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Asthma and the Respiratory System
1- [bookmark: _Toc236694431]Introduction

[bookmark: _Toc236694432]1.1 What is asthma?
[bookmark: _Toc236694086][bookmark: _Toc236694318][bookmark: _Toc236694433]Asthma is a chronic respiratory condition that causes the airways to become inflamed, overly sensitive and intermittently narrowed. When a person encounters an asthma trigger, the lining of the airways becomes swollen, the surrounding smooth muscles contract—a process called bronchoconstriction—and additional thick mucus is produced. Together, these responses reduce airflow and make expiration particularly difficult. Common symptoms include coughing, wheezing, breathlessness and tightness in the chest. Symptoms vary between individuals and may become significantly worse during an asthma exacerbation (Asthma + Lung UK, n.d.a).
[bookmark: _Toc236694434]1.2 Main risk factors
Asthma develops through an interaction between genetic susceptibility and environmental exposure. Important risk factors include a family history of asthma and atopy, which is a genetic tendency to develop allergic conditions such as eczema, hay fever or food allergies. Other factors include premature birth, childhood respiratory infections, air pollution and exposure to cigarette smoke during pregnancy or childhood.
Occupational exposure to substances such as flour, latex, wood dust and chemical fumes can also cause asthma. Vaping aerosols may irritate sensitive airways, although evidence that vaping directly causes asthma is less established than the evidence concerning tobacco smoke (Asthma + Lung UK, 2025; NHS, n.d.a).
[bookmark: _Toc236694435]1.3 Importance of education and self-management
Education is particularly important for the adolescents in the case study because smoking, vaping and attending crowded venues may increase their exposure to airway irritants and respiratory infections. As adolescents become more independent, they assume greater responsibility for taking medication, using inhalers correctly and recognising deterioration.

Education provided through the fortnightly clinic can help them identify triggers, understand their treatment and follow personalised asthma action plans. Improved knowledge can increase engagement with care plans, reduce the risk of serious exacerbations and support safe self-management (NICE, 2024; Asthma + Lung UK, 2024). This report explains respiratory structure and function, the effects of asthma and inhaled irritants, the value of respiratory monitoring and lifestyle changes that can improve asthma control.

2- [bookmark: _Toc236694436]Structure of the Respiratory System and Mechanical Respiration

[bookmark: _Toc236694437]2.1 Main respiratory structures
During inspiration, air enters through the nose or mouth. In the nasal cavity, mucus and hair-like cilia trap dust and microorganisms, while blood vessels warm and humidify the incoming air. Air then moves through the pharynx towards the larynx. The larynx, commonly called the voice box, contains the vocal cords and helps to maintain an open airway.
From the larynx, air enters the trachea. C-shaped cartilage rings support the trachea and prevent its collapse. The trachea divides into the right and left main bronchi, which carry air into the corresponding lungs. Each bronchus repeatedly divides into smaller bronchioles, whose smooth muscle helps regulate airflow. The bronchioles end in clusters of microscopic air sacs called alveoli. These are surrounded by pulmonary capillaries and provide the main site of oxygen and carbon dioxide exchange (Betts et al, 2022).
[bookmark: _Toc236694438]2.2 Inhalation
Inspiration is an active process requiring muscular contraction. The diaphragm contracts, flattens and moves towards the abdominal cavity. Simultaneously, the external intercostal muscles contract, raising the ribs and sternum upwards and outwards. These movements increase the volume of the thoracic cavity and expand the lungs.
As lung volume increases, pressure inside the alveoli falls below atmospheric pressure. Air consequently enters the lungs along the pressure gradient until the pressures inside and outside the lungs become equal (Betts et al, 2022).

[bookmark: _Toc236694439]2.3 Exhalation
Quiet expiration is mainly passive. The diaphragm and external intercostal muscles relax, the diaphragm returns to its dome-shaped position, and the ribcage moves downwards and inwards. Elastic recoil reduces lung volume, increasing pressure inside the lungs above atmospheric pressure and forcing air out.
During forceful expiration, such as during vigorous exercise, the internal intercostal and abdominal muscles contract to expel air more forcefully. Expiration is more difficult in asthma because inflammation, bronchoconstriction and mucus reduce the diameter of the bronchi and bronchioles. Increased airway resistance can lead to wheezing, breathlessness and air becoming trapped inside the lungs.

3- [bookmark: _Toc236694440]Gas Exchange in the lungs

[bookmark: _Toc236694441]3.1 Location and process of gas exchange
Gas exchange is the transfer of oxygen from the lungs into the blood and carbon dioxide from the blood into the lungs for removal. It occurs across the alveolar–capillary membrane. The alveoli are adapted for effective gas exchange because their walls are one cell thick, their surface is moist and their large, combined surface area is surrounded by an extensive capillary network. These features create a short diffusion distance and permit gases to move rapidly between alveolar air and the bloodstream (Powers and Dhamoon, 2023).

[bookmark: _Toc236694442]3.2 Movement of oxygen
Inhaled air produces a higher partial pressure of oxygen in the alveoli than in the oxygen-poor blood arriving through the pulmonary capillaries. Oxygen therefore diffuses across the alveolar–capillary membrane from an area of higher partial pressure to an area of lower partial pressure.
Most oxygen then binds to haemoglobin in red blood cells, forming oxyhaemoglobin. The pulmonary veins carry oxygenated blood to the left side of the heart, which pumps it to the body’s tissues. Cells use oxygen during aerobic respiration to release energy (Betts et al, 2022).

[bookmark: _Toc236694443]3.3 Removal of carbon dioxide
Carbon dioxide is produced by cellular metabolism and transported through the blood to the lungs. Its partial pressure is higher in the pulmonary capillary blood than in the alveolar air. Carbon dioxide consequently diffuses into the alveoli and is removed during expiration.
Asthma may interfere with gas exchange because airway narrowing reduces the volume of air reaching some alveoli. These alveoli may continue receiving blood but receive insufficient ventilation, creating a ventilation–perfusion mismatch. During a serious exacerbation, this may reduce blood oxygen levels and eventually impair carbon dioxide removal.
[image: User uploaded image]
[bookmark: _Toc236694444]Figure 2. Gas exchange between an alveolus and a pulmonary capillary. Oxygen diffuses from the alveolus across the thin alveolar-capillary membrane into the bloodstream, where it binds to haemoglobin in red blood cells. Carbon dioxide diffuses in the opposite direction, from the blood into the alveolus, before being removed during exhalation.
Source: Author’s own illustration, based on OpenStax (2022) and Powers and Dhamoon (2023).

4- [bookmark: _Toc236694445]How irritants Cause Inflammation and Affect Breathing

[bookmark: _Toc236694446]4.1 How irritants trigger airway inflammation
People with asthma have chronically inflamed, hyperresponsive airways. When cigarette smoke, vaping aerosols or other irritants are inhaled, epithelial and immune cells release inflammatory mediators, including histamine and leukotrienes. These substances cause swelling of the tissue lining the bronchi and bronchioles, contraction of the surrounding smooth muscle and increased mucus secretion.
The three responses narrow the airways, increase resistance and restrict airflow, particularly during expiration. This produces characteristic symptoms such as coughing, wheezing, chest tightness and breathlessness (Goldin and Cataletto, 2024).
[bookmark: _Toc236694447]4.2 Effects of smoking and vaping
Cigarette smoke contains toxic chemicals and fine particles that damage the airway lining and intensify inflammation. Smoke also damages the cilia responsible for moving mucus, debris and microorganisms out of the respiratory tract. Impaired ciliary clearance and increased mucus production allow secretions and irritants to accumulate, causing further airway obstruction.
Vaping aerosols are not harmless water vapour. They may contain nicotine, ultrafine particles and flavouring chemicals that cause oxidative stress, irritate airway cells and impair respiratory clearance (Stefaniak et al., 2021). Adolescents who smoke or vape therefore expose their sensitive airways to substances that may worsen symptoms and reduce asthma control.
[bookmark: _Toc236694448]4.3 Respiratory infections and asthma
Respiratory infections, including colds and influenza, are common triggers of asthma exacerbations. Infection activates immune responses that increase airway inflammation and mucus production. Because the airways of people with asthma are already inflamed and hyperresponsive, even a relatively mild infection can cause considerable narrowing and a serious exacerbation (McIntyre and Busse, 2022).
The adolescents in the case study may encounter infectious droplets and aerosols in crowded, poorly ventilated bars or clubs. Combined exposure to infection, cigarette smoke and vaping aerosols may contribute to their increasingly severe symptoms.


5- [bookmark: _Toc236694449] Recording and Tracking Respiratory Function


[bookmark: _Toc236694450]5.1 Peak expiratory flow
Peak expiratory flow (PEF) measures the maximum speed at which a person can forcefully exhale after taking a full breath. It is measured in litres per minute using a portable peak-flow meter. Airway inflammation and narrowing can reduce the speed of expiration and produce a lower result.
To perform the test, the person should reset the meter, remain upright, inhale fully, seal their lips around the mouthpiece and blow out as hard and fast as possible. The procedure should be repeated three times, with the highest technically satisfactory result recorded (Asthma + Lung UK, 2026).
One result provides limited information because readings differ between individuals and may vary throughout the day. Where recommended by a healthcare professional, regular results can be compared with the adolescent’s personal best measurement when asthma is controlled. Falling readings may indicate increasing airway obstruction before severe symptoms appear, allowing the person to follow their asthma action plan and obtain timely clinical advice. However, daily PEF monitoring is not necessary for every person and should reflect individual clinical circumstances (NICE, 2024).

[bookmark: _Toc236694451]5.2 Recording respiratory information
An asthma diary can record PEF results alongside symptoms, night waking, physical activity, reliever-inhaler use and environmental exposures. Patterns may show that symptoms or readings deteriorate following smoking, vaping, exercise, pollution, allergens or infection. This helps adolescents recognise triggers and understand how lifestyle choices influence their respiratory health.
Adolescents can bring these records to the fortnightly clinic. The GP and practice nurse can use them alongside the clinical history to evaluate asthma control, medication adherence and treatment effectiveness. The findings may indicate a need to correct inhaler technique, review medication or make a specialist referral.
Nevertheless, PEF should not be considered independently of symptoms. Increasing breathlessness, severe wheezing or failure of the reliever inhaler to provide benefit requires immediate action, even if the PEF result appears relatively normal.

6- [bookmark: _Toc236694452]Evidence – Based Lifestyle Recommendations 

[bookmark: _Toc236694453]6.1 Smoking, vaping and asthma
Adolescents should be advised not to smoke. Tobacco smoke increases inflammation, damages cilia, increases mucus production and may trigger bronchoconstriction. These effects make asthma more difficult to control and increase the likelihood of serious exacerbations.
The practice nurse should use a supportive, non-judgemental approach to assess nicotine dependence, explain the consequences and refer adolescents who smoke to an NHS Stop Smoking Service. NICE (2025) recommends considering nicotine-replacement therapy for tobacco-dependent young people aged 12 years and over alongside behavioural support. Varenicline, cytisinicline and bupropion must not be offered to people under 18, although varenicline may be considered for those aged 18 or 19 after clinical assessment.
Although regulated nicotine vaping is generally less harmful than smoking, it is not harmless and should not be promoted to adolescents who do not smoke. Because vaping aerosols can irritate airway cells and promote inflammation, adolescents with asthma should receive support to stop vaping (Ranpara et al., 2021).





[bookmark: _Toc236694454]6.2 Additional lifestyle recommendations

Adolescents should reduce exposure to second-hand smoke, vaping aerosols, pollution and poorly ventilated venues. When attending crowded locations, they should carry their prescribed reliever inhaler, avoid smoking areas and leave if symptoms develop.
Consistent medication use and correct inhaler technique are essential. During clinic appointments, the practice nurse should observe inhaler technique, correct errors and review the personalised asthma action plan. Adolescents must understand which medication to take regularly, how to recognise deterioration and what to do during an emergency (NICE, 2024).
Regular physical activity should be encouraged because well-controlled asthma should allow adolescents to exercise. They should warm up gradually, monitor their symptoms and follow individual treatment instructions. Checking pollen and pollution forecasts may help them plan outdoor activities and reduce exposure when levels are high. Eligible adolescents should also receive annual influenza vaccination because influenza can trigger asthma symptoms and serious exacerbations (NHS, 2023).












7- [bookmark: _Toc236694455]Conclusion 

The respiratory system transports air to the alveoli, where oxygen enters the blood and carbon dioxide moves into the lungs for expiration. Asthma disrupts breathing because inflammation, bronchoconstriction and excess mucus narrow the airways. Smoking, vaping and respiratory infections can intensify these changes and cause serious exacerbations.
Peak-flow measurements, symptom records and personalised asthma action plans help adolescents recognise deterioration and identify triggers. Avoiding smoking and vaping, reducing exposure to irritants and infections, taking medication correctly and remaining physically active can improve asthma control.
Effective management therefore requires adolescents to understand their condition, participate in their care plans and seek assistance when symptoms worsen. Continuing support from the GP and practice nurse can promote informed decisions, safer self-management and better long-term respiratory health.













References
Asthma + Lung UK (2024) ‘Your asthma action plan’. Available at: https://www.asthmaandlung.org.uk/conditions/asthma/manage/your-asthma-action-plan (Accessed: 24 July 2026).
Asthma + Lung UK (2026) ‘Peak flow test’. Available at: https://www.asthmaandlung.org.uk/symptoms-tests-treatments/tests/peak-flow (Accessed: 24 July 2026).
Asthma + Lung UK (n.d.a) ‘What is asthma?’. Available at: https://www.asthmaandlung.org.uk/conditions/asthma/what-asthma (Accessed: 24  July 2026).
Asthma + Lung UK (n.d.b) ‘Asthma triggers’. Available at: https://www.asthmaandlung.org.uk/conditions/asthma/asthma-triggers (Accessed: 24 July 2026).
Betts, J.G., Young, K.A., Wise, J.A., Johnson, E., Poe, B., Kruse, D.H., Korol, O., Johnson, J.E., Womble, M. and DeSaix, P. (2022) Anatomy and physiology 2e. Houston, TX: OpenStax. Available at: https://openstax.org/details/books/anatomy-and-physiology-2e (Accessed: 26 July 2026).
Goldin, J. and Cataletto, M.E. (2024) ‘Asthma’, in StatPearls. Treasure Island, FL: StatPearls Publishing. Available at: https://www.ncbi.nlm.nih.gov/books/NBK430901/ (Accessed: 26 July 2026).
McIntyre, A. and Busse, W.W. (2022) ‘Asthma exacerbations: the Achilles heel of asthma care’, Trends in Immunology, 43(11), pp. 864–877. Available at: https://doi.org/10.1016/j.it.2022.09.009. (Accessed: 28 July 2026)
National Health Service (NHS) (2023) ‘Flu vaccine’. Available at: https://www.nhs.uk/vaccinations/flu-vaccine/(Accessed: 28 July 2026).
National Health Service (NHS) (n.d.) ‘Asthma’. Available at: https://www.nhs.uk/conditions/asthma/ (Accessed: 28 July 2026).
National Institute for Health and Care Excellence (NICE) (2024) Asthma: diagnosis, monitoring and chronic asthma management (BTS, NICE, SIGN). NICE guideline NG245. Available at: https://www.nice.org.uk/guidance/ng245(Accessed: 26July 2026).
National Institute for Health and Care Excellence (NICE) (2025) Tobacco: preventing uptake, promoting quitting and treating dependence. NICE guideline NG209. Available at: https://www.nice.org.uk/guidance/ng209 (Accessed: 28 July 2026).
Powers, K.A. and Dhamoon, A.S. (2023) ‘Physiology, pulmonary ventilation and perfusion’, in StatPearls. Treasure Island, FL: StatPearls Publishing. Available at: https://www.ncbi.nlm.nih.gov/books/NBK539907/ (Accessed: 26 July 2026).
Ranpara, A.C., Stefaniak, A.B., Fernandez, E. and LeBouf, R.F. (2021) ‘Effect of puffing behaviour on particle size distributions and respiratory depositions from pod-style electronic cigarette, or vaping, products’, Frontiers in Public Health, 9, article 750402. Available at: https://doi.org/10.3389/fpubh.2021.750402. (Accessed: 28 July
 









image2.jpeg
UWTSD

London




image3.png
Figure 2. Gas Exchange Between an Alveolus and a Pulmonary Capillary
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