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Introduction
Asthma is a multi-faceted chronic disease that encompasses the airways with symptom variability as well as variable expiratory airway obstruction. Symptoms such as wheezing, cough, chest tightness, and shortness of breath occur because of the cumulative effect of several causes including airway inflammation, airway hyper-responsiveness, and contraction of airway smooth muscles. Symptoms and obstruction vary among individuals and even with time. Consequently, asthma should not be viewed as a homogenous disease (Global Initiative for Asthma, 2024).
	Adolescence is considered a proper time for prevention since at this age individuals become more independent, there are peer influences and the change of their social environment which can result in their greater vulnerability to cigarette smoke, emissions from e-cigarettes, and respiratory infections, as well as their compliance with treatment. In England, asthma was diagnosed by the primary care register in 6.6% of people aged six or older in 2024/25 which shows how significant the disease is concerning services provision although it does not represent the prevalence rate among adolescents (Department of Health and Social Care, 2026). It is vital to separate risk factors and triggers of asthma development.
	In this paper, there is a critical discussion of respiratory physiology and mechanics of breathing, pulmonary gas exchange, asthma physiology, as well as respiratory information and treatments for adolescents. The core idea is that safer management of the condition relies on bridging physiological knowledge and proper monitoring and treatment.
[bookmark: _Toc242547530]Pulmonary gas exchange
The alveoli are air-filled chambers that have a thin membrane wall adjacent to the pulmonary capillaries. The alveoli play an essential role in the process of gas exchange because they are large in number, have short diffusion distance and good blood supply. Oxygen travels from the alveoli to the blood because of the pressure difference between the two. The oxygen in the blood gets carried through the haemoglobin in the blood. Carbon dioxide leaves the blood and goes to the alveoli in its gaseous state.
	In asthma, the narrowed airways lead to an uneven ventilation. There are some alveoli that get less new air compared to their blood supply leading to ventilation perfusion mismatch and may reduce oxygenation in the arterial blood during an acute attack. Retention of carbon dioxide is a possibility when there is obstruction and respiratory fatigue to a large degree, but it is not supposed to be regarded as something that always happens in mild asthma.
[bookmark: _Toc242547545]Table 1: Relationship between respiratory structure, function and asthma-related impairment
	Structure/process
	Normal function
	Relevance to asthma

	Bronchi and bronchioles
	Conduct air, smooth muscle regulates calibre.
	Inflammation, muscle contraction and oedema narrow the lumen and increase resistance.

	Diaphragm and intercostal muscles
	Change thoracic volume to create pressure gradients for ventilation.
	Increased breathing effort may be required during obstruction, fatigue is concerning in severe attacks.

	Alveoli and pulmonary capillaries
	Promote the passage of oxygen to blood and carbon dioxide to alveoli.
	In addition, uneven ventilation leads to ventilation-perfusion mismatch during a severe exacerbation.


[bookmark: _Toc242547531]Respiratory anatomy and mechanical respiration
The respiratory system has two main components, namely, the upper respiratory system and the lower respiratory system. The nose and nasal cavities heat, filter, and moisten the air. On the other hand, the pharynx and larynx deliver air to the trachea. The trachea divides into bronchi, which further divide into bronchioles. The cartilage ensures that the air passage is kept open, while smooth muscles of bronchiole walls regulate the airway diameter. Conducting zone allows the passage of air, whereas respiratory zone consisting of alveolar ducts and alveoli performs the gaseous exchange.
	In mechanical breathing, the gradients in pressure occur due to changes in the size of the thorax. Inspiration involves the contraction of the diaphragm to make it flat and contraction of the external intercostals to lift the ribs. As a result, the volume of the thorax increases and intrapulmonary pressure decreases to become less than the atmospheric pressure and the flow of air occurs inward. In quiet expiration, there is relaxation of the respiratory muscles and reduction in the volume of lungs because of the elastic recoil.
	With such an increase in resistance to airflow associated with reduction in diameter of the airways, even slight inflammation or smooth muscle contraction will be enough to block air flow through these passages. Narrowing usually occurs more prominently during exhalation, because at this point, intrathoracic pressure acts to compress intrathoracic airways. 
Pulmonary gas exchange
The alveoli are air sacs having a very thin wall and are located close to the pulmonary capillaries. The large surface area, short diffusion distance, and profuse blood supply of the alveoli help in efficient gas exchange. The oxygen present in the alveolar air diffuses into the capillary blood because of its high partial pressure, while carbon dioxide diffused from the blood to the alveoli due to its lower partial pressure in the blood.
	As a result of airway constriction in patients with asthma, ventilation becomes uneven, whereby some alveoli have an imbalance between fresh air intake and blood supply, resulting in the development of a ventilation-perfusion mismatch which may lead to poor oxygenation of the arteries during acute exacerbation. Carbon dioxide buildup results from the degree of obstruction and fatigue, but it is not a necessary condition in cases of mild asthma. The clinical significance of this condition will depend on the extent of the obstruction and how ventilation is distributed in the body.
[bookmark: _Toc242547532]Asthma pathophysiology and respiratory impairment
There are inflammatory airways along with high responsiveness to external factors involved in asthma. In case of many patients, type 2 inflammatory pathways are responsible for eosinophilic inflammation, mucus secretion, and bronchial hyperresponsiveness, nonetheless, asthma is not homogenous biologically, and thus, not all patients have the same inflammatory response pattern. Hence, an important description of asthma should not consider one immune pathway applicable to everyone. In case of susceptible airways, exposure to any allergen, smoke, or infection may trigger inflammatory and epithelial responses, leading to mediator release and constriction of bronchial smooth muscles (Lambrecht, Ahmed and Hammad, 2025).
	These three interplay with each other, bronchoconstriction causes reduced airway diameter, while mucosal edema leads to the thickening of the airways, while mucus hypersecretion may cause blockage of the airway lumen. This will mean that there will be high resistance, low expiratory airflow and hence breathing effort will be more. Air trapping occurs due to low expiratory airflow, leading to tightness in the chest and difficulties in breathing. Remodelling of the airways may happen due to inflammation and/or poor control in some patients, leading to partial reversibility in those patients. But not all adolescents have irreversibility of obstruction.
	The tobacco smoke produces irritants, which may trigger respiratory problems, while smoking is associated with management of asthma. From the information synthesised, it may be asserted that the exposures to combustible tobacco and e-cigarettes should be taken into account when assessing the impact on asthma outcomes at various levels of certainty of each exposure and outcome type (Agache et al., 2024). Vaping is another type of exposure, not a safe alternative to fresh air because the aerosol content varies depending on the kind of vaping product and fluid used. According to the findings of a meta-analysis of 10 cross-sectional studies including 483,948 secondary school students, e-cigarettes increased the risk of developing asthma (OR 1.31, 95% CI 1.22-1.42), whereas current use increased the risk even more (OR 1.36, 95% CI 1.26-1.48).
 	These findings have no implications of causation due to the cross-sectional nature of the evidence included (Li et al., 2022). Exacerbations may also be caused by respiratory infections, although the exposure will not lead to the same outcomes in each teen since a pediatric study from the emergency department indicated that viral infection and allergy had implications for symptom severity (Dinwiddie et al., 2022).
[bookmark: _Toc242547533]Respiratory monitoring and routine data
The peak expiratory flow rate (PEF) represents the highest speed of forced exhalation measured with a peak flow meter. If necessary from a clinical point of view, measurement of multiple PEF rates against an individual's personal best will help to detect a decrease in expiratory flow. Symptom scores contribute information on night waking, activity restrictions, coughing, wheezing, and shortness of breath. It is also important to evaluate regular reliever use, compliance with treatment, use of inhalers, frequency of asthma exacerbations, and visits to the emergency room.
	Data are helpful only if they affect decision-making appropriately. Declining values of PEF may require some action in accordance with a written personalised asthma action plan and review from the clinical perspective, trends may also provide information about a reaction to therapy. However, PEF is technique-dependent and may be influenced by variability in devices and teaching. Symptom data are also subjective and may be underreported in case adolescents normalise breathlessness or do not want to look different from other peers. Electronic diaries and notifications might increase compliance but evidence for digital interventions is scarce because of heterogeneity in study designs, limited follow-ups and description of intervention elements (van Buul et al., 2020).
	PEF measurement on a routine basis is not essential for every asthmatic patient. The frequency should depend on clinical requirements and should be viewed along with other symptoms. It is stated that at present in the UK, there is a requirement of control status, use of relievers, days off work/school, exacerbation history, treatment compliance and proper usage of inhalers, personalised management education and planning are recommended (National Institute for Health and Care Excellence, 2024). 
[bookmark: _Toc242547546]Table 2: Routine asthma data: value, limitation and appropriate interpretation
	Data source
	Potential value
	Critical limitation / response

	PEF trend, where indicated
	May identify a decline from personal best and support an action plan.
	Effort- and technique-dependent, interpret with symptoms and clinical advice.

	Symptoms and night waking
	Captures lived experience and effects on sleep or activity.
	Subjective and may be normalised or under-reported, ask specific questions.

	Reliever use and exacerbation history
	May indicate poor control or increased risk and inform review.
	Requires accurate recall and context, assess adherence and prescribed regimen.

	Inhaler technique and adherence review
	Identifies modifiable barriers to effective treatment delivery.
	A single demonstration may not reflect routine use, reassess and use teach-back.


[bookmark: _Toc242547534]Evidence-based lifestyle and self-management recommendations
To begin with, adolescents should receive encouragement to stay away from tobacco smoke, quit smoking when they are smokers and refrain from vaping. The physiological basis behind this is the need to minimise airway irritation exposure and not the hope that quitting alone will cure asthma. Information should be given in a private manner where necessary, non-judgmental and related to age-based smoking cessation counseling. The clinicians should inquire about their first-hand and secondhand exposure, and not assume their existence. 
	The second topic to cover would be prevention of infections in general and how to manage specific triggers. Hygiene, self-isolation when highly infectious, and immunisation for eligible adolescents will help avoid some risks of infections, but not all exacerbations can be prevented. Triggers should be identified clinically, not by applying overly strict avoidance approaches. Avoidance of any activity, in particular, is counterproductive activity is usually encouraged in case of controlled asthma and the patient experiences exercise-induced attacks.
	Thirdly, the proper use of safe medication is essential. Adolescents should be given instructions on how to use the inhaler and should have a teach back session for their technique. They should be told what the purposes of preventers and relievers are. A personalised written action plan should detail the normal management of their asthma, the indicators that the condition is deteriorating, and when they need to seek help immediately. In a systematic review of the assessment of self-management in adolescents with asthma, it was noted that there is variation in the method used (Isik et al., 2023).
	Fourth, the development process of the adolescents must be considered during the creation of the educational program. The consensus decision-making, motivational interviewing, and methods for undetected use of the inhalers may become useful tools for resolving problems with their use. Technology can be employed to track the symptoms, however, it cannot be an alternative for medical examination and give those adolescents who have problems with connectivity, privacy, and working with computers an advantage. There is not enough literature regarding new methods: for instance, the only usability study conducted in 2025 was done by 13 adolescents on the mobile application for asthma action plan (He et al., 2025).
[bookmark: _Toc242547535]Conclusion
The case of asthma serves to demonstrate well the effects of respiratory system structure on physiology. Asthma results in airway inflammation, constriction, and mucus accumulation, causing a narrowing of airways and increasing the resistance and, in some cases, inadequate ventilation. Triggers for asthma can be smoking, vaping, or respiratory infection. Nevertheless, people have different reactions to these triggers.
	The regular data collection of symptoms, and clinically justified PEF trends could help in detecting deterioration and informed assessment, but neither the figures nor any digital documentation is to be used as a standalone tool. What will work best is a combination of proper understanding of the physiology of asthma, along with the correct treatment regimen, checking for the technique of using inhalers, individualised plan, trigger minimisation, and adolescent-focused education. 
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