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Understanding Asthma and the Respiratory System

[bookmark: _Toc232667437]Introduction
Asthma is a chronic inflammatory disease of the airways that can significantly affect an individual's health, well-being, and quality of life. It is one of the most common long-term respiratory conditions worldwide, affecting approximately 262 million people globally and causing over 450,000 deaths annually (World Health Organisation, 2024). In the United Kingdom, asthma affects millions of adults and children and remains a major public health concern (NHS, 2024). Asthma affects the airways that transport air into and out of the lungs. During an asthma attack, inflammation causes the airway lining to swell, smooth muscles surrounding the bronchioles to contract, and excess mucus is produced. These changes narrow the airways and restrict airflow, resulting in symptoms such as wheezing, coughing, chest tightness and shortness of breath (GINA, 2024). The term asthma originates from the Greek word aazein, meaning "to pant" or "gasp", and the condition was first recognised as a distinct respiratory disorder by Hippocrates around 450 BCE (Asthma + Lung UK, 2024).
Several factors increase an individual's risk of developing asthma. Genetic predisposition plays a significant role, as people with a family history of asthma are more likely to develop the condition. Individuals with allergic conditions such as eczema or allergic rhinitis are also at increased risk. Environmental factors, including exposure to tobacco smoke, air pollution and occupational irritants, have been associated with the development and worsening of asthma symptoms (World Health Organisation, 2024). Early childhood respiratory infections may also contribute to airway changes that increase susceptibility to asthma later in life.
Lifestyle factors are particularly important when considering asthma management in adolescents. Cigarette smoking exposes the respiratory system to numerous harmful chemicals that damage airway tissues and increase inflammation. Although vaping is often marketed as a safer alternative to smoking, emerging evidence suggests that vaping can still irritate the airways and worsen asthma symptoms (GINA, 2024). Adolescents who frequently attend social environments where smoking, vaping and respiratory infections are common may therefore be at greater risk of experiencing asthma exacerbations. Understanding how the respiratory system functions and how lifestyle choices influence respiratory health can help individuals make informed decisions that support long-term asthma control.

[bookmark: _Toc232667438]Structure of the Respiratory System and the Process of Mechanical Respiration
The respiratory system is responsible for supplying oxygen to the body's tissues and removing carbon dioxide produced during cellular metabolism. This process is essential for maintaining normal physiological function and energy production.
The respiratory system is divided into the upper and lower respiratory tracts. The upper respiratory tract consists of the nose, nasal cavity, mouth, pharynx and larynx. These structures filter, warm and humidify inhaled air before it enters the lungs. Mucus and cilia within the nasal passages help trap dust particles, microorganisms and other contaminants, reducing the risk of infection and irritation.
The lower respiratory tract includes the trachea, bronchi, bronchioles, alveoli and lungs. The trachea is supported by C-shaped cartilage rings that prevent collapse during breathing. It divides into the right and left primary bronchi, which enter each lung and branch repeatedly into smaller bronchioles. At the ends of the bronchioles are clusters of alveoli, which are specialised structures responsible for gas exchange (National Heart, Lung, and Blood Institute, 2022).
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Mechanical respiration, also known as pulmonary ventilation, refers to the movement of air into and out of the lungs. It consists of two phases: inspiration and expiration.
During inspiration, the diaphragm contracts and moves downward while the external intercostal muscles contract, lifting the rib cage upwards and outwards. These actions increase the volume of the thoracic cavity. According to Boyle's Law, as volume increases, pressure decreases. Consequently, intrapulmonary pressure falls below atmospheric pressure, allowing air to flow into the lungs (West and Cooper, 2022).
[bookmark: _Toc232667439]During expiration, the diaphragm and intercostal muscles relax. The thoracic cavity decreases in volume, increasing intrapulmonary pressure above atmospheric pressure and forcing air out of the lungs. Under normal conditions, expiration is a passive process. However, during exercise or respiratory distress, additional muscles may be recruited to assist breathing. In individuals with asthma, airway narrowing and inflammation increase airflow resistance, making both inspiration and expiration more difficult.

Gas Exchange in the Lungs
The primary function of the respiratory system is gas exchange. This process occurs within the alveoli and enables oxygen to enter the bloodstream while carbon dioxide is removed from the body.
The alveoli possess several adaptations that maximise the efficiency of gas exchange. Their walls are only one cell thick, minimising diffusion distance. They are surrounded by an extensive capillary network and have a moist lining that facilitates the dissolution and diffusion of gases. Collectively, the lungs contain approximately 300 million alveoli, providing a surface area of around 70 square metres for gas exchange (Gehr, 2010). Blood arriving at the lungs through the pulmonary arteries contains low levels of oxygen and high levels of carbon dioxide. When inhaled air reaches the alveoli, oxygen concentration is higher within the alveolar air than in the surrounding capillary blood. Oxygen therefore diffuses across the alveolar-capillary membrane into the bloodstream (National Heart, Lung, and Blood Institute, 2022).
Once in the blood, oxygen binds to haemoglobin within red blood cells and is transported throughout the body to support cellular respiration. Simultaneously, carbon dioxide concentration is higher in the blood than in the alveoli. Carbon dioxide, therefore, diffuses from the blood into the alveoli and is expelled from the body during exhalation.
[bookmark: _Toc232667440]Efficient gas exchange is essential for maintaining homeostasis. If oxygen delivery is reduced, cellular energy production decreases. Likewise, excessive accumulation of carbon dioxide can alter blood pH and impair organ function. Severe asthma exacerbations can interfere with gas exchange by reducing airflow to the alveoli, potentially resulting in hypoxaemia and respiratory distress.
Impact of Respiratory Irritants on Lung Tissue and Respiration
Individuals with asthma have hyperresponsive airways that react excessively to environmental irritants and allergens. Exposure to these triggers initiates an inflammatory response that contributes to airway obstruction and respiratory symptoms.
Common irritants include cigarette smoke, vaping aerosols, dust, pollen, mould, air pollution, animal dander and respiratory infections. When exposed to these substances, immune cells release inflammatory mediators such as histamine and leukotrienes, which contribute to airway inflammation and bronchoconstriction (Saqib, 2023).
The inflammatory response causes swelling of the airway lining, contraction of smooth muscle surrounding the bronchioles and increased mucus production. Together, these changes reduce airway diameter and significantly increase resistance to airflow. As a result, individuals must exert greater effort to breathe, leading to symptoms such as wheezing, coughing, chest tightness and shortness of breath.
Smoking is one of the most damaging respiratory irritants. Tobacco smoke contains more than 7,000 chemical compounds, many of which are toxic and carcinogenic (Rodgman and Perfetti, 2013). Smoking damages the cilia responsible for clearing mucus from the respiratory tract, increases airway inflammation and accelerates the decline in lung function. Research shows that smokers with asthma experience poorer disease control, more frequent exacerbations and increased rates of hospital admission compared with non-smokers (GINA, 2024).
Vaping has become increasingly common among adolescents. Although e-cigarettes generally contain fewer toxic substances than traditional cigarettes, they still expose users to chemicals capable of irritating respiratory tissues. Current evidence suggests that vaping may increase airway inflammation and contribute to worsening asthma symptoms, although the long-term effects continue to be investigated (GINA, 2024).
Respiratory infections such as influenza, COVID-19 and the common cold are also major triggers of asthma exacerbations. These infections increase airway inflammation and mucus production, which can significantly worsen symptoms and, in severe cases, require emergency medical treatment.

[bookmark: _Toc232667441]Monitoring Respiratory Function Through Peak Flow Readings
Effective asthma management relies on regular monitoring of respiratory function. One commonly used method is peak expiratory flow (PEF) monitoring.
A peak flow meter is a portable device that measures the maximum speed at which a person can exhale. Peak flow readings provide an objective indication of airway function and can identify changes in respiratory status before noticeable symptoms occur (NICE, BTS and SIGN, 2024).
Regular monitoring offers several benefits. Firstly, it enables early detection of worsening airway inflammation. Declining peak flow readings may indicate deteriorating asthma control and allow treatment adjustments before symptoms become severe. Secondly, peak flow monitoring can help individuals identify specific triggers by comparing readings with environmental exposures and activities. Thirdly, recorded measurements provide valuable information for healthcare professionals when reviewing asthma control and treatment effectiveness.
Many asthma action plans use a traffic-light system based on personal best peak flow readings. Values between 80% and 100% indicate good control, while lower readings may signal worsening asthma and the need for intervention (NICE, BTS and SIGN, 2024).
The development of digital health technologies has further enhanced asthma monitoring. Smartphone applications and electronic asthma diaries allow individuals to record symptoms, medication use and peak flow readings over time. Long-term monitoring supports evidence-based treatment decisions and promotes self-management. Research indicates that patients who actively engage in monitoring their condition often achieve better asthma control and experience fewer exacerbations (NICE, BTS and SIGN, 2024).

[bookmark: _Toc232667442]Evidence-Based Lifestyle Recommendations
Several lifestyle modifications can improve asthma control and reduce the risk of exacerbations. Adopting healthy habits alongside prescribed medical treatment can help individuals manage symptoms more effectively and improve their overall quality of life.

Smoking Cessation
Smoking cessation is one of the most effective interventions for individuals with asthma. Stopping smoking reduces airway inflammation, improves lung function and enhances the effectiveness of inhaled medications (GINA, 2024). It can also decrease the frequency and severity of asthma attacks, leading to better long-term disease control.

Avoidance of Vaping
Although vaping may be perceived as less harmful than smoking, individuals with asthma should avoid e-cigarette use due to the potential for airway irritation and inflammation (GINA, 2024). Avoiding vaping may help reduce respiratory symptoms and prevent unnecessary airway damage.

Medication Adherence
Consistent use of prescribed preventer inhalers is essential for controlling chronic airway inflammation. Poor adherence is associated with increased risk of asthma attacks and hospital admissions (NICE, BTS and SIGN, 2024). Patients should ensure they understand their medication regimen and inhaler technique.

Monitoring and Self-Management
Patients should regularly monitor symptoms and peak flow readings and follow personalised asthma action plans. Effective self-management has been shown to improve health outcomes and reduce exacerbation rates (NICE, BTS and SIGN, 2024). Early recognition of worsening symptoms allows prompt intervention and treatment adjustments.

Infection Prevention
Practising good hand hygiene and receiving recommended vaccinations, including annual influenza vaccination, can reduce the likelihood of respiratory infections that trigger asthma symptoms. Avoiding close contact with unwell individuals may also help reduce infection risk.

Physical Activity
Regular physical activity improves cardiovascular fitness, respiratory efficiency and overall well-being. Individuals experiencing exercise-induced symptoms should consult healthcare professionals regarding appropriate management strategies. When properly managed, exercise can contribute to improved lung function and general health.

Healthy Weight Management
Maintaining a healthy body weight may reduce asthma severity and improve respiratory function. A balanced diet combined with regular physical activity can support weight management and overall health. Excess body weight has been associated with poorer asthma control and increased symptom burden (Naveed, S. 2026)

Avoidance of Environmental Triggers
Individuals should identify and minimise exposure to personal asthma triggers whenever possible. This may include reducing exposure to allergens, improving indoor air quality and avoiding environments where smoking or vaping occurs. Limiting exposure to known triggers can help prevent asthma exacerbations and support better symptom control.

[bookmark: _Toc232667443]Conclusion
Asthma is a chronic inflammatory disease that affects the airways and can significantly impact an individual's quality of life. Understanding the structure and function of the respiratory system helps explain how airway inflammation, bronchoconstriction and mucus production contribute to respiratory symptoms and impaired gas exchange. Exposure to irritants such as smoking, vaping and respiratory infections can worsen airway inflammation and increase the likelihood of asthma exacerbations.
Effective asthma management requires a combination of medical treatment, regular monitoring and positive lifestyle choices. Peak flow monitoring enables early identification of deteriorating lung function and supports effective self-management. Lifestyle interventions, including smoking cessation, avoidance of vaping, medication adherence, physical activity and infection prevention, can significantly improve asthma control. Through education and proactive self-management, individuals with asthma can reduce symptoms, improve respiratory health and maintain a better quality of life.
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