriction narrow airways due to smooth muscle contraction, mucosal swelling, and mucus hypersecretion. This increases airway resistance, particularly during expiration, as smaller airways collapse more easily (Usmani & Levy, 2023). The increased work of breathing contributes to air trapping and hyperinflation, often experienced by adolescents during exacerbations.
Repeated inflammatory episodes may lead to airway remodeling, including thickening of basement membranes and smooth muscle hypertrophy, resulting in partially irreversible airflow limitation if asthma remains poorly controlled (Lambrecht & Hammad, 2015).

Gas Exchange in the Lungs
Gas exchange occurs in the alveoli through diffusion across the alveolar-capillary membrane. Oxygen in inhaled air has a higher partial pressure in the alveoli than in deoxygenated pulmonary capillary blood. Oxygen therefore diffuses into the bloodstream and binds to hemoglobin in red blood cells. Carbon dioxide, a metabolic waste product, diffuses in the opposite direction due to its higher concentration in venous blood (West, 2018).
Efficient gas exchange depends on adequate ventilation, an intact alveolar surface area, a thin diffusion membrane, and good perfusion. In asthma, bronchoconstriction and mucus plugging reduce ventilation to certain alveoli, creating ventilation-perfusion mismatch. As a result, oxygen uptake may decrease, particularly in severe exacerbations leading to hypoxemia and distress (GINA, 2023).
Understanding this physiological process can help adolescents recognise why medications like inhaled corticosteroids (which reduce inflammation) and bronchodilators (which relax airway smooth muscle) are central to maintaining respiratory function.
Impact of Irritants on Airway Inflammation and Respiratory Function
Smoking
Cigarette smoke contains over 7,000 chemicals, many of which promote inflammation, oxidative stress, and ciliary damage. Smoking increases susceptibility to infection, airway remodeling, and functional decline (Thomson, Polosa & Sin, 2022). In individuals with asthma, smoking increases airway inflammation, decreases responsiveness to corticosteroids, and accelerates decline in lung function (Murray et al., 2024). Smoking adolescents have higher exacerbation rates and more frequent hospital admissions compared with non‑smokers with asthma.
Recent epidemiological data show that adolescent smoking, although declining overall, still affects around 12% of young people in the UK, with higher prevalence in socioeconomically deprived communities (ONS, 2023). Studies demonstrate that adolescents who smoke have a 30–50% higher risk of persistent wheeze and a two‑fold increase in severe asthma attacks compared with non‑smokers (Jackson et al., 2022). Longitudinal lung‑function tracking also shows that early smoking exposure reduces peak lung growth, leading to lower FEV1 values in adulthood and increasing the risk of chronic obstructive pulmonary disease (COPD) later in life (Lopez et al., 2021). These findings highlight the long‑term consequences of smoking during critical developmental periods.
Vaping
Although often perceived as safer, e‑cigarettes produce aerosols containing nicotine, ultrafine particles, and flavoring agents that irritate airway tissues. Meta‑analyses show that e‑cigarette use is associated with increased odds of asthma and respiratory symptoms in adolescents (Li et al., 2022). Recent longitudinal research also suggests that adolescents who vape report more respiratory symptoms and greater interference with daily activities than non‑vapers, even after controlling smoking history (Hussain et al., 2024). This evidence challenges the belief that vaping is a benign alternative and supports strong health messaging against e‑cigarette use in young people.
Current UK data indicate that 20.5% of 11–17‑year‑olds have tried vaping, with 7.6% reporting regular use (ASH, 2024). Alarmingly, disposable vapes which often contain high nicotine concentrations are the most used products among adolescents. Experimental studies show that exposure to vape aerosols increases airway epithelial permeability, reduces mucociliary clearance, and elevates inflammatory markers such as IL‑6 and TNF‑α (Chen et al., 2023). These biological effects mirror early pathological changes seen in smokers, suggesting that vaping may contribute to long‑term respiratory vulnerability.

Respiratory Infections
Viral respiratory infections are common triggers of asthma exacerbations. Viral replication and immune activation increase cytokine release, mucosal swelling, and mucus production, narrowing the airway lumen. This reduces airflow and increases the work of breathing. Adolescents attending crowded social environments are at heightened risk of acquiring infections, which may precipitate severe asthma episodes requiring urgent care (Smith et al., 2024). Prevention strategies, including annual influenza vaccination and improved hygiene practices, are therefore essential.
Recent surveillance data show that respiratory viruses such as RSV, rhinovirus, and influenza account for up to 80% of asthma‑related emergency admissions in young people (NHS Digital, 2023). Post‑pandemic behavioral changes including reduced natural immunity due to lockdowns have contributed to unusually high infection rates in adolescents, further increasing the burden of respiratory illness (Green et al., 2023). These trends emphasis the importance of early recognition and management of viral symptoms in young people with pre‑existing respiratory conditions.
Wider Impact of Irritants on Adolescent Respiratory Health
Beyond smoking, vaping, and infections, adolescents are exposed to a range of environmental irritants that contribute to airway inflammation. Indoor pollutants such as mold spores, dust mites, and volatile organic compounds (VOCs) from cleaning products can exacerbate asthma symptoms. Outdoor air pollution particularly nitrogen dioxide (NO₂) and particulate matter (PM2.5) has been strongly linked to reduced lung growth and increased respiratory morbidity. A large UK cohort study found that adolescents living in high‑pollution areas had 8% lower lung function growth over five years compared with peers in cleaner environments (Davies et al., 2022). These irritants act cumulatively, meaning that adolescents exposed to multiple triggers experience more severe and frequent respiratory symptoms.
Public Health Implications
The rising prevalence of vaping, persistent smoking rates in disadvantaged groups, and increasing viral infection pressures create a significant public health challenge. Schools, healthcare providers, and community organisations play a crucial role in delivering targeted education, early intervention, and accessible support services. Evidence‑based smoking cessation programmes, youth‑focused vaping prevention campaigns, and improved vaccination uptake are essential components of a comprehensive respiratory health strategy.
Irritants such as cigarette smoke, e‑cigarette aerosols, and respiratory viruses significantly impact airway inflammation and respiratory function in adolescents. Recent evidence demonstrates that these exposures contribute to increased asthma exacerbations, reduced lung growth, and long‑term respiratory vulnerability. Strengthening prevention strategies and addressing environmental and behavioral risk factors are vital to improving adolescent respiratory health outcomes.
Importance of Recording and Tracking Respiratory Function
Peak expiratory flow (PEF) measurement provides a practical, quantitative assessment of airway obstruction. Patients typically establish a personal best reading and use this baseline to interpret daily measurements. Declining readings may signal loss of control before symptoms become severe.
Daily peak flow monitoring enables adolescents to recognise early deterioration, adjust treatment according to individualised asthma action plans, and seek healthcare support when necessary (NICE, 2022). Evidence shows that self-monitoring with feedback improves adherence and fosters confidence in managing asthma (Smith et al., 2024). However, research also highlights challenges with sustained engagement, particularly in adolescents, where motivation fluctuates. Incorporating digital reminders and nurse-led reviews has been shown to improve consistency and outcomes (Nguyen et al., 2023).
Regular tracking also facilitates identification of personal triggers such as pollen exposure, smoke, infection or exercise and supports tailored lifestyle adjustments.

Evidence-Based Lifestyle Recommendations
1. Smoking cessation: Smoking exacerbates airway inflammation and reduces treatment effectiveness (Thomson, Polosa & Sin, 2022). Smoking cessation support should be offered in primary care settings.
2. Avoidance of vaping: Emerging evidence associates e-cigarette use with adverse respiratory outcomes; adolescents should be advised against vaping (Li et al., 2022; Hussain et al., 2024).
3. Medication adherence: Consistent use of prescribed inhaled corticosteroids prevents chronic inflammation and reduces exacerbation risk (GINA, 2023).
4. Correct inhaler technique: Regular review ensures optimal medication delivery and reduces wastage.
5. Vaccination: Annual influenza vaccination and appropriate pneumococcal and COVID-19 immunisation reduce infection-related exacerbations, with benefits shown in recent cohort studies (O’Connor et al., 2023).
6. Healthy lifestyle behaviors: Adequate sleep, balanced nutrition, and regular physical activity improve overall well-being and reduce the impact of asthma on daily life.
These recommendations provide an evidence-based framework that nurses can discuss at clinic appointments to support behavioral change in adolescents.
Conclusion
Asthma is a chronic inflammatory airway disease that requires active engagement and self-management, particularly in adolescence when behavioral factors can negatively impact disease control. Understanding respiratory anatomy, ventilation, and gas exchange provides a physiological context for why asthma symptoms occur and why medications matter. Exposure to irritants such as tobacco smoke and vaping aerosols promotes airway inflammation and increases exacerbation risk. Respiratory infections, especially in crowded environments, further challenge symptom control.
Regular peak flow monitoring empowers adolescents to detect early loss of control and adjust management accordingly. Evidence-based lifestyle recommendations including smoking cessation, avoidance of vaping, vaccination and adherence to medication can significantly improve asthma outcomes.
Primary care nurses play a key role in delivering education, reinforcing self-monitoring practices, and facilitating behavior change. Through comprehensive education and supportive care, adolescents can achieve better asthma control and reduce future health risks.
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