Component 1: Case Study 2 - Asthma in Adolescents: Physiological Mechanisms, Monitoring, and Lifestyle Management

BMHP5023

Introduction to Physiology
Student Name: Natasha Rose Ilsley
Student ID: 2506011
Lecturer: Farah Islam
Table of Contents

3Introduction


4The Structure of the Respiratory System


5The Process of Mechanical Respiration


6Gas Exchange in the Lungs


7The Impact of Irritants on the Respiratory System


8The Role of Peak Flow Monitoring in Asthma Self-Management


8Evidence-Based Lifestyle Recommendations


10Conclusion


11Reference List




List of Figures

4Figure 1 : Overview of the Human Respiratory System


5Figure 2 : The Process of Mechanical Respiration: Assisted Ventilation




List of Table

9Table 1 : Evidence-Based Lifestyle Interventions for Asthma Management




Introduction

Asthma is a chronic inflammatory disease of the airways characterised by chronic airflow obstruction that is reversible, bronchial hyperresponsiveness, and respiratory symptoms such as wheeze, cough, chest tightness and shortness of breath that fluctuate in time and intensity (Global Initiative for Asthma [GINA], 2025). Around 7.2 million people in the UK (about 8 per cent of the population) have asthma, and the UK has one of the highest rates of asthma death in Europe, with four people dying from an asthma attack each day, two thirds of which is believed to be preventable (Chemist4U, 2025). Particularly of concern is the adolescent population, as the lifestyle changes which are occurring with the introduction of smoking/vaping and the increased exposure to crowded indoor environments are contributing to exacerbations becoming more severe (Health Innovation NENC, 2025).

Asthma risk factors are complex and include environmental factors as well as genetic susceptibility. The genetic contribution to asthma liability has been estimated at 40-70% in twin studies, and genome-wide association studies have identified a number of replicable genetic variants that increase the risk of asthma (ScienceDirect, 2025). The increase in the prevalence of asthma seen in the twentieth century is not completely explained by genetic changes, indicating that environmental and lifestyle factors are also likely to have important roles. Asthma accounts for almost 30% of the global burden of disease in terms of "disability-adjusted life-years (DALYs)" (Xie et al., 2020), and nearly 40% of this burden is attributed to four modifiable environmental, social and lifestyle risk factors: high BMI, occupational exposures, air pollution from traffic (NO2), and smoking. Secondhand smoke and vaping, as well as active smoking, are especially important and modifiable risk factors for adolescents, and are direct factors in airway inflammation and worsening frequency (Tiotiu et al., 2024).

This report's aim is to give the GP asthma clinic an overall physiological explanation of asthma for adolescent patients. It will outline the structure of the respiratory system, explain mechanical respiration and gas exchange, discuss how irritants are responsible for inflammation and remodelling of airways, outline the evidence to support the use of peak flow monitoring and outline the evidence of effective, lifestyle modification in achieving asthma control.

The Structure of the Respiratory System

The Respiratory System consists of a series of branching air-conducting passages which carry air to and from the lungs, the basic gas exchanging units of the respiratory system (ScienceDirect, 2025). The system has classically been divided into the upper respiratory tract (nasal cavity, pharynx, and larynx) and the lower respiratory tract (trachea, bronchi, bronchioles, and alveoli). The trachea divides into the right and left primary bronchi, which undergo about 23 generations of dichotomous branching to form bronchioles and the terminal bronchioles, which are the final branches (Royal College of Paediatrics and Child Health [RCPCH], 2026).
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Figure 1: Overview of the Human Respiratory System

Source: (MSD Manual, 2025)

Alveoli are small bags 300 microns in diameter, grouped into clusters that look like a honeycomb, where gas exchange takes place. Alveolar wall made up of thin epithelial lined with pneumocytes type I (for gas diffusion) and pneumocytes type II (for surfactant production, thus keeping alveoli surface tension low to prevent collapse). The pulmonary capillaries are very close to the alveolar epithelium, through which oxygen and carbon dioxide are exchanged (MSD Manual, 2025). In an adult human, the total surface area of alveoli is about 70 square metres which is a very large area for gas exchange to be efficient (Jamshidi et al., 2026).

The airways are innervated by the autonomic nervous system that leads to bronchoconstriction with parasympathetic stimulation and bronchodilation with sympathetic stimulation. However, this innervation becomes clinically important in asthma where an increase in parasympathetic tone and release of neuropeptides has been shown to lead to bronchoconstriction after exposure to a trigger.

The Process of Mechanical Respiration

Mechanical respiration (ventilation) describes the movement of air in and out of the lungs, which is a bi-directional pump that depends on pressure gradients generated by the respiratory muscles, in which air is pushed by the muscles into and out of the lungs (ScienceDirect, 2025). On inspiration the diaphragm and the external intercostal muscles contract. When the diaphragm contracts, it flattens the dome, thus increasing the vertical diameter of the thoracic cavity while a contraction of the external intercostal muscles lifts the ribs and sternum, increasing the anteroposterior and transverse diameters of the thoracic cavity. This expansion of thoracic cavity decreases intrapleural pressure and it expands lung volume, decreasing alveolar pressure compared to atmospheric pressure. As a result of this pressure differential, air flows from the atmosphere into the alveoli (BMC Public Health, 2026).
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Figure 2: The Process of Mechanical Respiration: Assisted Ventilation

Source:  (Jamshidi et al., 2026)

The diaphragm and external intercostal muscles relax during expiration and a recoil of the lungs and chest wall increases intrapleural and alveolar pressures above atmospheric pressure, which expels the gas out of the lungs. Expiration is passive at rest, but active during exercise or if there is a respiratory disease, accessory muscles (abdominal muscles and internal intercostals) may be used (Jamshidi et al., 2026).

In asthma, due to narrowing of the airways, the resistance to airflow in the airways increases and mechanical respiration is compromised. Poiseuille's law states that airway resistance will increase in direct proportion to the 4th power of any reduction in the airway calibre, a small decrease in the airway calibre will result in a significant increase in WOB. (ScienceDirect, 2025) If a severe attack occurs, it would mean resistance would grow by approximately 256 times for a 75% reduction in radius (Tiotiu et al., 2024). 

Gas Exchange in the Lungs

Gas exchange takes place by molecular diffusion across the alveolar capillary membrane, which is based on the partial pressure differences of oxygen and carbon dioxide (Xie et al., 2020). Pulmonary arteries bring deoxygenated blood and enter into the pulmonary capillaries with a partial pressure of oxygen of about 40 mMHg and a partial pressure of carbon dioxide of about 46 mMHg. The partial pressure of oxygen in alveolar air is close to 104 mmHg and the partial pressure of CO2 is about 40 mmHg.

Oxygen passes through - alveolar epithelium, interstitial space, and capillary endothelium - into the pulmonary capillary blood, where it combines with haemoglobin. Opposite to this, carbon dioxide will move from the blood to the alveoli for elimination during expiration (MSD Manual, 2025). This exchange is highly efficient because of the large surface area of the alveolar-capillary membrane, thinness of the membrane and the co-ordination of ventilation and perfusion. In asthma, reduced ventilation of affected areas of lung may occur because of lung inflammation and mucus plugging, resulting in ventilation-perfusion mismatch which decreases the efficiency of gas exchange (hypoxaemia) during an asthma exacerbation.

The Impact of Irritants on the Respiratory System

A central component in the pathogenesis of asthma is a chain of inflammatory responses that begins when respiratory irritants enter the airways and includes cigarette smoke, issues from viral or bacterial infections, and vaping aerosols. In asthma patients, there is a norman inflammatory infiltrate consisting of T helper 2 (Th2) lymphocytes, eosinophils, and mast cells, that causes epithelial desquamation, subepithelial fibrosis, angiogenesis and smooth muscle hypertrophy (Lambrecht et al., 2019). 

Upon inhalation of irritants, pro-inflammatory neuropeptides such as substance P, neurokinin A and calcitonin gene-related peptide (CGRP) and inflammatory cytokines such as interleukins 4, 5 and 13 (IL-4, IL-5 and IL-13) are released. The differentiation-inducing or ‘promoting' function of Th2 cells is mediated by IL-4, the eosinophil maturation/survival-inducing function by IL-5, and the mucus hypersecretion/airway eosinophilia-inducing function by IL-13 (Xie et al., 2020). 

Adolescents who smoke and vape are more susceptible to these irritants. Cigarette smoke is rich in thousands of toxic substances that directly damage the airway epithelium and impair mucociliary clearance and may interfere with the action of inhaled corticosteroid preventer medications (RCPCH, 2026). The composition of vaping aerosols, which is not as well studied, also includes ultrafine particles, nicotine, and flavourings, which have been demonstrated to cause oxidative stress and airway inflammation (Pharmacy Network, 2025). Asthma is triggered further by respiratory infections such as viral infections like the common cold and influenza, which also worsen asthma by adding to airway hyperresponsiveness and mucus production, and a major cause of acute worsening of asthma during adolescence (UCD Children's Hospital, 2026).

Repeated cycles of inflammation and repair cause structural remodelling of airways, defined by smooth muscle hypertrophy, subepithelial fibrosis and angiogenesis. This remodelling renders lungs less reversible, which accounts for the gradual decrease in lung function seen in poorly controlled asthma. The effects on respiratory function are therefore twofold: acute exacerbations cause immediate and often fatal airway obstruction, chronic inflammation leads to structural changes which cause permanent impairment of respiratory function.

The Role of Peak Flow Monitoring in Asthma Self-Management

Peak flow monitors are a fundamental part of management of asthma, giving patients a useful, objective, and time-tracking tool for monitoring their lungs. Asthma severity is directly related to peak expiratory flow rate (PEFR) which a peak flow meter measures, as asthma worsens and airways narrow, the PEFR decreases (RCPCH, 2026). Regular monitoring helps patients to identify a decline in lung function before symptoms start to get worse, allowing early action to be taken and minimising the risk of a severe exacerbation.

The benefits of PFM are enhanced by using a personalised asthma action plan to define a green, yellow and red zone indicating the PEFR range that a person's device should be capable of reaching. A reading in the green zone is 80–100% of the patient's personal best, which is good control and no change in treatment is necessary. Yellow zone readings (50% to 80% of PBP) suggest worsening control and usually result in an increase in the amount of reliever medication or starting oral corticosteroid medication. Readings in the red zone (<50% of personal best) represent a very severe exacerbation requiring urgent medical attention (Asthma Zones 2025). 

Evidence-Based Lifestyle Recommendations

In adolescents with asthma, evidence-based lifestyle modifications are critical support for pharmacologic treatment. Non-pharmacological treatments are highly recommended as a key component of Global Initiative for Asthma (GINA) recommendations, which are summarised below in Table 1.

	Intervention
	Recommendation
	Evidence Grade

	Smoking cessation
	Strongly encourage cessation at every visit; provide access to counselling and cessation programmes; avoid environmental smoke exposure
	A

	Physical activity
	Encourage regular physical activity for general health benefits; provide advice on prevention and management of exercise-induced bronchoconstriction
	A

	Breathing exercises
	May be a useful supplement to pharmacotherapy
	B

	Healthy diet
	Encourage a diet high in fruit and vegetables
	B


Table 1: Evidence-Based Lifestyle Interventions for Asthma Management

Source: ( GINA, 2015)

Quitting smoking is the most important lifestyle change that a smoking asthamtic adolescent can make. Cigarette smoke irritates airways directly, aggravates asthma and interferes with inhaled corticosteroids (GINA 2025). Practitioners in the health care system should strongly urge a person to stop at every contact and make sure that they have access to behavioural counselling services and to medication. It is important to also remind adolescents to stay away from secondhand smoke, since the toxins from smoking can be inhaled by contact with dust, clothes, skin, and hair and can cause symptoms even when the smoke is outside the home (Xie et al., 2020).

Exercising regularly should be encouraged, due to the overall health benefits such as fitness in the cardiopulmonary system. Some people get their bronchi constricted by exercise, but this can be controlled with a short-acting beta-agonist inhaler, a good warm-up and conditioning. Not much can be recommended for one type of physical activity over another, however, swimming in particular may be highly tolerated by people with asthma, especially children (Tiotiu et al., 2024).

Some patients may find breathing exercises and structured breathing retraining programmes useful for improving the quality of their life and reducing their symptoms, and could be used as an adjunct to drug treatment (Jamshidi et al., 2026). Fruits and vegetables are also recommended as part of a healthy eating plan, as they contain antioxidants and anti-inflammatory compounds that could help control airway inflammation (BMC Public Health, 2026).

Conclusion

Treatment of asthma in adolescents is a complex issue, and the processes of airway inflammation and airway remodelling should be understood, together with the evidence base for non-pharmacological interventions, to enable effective management of the condition. This report has outlined the structure of the respiratory system; discussed how mechanical respiration and gas exchange occur; and investigated how irritants like smoking, vaping and respiratory infections can cause airway inflammation, increase mucus production, and lead to structural remodelling. The importance of peak flow monitoring as an aid to objective self-assessment and early recognition of deterioration has been judged and evidence-based lifestyle advice (such as stopping smoking, regular exercise, breathing exercises, and healthy eating) has been suggested. The best way to decrease the frequency of asthma exacerbations, a well-preserved lung function and better long term results for practice nurses working with adolescents in a GP asthma clinic is to incorporate physiological education into the practical application of self-management strategies.
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