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Asthma is a long-term inflammatory condition of the airways that is associated with recurring symptoms of wheezing, shortness of breath, chest tightness and coughing (Global Initiative for Asthma, 2023). These symptoms are caused by bronchospasm (narrowing of the bronchioles by contraction of the smooth muscle wall); swelling of the lining of the bronchioles; and the production of more mucus, which further narrows the bronchioles and reduces the flow of air (Asthma + Lung UK, 2023). At present there are 5.4 million people in the UK receiving treatment for their asthma, and young people are especially vulnerable when they make the transition from childhood to adult life (Asthma + Lung UK, 2023).
Asthma risk factors are multifactorial, between the genetic and environmental factors. Family history of atopy - eczema and allergic rhinitis - has a significant role in making an individual susceptible (Barnes, 2008). The environment triggers include allergens including house dust mites, animal dander, mould and pollen (NICE, 2017). Lifestyle factors are equally important, especially in adolescents: exposure to tobacco smoke (including second-hand smoke), vaping aerosols and air pollutants have been seen to trigger and exacerbate the condition (McNeill et al., 2022). Frequent causes of acute exacerbations in this age group are respiratory tract infections, such as influenza and rhinovirus (Johnston et al., 1995).
The purpose of this report is to help adolescent asthma patients understand what the respiratory system is, the physiology of asthma, why it is important to keep track of respiratory function and ways to make lifestyle changes that decreases exacerbations and enhances the quality of life.
[bookmark: _Toc232291866]Section 1: Structure of the Respiratory System and Mechanical Respiration
The respiratory system has been divided into upper and lower respiratory tract (Waugh and Grant, 2022). The upper tract - which is the nasal cavity, pharynx, and larynx - filters, warms and humidifies air inhaled, and it passes to the lungs. The lower tract consists of the wind pipe (trachea), wind pipes (bronchi), smallest wind pipes (bronchioles) and the atom sized air bags (alveoli) which are the functional units of gas exchange.
The carina is where the trachea splits into the right and left primary bronchi that in their turn lead to the secondary and tertiary bronchi, and then to smaller and smaller bronchioles. Bronchioles do not have cartilage, unlike bronchi and are habitually enclosed by smooth muscle, which is especially prone to spasm (Marieb and Hoehn, 2019). Bronchial endings give way to the alveoli - thin-walled tubes with type I pneumocytes, which are capable of diffusion of gases, and type II pneumocytes producing surfactant: a phospholipid molecule that decreases the surface tension and prevents the alveolar collapse (Tortora and Derrickson, 2017). This is shown in the structure pathway below (Figure 1).
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Figure 1: Structural Organisation of the Respiratory System 
Adapted from Waugh and Grant (2022) & Marieb and Hoehn (2019)
There are two phases of mechanical respiration. When inhaling, the diaphragm muscle lowers and flattens out and the external intercostal muscles lift the ribcage, which creates a greater space in the thoracic cavity that decreases the intrapulmonary pressure below the atmospheric pressure and air rushes into the lungs (Waugh and Grant, 2022). These muscles relax during quiet exhalation, and the passive increase in intrapulmonary pressure as a result of the elastic recoil of lung tissue expels air. Forced exhalation - like during an asthma attack - also involves the internal intercostals and abdominal muscles (Marieb and Hoehn, 2019).
[bookmark: _Toc232291867]Section 2: Gas Exchange in the Lungs
The alveoli are the site of gas exchange by diffusion down the partial pressure gradient (Tortora and Derrickson, 2017). Alveolar epithelia, thin interstitial layer, and capillary endothelium make up the respiratory membrane, which is roughly 0.5 micrometres thick; this allows rapid diffusion to occur between the alveolar air and the blood with an estimated surface area of 70m2 in healthy adult (Marieb and Hoehn, 2019). This is a two-way process as shown in figure 2.
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Figure 2 - Gas Exchange in the Alveolar-Capillary Membrane
Adapted from Tortora and Derrickson, 2017; Marieb and Hoehn, 2019)
The blood reaching the pulmonary capillaries is deoxygenated and thus, the partial pressure of oxygen (pO 2 ) in it is low and the partial pressure of carbon dioxide (pCO 2 ) is high. Alveolar air will have a relatively high pO2, so oxygen will diffuse from alveolus into the blood in the capillaries and bind to haemoglobin in the erythrocytes to form oxyhaemoglobin which can then be carried to the body tissues (Waugh and Grant, 2022). On the other side, the carbon dioxide that is present in the blood in the capillaries more than in the alveoli air diffuses to the alveoli and is eliminated during breathing (Tortora and Derrickson, 2017). Airway obstruction in asthma patients affects ventilation-perfusion matching, which disrupts the exchange and leads to the low blood oxygen levels experienced during an exacerbation.
[bookmark: _Toc232291868]Section 3: Pathophysiology of Asthma — Irritants, Inflammation, and Impact on Respiration
Exposure of the airways to a trigger (such as allergens, cold air, Tobacco smoke and viral infections) triggers an inflammatory response in susceptible people (NICE, 2017). Airway mucosa mast cells and dendritic cells become aware of the irritant and activate T-helper 2 (Th2) lymphocytes stimulating the production of immunoglobulin E (IgE) antibodies by B cells (Barnes, 2008). When the person is re-exposed to the same trigger, the IgE coated mast cells degranulate to release histamine, leukotrienes and prostaglandins. This cascade, and what it means for the airway is summarised in figure 3.
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 Figure 3: Pathophysiology Cascade of Asthma - Trigger to Symptoms.
Adapted from Barnes, 2008; Global Initiative for Asthma, 2023
The three main effects of these chemical mediators are: Bronchospasm causes narrowing of the bronchiolar lumen and subsequent increase in airflow resistance; Oedema of the bronchiolar wall further reducing the lumen diameter; and Goblet cell hypertrophy causes increased mucous secretion, which to some extent blocks the lumen and hinders mucociliary clearance (Global Initiative for Asthma, 2023; Tortora and Derrickson, 2017). Together, these processes lead to a decreased expiratory flow, trapping of air and ventilation-perfusion mismatch - leading to the characteristic symptoms of wheeze, cough, dyspnoea, and also chest tightness (Barnes, 2008).
These processes are greatly compounded by smoking and vaping. More than 7,000 chemicals are present in tobacco smoke, most of which are powerful respiratory irritants (McNeill et al., 2022). The stimulation of mast cell degranulation and increase in mucous production is caused by nicotine, while acrolein and other aldehyde components damage the ciliated epithelium resulting in increased contact between the mucous and the allergens (McNeill et al., 2022). While e-cigarettes contain less of the toxins that are definitively known to cause cancer, the aerosols from e-cigarettes do contain ultrafine particles, diacetyl, and flavouring chemicals that still cause oxidative stress, cytokine release, and airway inflammation (Bhatta and Glantz, 2020). The research has also revealed poor respiratory health in adolescents who vape, and it resembles obstructive airway disease (Bhatta and Glantz, 2020).
In adolescents, respiratory infections, mainly due to rhinovirus and influenza, are by far the most important cause of acute exacerbation of asthma (Johnston et al., 1995). Viruses multiply in the airway epithelial cells and stimulate a larger than normal innate immune response which greatly increases the inflammatory environment in asthmatic airways and can lead to hospitalizations. Going to a crowded place like a bar and clubs presents high chances of virus transmission, which is directly associated with the changed social behaviours of the adolescents directly related to the deterioration of asthma control.
[bookmark: _Toc232291869]Section 4: Monitoring and Tracking Respiratory Function - The Peak Flow.
Monitoring should be key to good asthma self-management and involve regular monitoring of peak expiratory flow rate (PEFR) which is measured using a peak flow meter (NICE, 2017). PEFR measures the fastest speed at which air can be blown out of the lungs, and is an indicator of how blocked the air passages are. Measured in litres per minute (L/min) and compared with an expected value, according to age, sex and height (Asthma + Lung UK, 2023).
If peak flow is monitored daily (twice a day is ideal – morning and evening), patients will be able to recognise a gradual worsening of their lung function before symptoms become apparent (NICE, 2017). Asthma action plans use personalised PEFR zones, usually a traffic light system with green >80% predicted, amber 50–80% and red <50% to show patients when to increase or decrease asthma medication, seek advice from their healthcare provider or call the emergency services (Global Initiative for Asthma, 2023). This proactive surveillance method has shown to have beneficial effects on the minimisation of unscheduled healthcare utilisation and better asthma control outcomes (NICE, 2017).
Among the adolescents, now more of them can comply with the equipment since digital peak flow meters and smartphone applications have allowed them to easily monitor and visualise the trends of data logging. The longitudinal data can also help the clinician to assess the efficacy of preventer therapy at asthma reviews for step-up or step-down in accordance with GINA guidelines (Global Initiative for Asthma, 2023).
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Various evidence-based lifestyle modifications have the potential to significantly decrease the severity and occurrence of asthma exacerbations among the adolescents.
The biggest lifestyle change is to stop smoking and vaping. Nonsmokers are at half the risk for poorly controlled asthma as smokers (McNeill et al., 2022). The advice to give short-term cessation must be provided by all healthcare professionals to each clinical contact, and complemented by referral to specialist stop-smoking services as well as the offer of nicotine replacement therapy (where necessary) as suggested by NICE (2021). When supporting young people to quit, motivational interviewing is a particularly effective technique in helping to motivate them from within (NICE, 2021).
Moderate exercise of regular intensity is able to increase their cardiorespiratory fitness and decrease airway hyperresponsiveness in patients with asthma (Carson et al., 2013). The warm humidified conditions of swimming help reduce the effects of exercise induced bronchoconstriction and make swimming particularly tolerated. Patients should be counselled to use their Short Acting Beta-2 Agonist (SABA) inhaler 10-15 minutes before they exercise where it is known that their symptoms occur during exercise (Global Initiative for Asthma, 2023).
Other considerations are diet and weight management. Obesity is a single risk factor to asthma severity and low corticosteroid responsiveness (Beuther and Sutherland, 2007). The evidence on the beneficial association of a Mediterranean diet, which contains high amount of fruit, vegetables, and omega-3 fatty acids, is of moderate quality (Barros et al., 2016) and is associated with decreasing bronchial inflammation and improving lung function; this should be discussed with patients in an honest manner.
An individualised asthma action plan should include how to reduce exposure to known environmental triggers (NICE, 2017) using allergen-proof mattress covers, regular vacuuming and avoiding known allergens. All asthmatic patients are strongly encouraged to have their annual influenza vaccination, which decreases the chance of exacerbations, triggered by the virus (Johnston et al., 1995).
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Asthma is a multifaceted, chronic inflammatory disease of the airways which has profound effects on the respiratory health of teenagers, especially with the evolution of lifestyle behaviours with age. The insights of this report have shown that knowledge of the anatomy and physiology of respiration starting with the structures of the airway all the way to the processes of alveolar gas exchange is essential to understanding how and why symptoms occur and how some triggers can elicit such a great response.
Smoking, vaping and exposure to respiratory infections are all behaviors that are more common in the teen social landscape and directly contribute to the pathophysiology of asthma, which includes IgE Mediated Inflammation, Bronchospasm, Oedema and Mucous Hypersecretion. By regularly monitoring via peak flow, patients can take a proactive approach to managing their asthma, rather than a reactive one and help to recognise when things are getting worse before it actually becomes an emergency.
Evidence-based lifestyle changes, most importantly quitting smoking and vaping, as well as increasing regular exercise and making dietary changes and avoiding trigger foods, can give adolescents a chance to take control of their breathing. Healthcare professionals are an integral part, not just as a prescriber of medicine but as an educator and motivator. Having provided teenagers with the knowledge of their illness and practical means of its treatment, nurses in asthma clinics will be able to increase their interest in care plans and eventually enhance long-term health outcomes.
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