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ABSTRACT 

Background: 
Vaping has emerged as a widespread behaviour among adolescents globally, raising 

growing concerns regarding its long-term respiratory health implications. While e-cigarettes 

are often marketed as safer alternatives to conventional smoking, emerging evidence 

suggests that adolescent use may be associated with a range of adverse respiratory 

outcomes. Given the vulnerability of the adolescent respiratory system, a systematic 

synthesis of available evidence is crucial to inform public health, clinical practice, and 

regulatory policies. 

Aim: 
This review aimed to systematically evaluate and synthesise the long-term effects of vaping 

on respiratory health among adolescents aged 10–19 years. 

Methods: 
A systematic literature review was conducted in accordance with PRISMA 2020 guidelines. 

Electronic databases searched included PubMed, EBSCOhost, and ProQuest. Pre-defined 

inclusion and exclusion criteria were applied, focusing on primary studies involving 

adolescents and reporting respiratory outcomes. Methodological quality was assessed using 

the Coughlan, Cronin, and Ryan checklist. Data were extracted using a standardised form 

and synthesised thematically. 

Results: 
From 1,327 records initially identified, 12 studies met the final inclusion criteria. Six major 

themes emerged: (1) chronic respiratory symptoms (cough, wheeze, bronchitic symptoms, 

and asthma exacerbations), (2) pulmonary function impairment (notably reduced FEV1/FVC 

in vapers), (3) pathophysiological mechanisms (airway inflammation and oxidative stress), 

(4) second-hand vapour exposure, associated with increased asthma risk in non-vaping 

adolescents, (5) dose and duration of use, with frequent or prolonged vaping linked to more 

severe symptoms, and (6) vaping, addiction, and psychosocial influences, highlighting peer 

pressure, marketing, and nicotine dependence as factors exacerbating risks. 

Conclusion: 
The findings indicate that adolescent vaping is consistently associated with adverse 

respiratory outcomes, with dose–response relationships suggesting cumulative harm. 

Evidence of impaired lung function and second-hand exposure further underscores the 
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public health relevance. Future longitudinal and experimental research is needed to 

establish causal mechanisms and inform targeted prevention strategies. 
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Chapter 1: Introduction and Background 

1.1 Introduction to the Topic 

The use of electronic cigarettes(e-cigarettes), commonly referred to as vaping, has surged 

among teenagers in recent years and is a growing public health concern both in the United 

Kingdom and globally (Action on Smoking and Health, 2024; Tattan-Birch et al., 2024). Vaping 

involves the inhalation of aerosolised liquids, often containing nicotine, flavourings, and a 

range of other chemicals produced by battery-operated electronic devices (Stefaniak et al., 

2022; World Health Organisation, 2024). While originally introduced as a smoking cessation 

aid for adults, vaping has quickly become widespread among adolescents, many of whom 

have never smoked conventional cigarettes (Famiglietti, Memoli and Khaitan, 2021). This shift 

has raised significant concern regarding the health implications for young people, whose 

respiratory systems are still developing and may be more vulnerable to inhaled substances 

(Gotts et al., 2019). 

This systematic review focuses specifically on the long-term effects of vaping on the 

respiratory health of teenagers. It aims to synthesise evidence relating to chronic respiratory 

outcomes, such as asthma, bronchitis, persistent cough, wheezing, and impaired lung 

function, following sustained e-cigarette use during adolescence. By narrowing the scope to 

this age group and these outcomes, the review addresses a critical gap in the literature, as 

most existing studies are either short-term, focus on adults, or fail to disaggregate data by age 

(Cuesta and Leone, 2019) 

The relevance of this research lies in its potential to inform clinical practice, public health policy, 

and education. As vaping rates continue to rise among young people, understanding the long-

term respiratory risks is essential for developing effective prevention strategies and regulatory 

measures (World Health Organisation, 2022; Action on Smoking and Health, 2024). This 

review seeks to build upon and extend existing knowledge, offering clarity and direction for 

future research and policy development in adolescent respiratory health. 

1.2 Background and Current Context 

The proliferation of vapes has dramatically transformed the landscape of nicotine use among 

young people worldwide (Yan et al., 2023). Since their commercial introduction in the early 

2000s, e-cigarettes have been promoted as a less harmful alternative to conventional tobacco 

smoking and as a cessation aid for adults seeking to quit smoking (Jackson et al., 2024) 

However, the rapid and widespread uptake of vaping among adolescents, many of whom have 
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never smoked traditional cigarettes, has prompted significant concern in both clinical and 

public health communities regarding the potential health consequences, particularly those 

relating to respiratory health (Kass et al., 2020) 

1.2.1 Overview of Vaping 

Vaping, also known as the use of electronic nicotine delivery systems (ENDS), involves 
inhaling an aerosol produced by heating a liquid that typically contains nicotine, flavours, and 

other chemicals (Centres for Disease Control and Prevention, 2024). Introduced in the early 

2000s as a smoking cessation aid for adults, e-cigarettes have evolved into a widely used 

product, especially among adolescents. These devices are often marketed as a safer 

alternative to traditional tobacco products; however, growing evidence challenges this 

perception, particularly regarding long-term respiratory health outcomes (Miyashita and Foley, 

2020). The appeal of vaping among adolescents is influenced by several factors, including the 

availability of flavoured products and the perception of reduced harm compared to 

conventional smoking, along with strong peer and social media influence, which contributes 

to the popularity of vaping among adolescents (Groom et al., 2021) The use of sleek, 

concealable devices like (JUUL) has further enhanced its appeal in this age group. Despite 

regulatory efforts in some countries, the prevalence of vaping among teenagers continues to 

rise, raising significant public health concerns. 

Unlike traditional smoking, where decades of research have established clear links to chronic 

respiratory diseases, the long-term effects of vaping remain uncertain due to its relatively 

recent emergence. However, early studies suggest associations with bronchial irritation, 

impaired lung development, and increased vulnerability to respiratory infections, which is 

particularly concerning given that adolescents' lungs are still developing (Jonas, 2022). 

Considering the physiological vulnerability of adolescents and their increasing exposure to 

vaping, it is crucial to evaluate the long-term respiratory effects of these products 

systematically. This dissertation aims to review the existing evidence through a systematic 

literature review, identifying potential respiratory health outcomes associated with adolescent 

vaping and assessing the strength and quality of current research. 

1.2.2 Types of Vapes. 

The use of e-cigarettes has become increasingly prevalent, with a wide range of devices 

available, including disposable e-cigarettes, pod systems, modified devices (commonly 

referred to as "mods"), and vape pens. (Bold et al., 2021) Disposable devices are particularly 
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popular among novice users (McCausland et al., 2020), while pod systems strike a balance 

between portability and performance, making them especially appealing to younger 

populations (Pepper et al., 2019). Modified devices, which offer extensive customisation and 

enhanced vapour production, are typically favoured by more experienced users (Choi et al., 

2021). Vape pens occupy an intermediate position, combining ease of use with some 

advanced features (He et al., 2024). User demographics differ across device types, with 

adolescents more frequently choosing disposables and pod systems (Jongenelis, 2023) 

1.2.3 Prevalence of vaping use 

Recent years have seen a marked increase in e-cigarette use among adolescents in the 

United Kingdom and globally. In the UK, data from Action on Smoking and Health (ASH) (2024) 

indicate that around 18% of 11–17-year-olds have tried vaping, and 7.2% report current use. 

The trend is similar in other countries as well. A global meta-analysis spanning 53 countries 

found that approximately 10.2% of school and college students are current e-cigarette users. 

Lifetime experimentation rates are as high as 22% (Albadrani et al., 2024). Notably, many 

adolescent vapers have never smoked conventional cigarettes, suggesting vaping is not 

merely replacing tobacco use but creating a new cohort of nicotine users (Hammond et al., 

2017). 

1.3 Rationale 
The systematic review by Lyzwinski et al. (2022) highlights the growing global concern 

regarding youth vaping and its associated respiratory health risks. Their study identifies clear 

links between e-cigarette use and respiratory conditions such as asthma, bronchitis, and acute 

respiratory distress in adolescents. However, the review also notes a significant gap in 

longitudinal data and limited research focused on specific populations, including adolescents 

in the UK. 

This proposed research builds on their findings by conducting a systematic review of the long-

term respiratory health effects of vaping, specifically among adolescents. It will contribute to 

the existing body of knowledge by providing a population-specific analysis relevant to health 

and focusing on long-term outcomes, addressing the gap in duration-focused studies, and 

offering insights to inform evidence-based policies and interventions aimed at reducing 

vaping-related harms in young people. By addressing an identified research gap, this study 

will support national efforts to protect adolescent health and reduce the long-term burden of 

preventable respiratory diseases associated with vaping. 
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1.4 Research questions 

• What is the effect of long-term vaping on respiratory health among adolescents? 

• What evidence exists on the long-term effects of vaping on adolescent respiratory 

health? 

• How do specific types of vaping relate to respiratory health problems? 

1.5 Research Aim 

• To explore the long-term consequences of vaping on respiratory health outcomes 

among adolescents from existing literature. 

1.6 Research Objectives 

• To identify existing evidence on the long-term effects of vaping on adolescent 

respiratory health. 

• To investigate the relationship between a specific type of vaping and specific 

respiratory health problems. 

• To highlight research gaps and provide recommendations for public health policy and 

further research. 

1.7 Chapter summary 

Chapter one has introduced the topic of adolescent vaping, defined its key components, and 
established its significance as a public health issue due to rising use and potential respiratory 

risks. The chapter outlined the background, current context, and the rationale for this 

systematic review, presenting clear research questions, aims, and objectives focused on the 

long-term respiratory effects of vaping among adolescents. With the foundation now 

established, Chapter 2 will provide a comprehensive review of the existing literature, critically 

examining the current evidence related to this important public health concern. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction to the Chapter 

This chapter provides an overview of respiratory health, encompassing its definition, clinical 

symptoms, types, epidemiological trends, risk factors, and outcomes. These foundational 

elements provide essential context for understanding the potential impact of vaping on 

respiratory health. The latter part of the chapter synthesises findings from recent systematic 

reviews to explore the association between e-cigarette use and respiratory outcomes in 

adolescents, highlighting key mechanisms, trends, and evidence gaps relevant to this 

growing public health concern. 

2.2 The Epidemiology of Respiratory Health 

2.2.1 Definition and Clinical Symptoms of Respiratory Health. 

Respiratory health refers to the efficient functioning of the respiratory system, encompassing 

the lungs, airways, respiratory muscles, and associated structures involved in ventilation and 

gas exchange (Hsia et al., 2016). It includes the capacity to inhale oxygen, exhale carbon 

dioxide, maintain airway patency, and initiate immune responses against pathogens (National 

Heart, Lung, and Blood Institute, 2022). 

Optimal respiratory health is vital for sustaining physical activity, cognitive development, and 

overall well-being (Man et al., 2023). When compromised, respiratory health presents with 

clinical symptoms such as chronic cough, wheezing, dyspnoea, chest tightness, sputum 

production, recurrent infections, and reduced exercise tolerance, often indicating underlying 

inflammation, disease, or obstruction (Hirons et al., 2023) 

In adolescents, these symptoms may be mild or misdiagnosed, complicating timely 

intervention (Al-Shamrani et al., 2019). As the lungs continue to develop throughout 

adolescence, early detection is essential. 
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2.2.2 Types of respiratory health 

Respiratory health can be conceptualised through multiple domains, each highlighting 
distinct aspects of lung structure and function (Haddad and Sharma, 2023). These include 
the Structural, Functional, Immunological, Environmental and lifestyle-related and 
developmental respiratory health (Pouptsis et al., 2025) 

Structural respiratory health pertains to the anatomical integrity of the lungs, bronchi, alveoli, 

and diaphragm; abnormalities such as bronchiectasis or congenital malformations, which may 

impede airflow and gas exchange (Cuppari et al., 2019). 

Functional respiratory health evaluates the efficiency of ventilation and is typically assessed 

via spirometry measures such as Forced Expiratory Volume in 1 second (FEV₁) and Forced 

Vital Capacity (FVC), with reduced values indicating diseases like asthma or chronic 

obstructive pulmonary disease (COPD) (Global Initiative for Asthma, 2023). 

Immunological respiratory health concerns the system’s ability to combat infections and 

allergens (Edwards et al., 2017). 

Environmental and lifestyle-related respiratory health reflects the influence of external 

exposures, such as air pollution, tobacco smoke, and e-cigarette aerosols, on pulmonary 

function (Miyashita and Foley, 2020). According to Coppeta et al. (2018), the use of electronic 

cigarettes exacerbates pulmonary problems. 

Finally, developmental respiratory health is especially relevant to adolescents, whose lungs 

are still maturing, making them more susceptible to long-term impairment from inhaled toxins 

like those found in vaping products (Jonas, 2022). 

2.2.3 Prevalence and incidence of respiratory health 

The World Health Organisation (2024b) reports that chronic conditions such as asthma, 

chronic obstructive pulmonary disease (COPD), and respiratory infections are especially 

prevalent among children and adolescents across both high- and low-income countries. These 

Chronic respiratory diseases continue to pose a substantial global health burden. In 2017, 

these conditions affected approximately 544.9 million individuals worldwide, 
representing 7.1% of the global population (Adhikari et al., 2023). Prevalence was highest in 

high-income countries (~10.6%) and lowest in sub-Saharan Africa (~5.1%) (Soriano et al., 

2020). 

9 



  

            

      

     

     

 

           

       

      

 

         

         

            

       

      

        

          

   

     

 
             

    

        

    

    

        

    

   

  

  
 

             

   

Asthma remains one of the most common respiratory illnesses globally, affecting an 

estimated 235 to 262 million people between 2011 and 2019 (World Health Organisation, 

2024). Among adolescents aged 10–19 years, global asthma prevalence in 2021 was 

estimated at 3.64%, a figure that, while reduced from previous decades, remains concerning 

(Kim et al., 2025) 

Respiratory infections continue to contribute significantly to global childhood morbidity and 

mortality. In 2019, an estimated 33 million cases of respiratory syncytial virus (RSV)-

associated with lower respiratory infections occurred in children under five years (Li et al., 

2022). 

In the United Kingdom, chronic lung diseases affect approximately 20% of the population, 

imposing a substantial burden on healthcare services and quality of life (Parker et al., 2014; 

Royal College of Physicians, 2021). Asthma is the most prevalent chronic respiratory condition 

among children, affecting 5% of the population, with 1.1 million children currently receiving 

treatment (Royal College of Physicians, 2021). Regional data reveal disparities: asthma 

prevalence in 2019 ranged from 7% in Northern Ireland to 15.9% in Wales (Quinn et al., 2020). 

Hospital admission data further highlight inequalities, with emergency asthma admissions 

disproportionately higher in deprived and ethnic minority communities (The Guardian, 2025). 

2.2.4 Risk Factors of Respiratory Health 

Respiratory health is influenced by a combination of modifiable and non-modifiable risk factors 

shaped by the complex interplay of genetic, behavioural, and environmental determinants 

(Bush et al., 2024). These factors affect the onset, progression, and severity of respiratory 

conditions such as asthma, chronic bronchitis, and other lung diseases, particularly among 

vulnerable populations, including adolescents (Wypych-Ślusarska, Krupa-Kotara and 

Niewiadomska, 2022). Exposure to air pollutants, occupational and environmental allergens, 

tobacco smoke, respiratory infections, obesity, sedentary lifestyle, and, increasingly, vaping or 

e-cigarette aerosols have all been associated with adverse respiratory outcomes (Gotts et al., 

2022) 

2.2.4.1 Modifiable Risk Factors 

These are behavioural or environmental factors that can be altered through individual action 

or public health interventions. 
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Active smoking or second-hand smoke is a leading risk factor for chronic respiratory diseases. 

Vaping, increasingly common among adolescents, is also associated with airway inflammation 

and impaired lung development (Gambadauro et al., 2025). Long-term exposure to outdoor 

pollutants (e.g., PM2.5, nitrogen dioxide) and indoor air contaminants (e.g., cooking fumes, 

mould) contributes to respiratory morbidity (Clark et al., 2023). 

In addition, inhalation of allergens, dust, or chemicals in school, home, or early work 

environments can trigger or worsen respiratory symptoms (Kelly and Poole, 2019). Frequent 

or severe infections, particularly during early life, can cause lasting damage to lung tissue 

(Lloyd and Saglani, 2023). 

Excess body weight may impair lung mechanics, while low physical activity levels reduce 

pulmonary fitness (Svartengren et al., 2020) 

Use of e-cigarettes and inhaling substances such as cannabis has been linked to increased 

respiratory symptoms and reduced lung function in adolescents (Tackett et al., 2023). 

2.2.4.2 Non-Modifiable Risk Factor 

These are inherent characteristics that cannot be changed but may guide screening and 
prevention efforts. 

A wide range of determinants influence respiratory health, with genetic predisposition, age, 

sex, ethnicity, and socioeconomic status consistently highlighted in the literature. Genetic 

markers have been shown to predispose individuals to reduced pulmonary function, with 

evidence indicating a strong interaction between these biological factors and broader 

socioeconomic conditions (Quanjer, 2015). Similarly, age and sex play crucial roles, as 

respiratory conditions tend to present differently across developmental stages and between 

males and females. Ethnicity also emerges as a key determinant, with minority ethnic groups 

frequently experiencing poorer respiratory outcomes; these disparities are often exacerbated 

by socioeconomic disadvantage (Martinez et al., 2015; De Boer et al., 2018). Furthermore, 

children from socioeconomically deprived backgrounds are particularly susceptible to 

respiratory diseases, largely due to increased exposure to adverse environmental conditions 

such as air pollution and inadequate housing (Cortés-Ramírez et al., 2021; Mathiarasan and 

Hüls, 2021). 
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2.2.5 Outcomes and cost of respiratory health. 

Chronic respiratory diseases, including asthma, pose a major global health challenge, marked 

by the increase in prevalence and mortality rates (Khaltaev and Axelrod, 2019). 

Asthma results in substantial health costs and imposes a significant economic burden, 

causing an estimated 250,000 to 461,000 deaths annually (Serebrisky and Wiznia, 2019). 

COPD similarly presents a considerable global challenge, accounting for 3.65 million deaths 

in 2021, representing nearly 5% of all global deaths that year (World Health Organisation, 

2024a) 

Respiratory infections, particularly those caused by respiratory syncytial virus (RSV), have a 

significant impact on child health, accounting for a substantial proportion of the 33 million 

lower respiratory infections reported in 2019 (Shi et al., 2017). The economic repercussions 

of these conditions are profound, placing considerable strain on healthcare systems and 

society and highlighting the urgent need for effective interventions (Díez-Domingo et al., 

2014). 

COPD presents a significant economic challenge worldwide: a recent macroeconomic 

analysis estimates that the disease will cost the global economy approximately 4.3 trillion 

international dollars (INT$4.3 trillion) from 2020 to 2050 due to productivity losses, treatment 

expenses, and broader economic impacts (Chen et al., 2023). In the United Kingdom, 

respiratory conditions exert considerable pressure on both the NHS and society at large, 

with chronic lung illnesses such as asthma and COPD costing around £3 billion and £1.9 

billion annually, respectively. Together, all lung diseases contribute approximately £11 billion 

to NHS expenditure each year (Mukherjee et al., 2016). 

Respiratory infections, particularly influenza and pneumonia, contribute significantly to 

healthcare demand. During the 2017–2018 season, England accounted for 45,000 to 46,000 

hospital admissions due to influenza alone (Moss et al., 2020). Additionally, over 25,000 

individuals die annually in the UK from pneumonia, further highlighting the substantial burden 

on health services (Asthma + Lung UK, 2022). 

Hospital admission trends further highlight the burden in the UK. In England, asthma-related 

emergency admissions among those under 19 years were 174 per 100,000 in 2017/18 (Alwafi 

et al., 2023). Hospital admission trends further highlight the burden of asthma in the UK. In 

England, the rate of emergency hospital admissions for asthma among children and young 

people aged under 19 years was 174 per 100,000 in the 2017–2018 period (Royal College of 
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Paediatrics and Child Health, 2020). More troublingly, asthma-related hospitalisations in 

children rose from roughly 7,850 to 19,506 cases between 2021 and 2022, a surge attributed 

in part to increased respiratory virus exposure post-COVID lockdowns (Asthma and Lung UK, 

2023). Moreover, respiratory conditions accounted for 868,212 emergency NHS admissions 

in 2023–24, representing one in eight unplanned admissions in England (Campbell, 2024). 

The economic consequences are further magnified by rising GP visits for asthma, which 

increased by 45% in early 2025 (Gregory, 2025). This is tied to polluted air, resulting in an 

estimated healthcare and productivity costs of around £27 billion annually (Royal College of 

Physicians, 2025) 

2.3 Relationship between vaping and respiratory health. 

The emergence of electronic nicotine delivery systems (ENDS), commonly known as e-
cigarettes or vapes, has significantly altered adolescent substance use trends. Marketed as a 

less harmful alternative to traditional tobacco, vaping has gained substantial popularity among 

adolescents, raising concerns about its impact on respiratory health. This section synthesises 

findings from three recent systematic literature reviews to explore the potential relationship 

between adolescent vaping and respiratory outcomes. 

A systematic review by Honeycutt et al. (2022) assessed the effects of e-cigarette use on lung 

function across eight studies, involving both adolescent and young adult participants. The 

results showed that vaping was linked to increased airway resistance and short-term irritation, 

although there was no significant effect on standard spirometry measures such as FEV₁ or 

FVC in the short term (Kotoulas et al., 2020). However, the authors warned that these findings 

were limited by small sample sizes and a lack of long-term follow-up data, emphasising the 

need for further research, especially in adolescent populations whose lungs are still 

developing. 

Lyzwinski et al. (2022) systematic review explored the global epidemiology of youth vaping 

and its association with respiratory symptoms. Synthesising results from over 25 cross-

sectional and longitudinal studies, this review found consistent associations between e-

cigarette use and self-reported respiratory symptoms such as chronic cough, wheezing, and 

bronchitis-like symptoms in adolescents (Brose et al., 2024). Notably, these associations 

persisted even after adjusting for confounding variables such as prior tobacco use, suggesting 

a potential independent effect of vaping on respiratory health (Alnajem et al., 2020). The 

review also highlighted that dual use of (vaping and smoking) was more strongly associated 

with adverse respiratory outcomes than exclusive vaping (Patel et al., 2023). 
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A more recent systematic review by Mughis et al. (2024), published in Cureus, examined 

the toxicological mechanisms underpinning respiratory effects associated with e-cigarette use. 

The review followed PRISMA guidelines and included both human and animal studies 

published between 2014 and 2024. It identified multiple pathophysiological mechanisms, 

including inflammatory responses, oxidative stress, and impaired mucociliary clearance, 

which may explain the observed respiratory effects in adolescents (Wills et al., 2021). These 

mechanisms are particularly concerning given the increased biological vulnerability of 

adolescents during lung development. 

Collectively, these systematic reviews suggest a growing body of evidence linking vaping to 

adverse respiratory outcomes in adolescents. While limitations exist, such as heterogeneity in 

study designs, short follow-up durations, and reliance on self-reported data, there is emerging 

consensus that vaping is not harmless. However, it may independently contribute to the onset 

or exacerbation of respiratory symptoms and may disrupt normal pulmonary development 

(Bourke, Sharif and Narayan, 2021). 

The reviews also identify critical gaps in the literature. There is a marked lack of longitudinal 

cohort studies with objective clinical measures and extended follow-up periods. Moreover, 

further research is needed to disentangle the effects of frequency, duration, and nicotine 

concentration in e-liquids on adolescent respiratory outcomes. 

In conclusion, current systematic reviews provide credible preliminary evidence of a 

detrimental relationship between vaping and respiratory health in adolescents. Given the rapid 

increase in vaping among young people and the potential for long-term harm, these findings 

have significant implications for clinical practice, public health interventions, and policy 

development. 

2.4 Chapter Summary 

This chapter provided an overview of respiratory health, including its definition, symptoms, 
epidemiology, risk factors, and associated outcomes. It also examined evidence from recent 

systematic reviews, which indicates a potential link between adolescent vaping and adverse 

respiratory effects such as wheezing, cough, and airway inflammation. Although 

methodological gaps limit current findings, they highlight the need for further research and 

inform future public health strategies. The next chapter 3 outlines the methodology of this 

systematic review, detailing the search strategy, selection criteria, quality appraisal tools, and 

adherence to PRISMA guidelines to ensure transparency and rigour. 
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CHAPTER 3: METHODOLOGY 

3.1 Introduction to Chapter 

This chapter outlines the methodological framework adopted for the systematic literature 

review exploring the long-term respiratory health effects of vaping among adolescents. It 

details the research design, justification for selecting a systematic review approach, and the 

procedures used to identify, select, appraise, and synthesise relevant literature. 

The chapter begins by employing a systematic literature review methodology. It then describes 

the eligibility criteria, databases and search strategies used, including Boolean operators and 

keyword combinations. The inclusion and exclusion criteria are delineated to ensure 

transparency and replicability. 

3.2 Systematic Literature Review (SLR) 

A systematic literature review (SLR) is a rigorous and comprehensive approach to identifying, 

evaluating, and synthesising existing research on a defined topic, thereby offering a robust 

understanding of the current state of knowledge (Cabrera and Cabrera, 2023). The primary 

objective of a SLR is to consolidate findings from multiple studies to inform practice and shape 

future research directions, ensuring that conclusions are drawn from a balanced and critical 

appraisal of the literature (Sauer and Seuring, 2023). 

Key stages in conducting an SLR include formulating a clearly defined research question, 

establishing inclusion and exclusion criteria, systematically searching relevant databases, 

selecting studies based on predefined parameters, extracting data, and synthesising the 

results (Pati and Lorusso, 2018). 

By emphasising methodological transparency and coherence, SLRs support the synthesis of 

knowledge that identifies trends, research gaps, and inconsistencies within the existing 

evidence base. This, in turn, enhances evidence-informed decision-making in both academic 

and practical contexts (Thomé, Scavarda and Scavarda, 2016; Mengist, Soromessa and 

Legese, 2020). The strength of this approach lies in its ability to produce conclusions grounded 

in a thorough and methodical appraisal of the literature. 

3.3 Search Strategy 
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A search strategy in research is a structured and systematic plan used to locate relevant 

literature and evidence across various sources, particularly academic databases (Aromataris 

and Riitano, 2014). It is a critical component of evidence-based research and systematic 

reviews, ensuring that the search process is comprehensive, transparent, and reproducible 

(Miller and Fleming, 2016). 

For this review, a comprehensive search was conducted across multiple academic databases, 

including PubMed, ProQuest, and EBSCOhost. To ensure breadth and depth, combinations 

of controlled vocabulary (e.g., MeSH terms) and free-text keywords were used. Boolean 

operators such as “AND,” “OR,” and “NOT” were applied to refine the search results. 

Truncation and phrase searching techniques were also utilised to increase the inclusivity of 

the search. 

The PEO (Population, Exposure, Outcome) framework was employed to structure the search 

strategy, as it is particularly suitable for qualitative and public health-related research (Kabir 

et al., 2023). 

This framework guided the formulation of search terms, ensuring alignment with the review’s 

objectives. To maintain relevance and reflect current evidence, the search was limited to 

studies published between January 2013 and May 2025, capturing a period during which 

vaping products became increasingly prevalent among adolescents and public health 

concerns intensified. 

3.4 Search terms 

Search terms are specific words or phrases used to retrieve relevant literature during the 

research process (Marcos-Pablos and García-Peñalvo,2018). In academic research, 

particularly in systematic reviews, search terms represent the core concepts of a research 

question and are used to guide database searches. They form the foundation of a search 

strategy by enabling researchers to identify studies that directly align with the topic under 

investigation (Paez, 2017) 

The primary purpose of using search terms is to ensure that the search process is systematic, 

transparent, and replicable, which is crucial for academic rigour (Hardwicke et al., 2020). Well-

chosen search terms improve the precision and comprehensiveness of literature searches, 

reducing the risk of overlooking key studies or including irrelevant ones. They also help to 

define the scope of a review, ensuring alignment with the research aim and objectives (Cooper 

et al., 2018) 
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For the chosen topic, the long-term respiratory health effects of vaping among adolescents, 

the PEO components were defined as follows: Population (P): Adolescents (typically aged 10– 

19). Exposure (E): Vaping or electronic cigarette use. Outcome (O): Long-term respiratory 

health effects (e.g., asthma, bronchitis, reduced lung function) 

The use of synonyms is essential in constructing an effective search strategy because different 

authors may use varied terminology to describe the same concept (Childers-Kakos, 2022) For 

example, in the context of adolescent vaping, terms such as e-cigarettes, vape, electronic 

nicotine delivery systems (ENDS), and vaping devices may all refer to the same exposure. By 

incorporating synonyms and related terms, the search becomes more inclusive, maximising 

the retrieval of relevant literature. This reduces the likelihood of missing studies due to 

variations in language, spelling, or regional terminology (e.g., UK vs. US English) (Eriksen and 

Frandsen, 2018). 

The PEO framework identified relevant keywords and synonyms for each component to 

develop a comprehensive and inclusive search strategy. The term adolescents was used for 

the Population (P), alongside synonyms and related terms such as teenagers, youth, young 

people, and students. This ensured that studies using varying terminology to describe the 

target age group were captured. 

For the Exposure (E), which in this review refers to vaping, several search terms were 

identified. These included vaping, e-cigarettes, electronic cigarettes, electronic nicotine 

delivery systems (ENDS), and vape devices. Including these synonyms was essential 

because different studies may use varied terminology depending on the region or publication 

context. 

Regarding the Outcome (O), the main emphasis was on long-term respiratory health effects. 

Therefore, keywords such as respiratory health, lung function, asthma, bronchitis, 

wheezing, pulmonary effects, and chronic cough were included. 

To build effective search strings, Boolean operators were used to combine these terms. The 

operator “OR” was used to link synonyms within the same PEO category to broaden the 

search. For example: 

• (adolescents OR teenagers OR youth OR "young people") 

• (vaping OR e-cigarettes OR "electronic cigarettes" OR ENDS OR "vape 

devices") 

17 



  

                

    

         

       

              

      

           

       

        

  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Then, the operator “AND” was used to combine the different PEO components to narrow the 

search to studies that include all three aspects: 

• (adolescents OR teenagers OR youth) AND (vaping OR e-cigarettes OR 

ENDS) AND (asthma OR “respiratory health” OR “lung function”) 

This structured and layered approach ensured that the search was both comprehensive and 

focused, allowing the retrieval of a wide range of relevant studies while maintaining alignment 

with the review objectives. By combining controlled vocabulary (e.g. MeSH terms in PubMed) 

and free-text keywords across databases such as PubMed, ProQuest, and EBSCOhost, the 

reliability, validity, and reproducibility of the literature search process were significantly 

enhanced. 
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Table 1: 
PEO TABLE 
PEO Component Definition in this Review Application to the SLR 

Population (P) Adolescents aged 10–19 

years, male and female, 

from any geographic, 

social, or cultural 

background. 

The review focuses 

exclusively on adolescents 

within the WHO definition 

of adolescence. Studies 

with mixed populations 

were only included if 

adolescent-specific data 

could be extracted. 

Exposure (E) Vaping / e-cigarette use 

(including frequency, 

duration, nicotine 

concentration, and device 

type). Studies also 

considered second-hand 

vapour exposure where 

assessed. 

Captures all forms of 

vaping behaviour 

and exposure, regardless 

of device generation or 

nicotine content, as long 

as the study links this 

exposure to respiratory 

outcomes. 

Outcome (O) Respiratory health 

outcomes, including: 

– Chronic respiratory 

symptoms (wheeze, 

cough, phlegm, 

breathlessness) 

– Pulmonary function 

impairment (e.g., FEV1, 

FVC, lung capacity) 

– Pathophysiological 

changes (oxidative stress, 

airway inflammation) 

– Asthma exacerbations, 

hospitalisations, or other 

morbidity indicators. 

Ensures that only studies 

reporting outcomes directly 

related to respiratory 

health were included. 

Excludes studies focused 

solely on cardiovascular, 

neurological, or smoking 

cessation outcomes. 
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3.5 Keywords 

Keywords play a crucial role in academic research, significantly enhancing the precision of 

literature retrieval and completeness. They facilitate the effective identification of relevant 

studies, thereby improving the overall quality of research results (Sesagiri Raamkumar, Foo, 

and Pang, 2017). The effective selection of keywords can directly influence the visibility and 

accessibility of scholarly work in digital databases (Pottier et al., 2024). 

The main words used in this review are adolescents, teenagers, youth, vaping, e-cigarettes, 

ENDS, vape devices, respiratory health, lung function, asthma, bronchitis, wheezing, 

pulmonary effects, and chronic cough. 

3.6 Databases 

To retrieve academic sources for this systematic literature review, a structured search was 

conducted using carefully selected keywords and Boolean operators across multiple scholarly 

databases. The databases used were PubMed, EBSCOhost, and ProQuest. These platforms 

were chosen for their extensive coverage of health, nursing, and public health research. 

Searching multiple databases is crucial for achieving a comprehensive and unbiased review. 
No single database encompasses all relevant literature; therefore, relying solely on one source 

may result in the omission of critical studies (Briscoe, 2015). For example, PubMed is essential 

for biomedical literature, CINAHL focuses on nursing and allied health, and ProQuest includes 

grey literature and dissertations (Paez, 2017b). Combining databases broadens the scope, 

increases reliability, and reduces publication bias (Bramer et al., 2017). 

For this review of the long-term respiratory health effects of vaping among adolescents, the 

following databases were searched: PubMed, EBSCOhost, and ProQuest, ensuring the depth 

and breadth of the evidence base. 

3.7 Inclusion/Exclusion Criteria 

Inclusion and exclusion criteria are predefined rules used to determine which studies are 

relevant to a research question and should be included or excluded from a systematic review. 

They enhance the rigour, transparency, and reproducibility of the review process by ensuring 

consistency in study selection (Higgins, 2019). Inclusion criteria identify studies that align with 
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the review’s objectives, while exclusion criteria eliminate those that lack relevance or quality. 

This process reduces bias and improves the reliability of findings (Peters et al., 2020). 

3.7.1 Inclusion Criteria 

• Studies targeting adolescents as the primary population. 

• Research specifically examining awareness or knowledge of respiratory diseases 

caused by vaping 

• Studies conducted in diverse settings, including communities, educational 

institutions, and healthcare facilities. 

• Studies carried out in any geographical location (worldwide). 

• Articles published in peer-reviewed journals ensure credibility and academic quality. 

• Inclusion of studies employing both quantitative and qualitative research methods. 

• Only articles published in the English language. 

3.7.2 Exclusion Criteria 

• Studies that do not specifically explore awareness or knowledge of respiratory 

outcomes caused by vaping 

• Research that does not involve young adults as the target population. 

• Non-peer-reviewed sources, including conference abstracts and unpublished 

dissertations. 

• Studies not conducted in community, educational, or healthcare settings. 

• Articles not published in the English language. 

A total of 1,327 records were initially identified through systematic searches across electronic 

databases, including PubMed, ProQuest and EBSCOhost. After removing 248 duplicates, 

1,079 records remained for title and abstract screening. This initial screening was guided by 

the predefined inclusion and exclusion criteria outlined in Chapter 3.7.1 and 3.7.2. Studies 

were excluded at this stage if they focused on adult populations, non-respiratory outcomes, 

or. Studies not conducted in community, educational, or healthcare settings. 
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Following this, 892 studies were excluded, leaving 187 full-text articles assessed for 

eligibility. 

Full-text screening was conducted to assess the methodological quality and relevance 

further. Studies were excluded at this stage for several reasons: failure to report on long-

term outcomes (n = 62), insufficient data on adolescent populations (n = 41), non-original 

research such as editorials or commentaries (n = 31), and lack of outcome specificity related 

to respiratory health (n = 22). After this rigorous process, 31 studies met the final inclusion 

criteria and were included in the review. 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 

flow diagram was used to illustrate the study selection process. This flowchart provides a 

transparent and structured representation of how the studies were screened, excluded, and 

ultimately selected. The PRISMA diagram enhances methodological transparency and helps 

readers visualise the elimination of irrelevant studies at each stage. 

The included studies varied in design, including cohort (n = 12), cross-sectional (n = 15), and 

case-control (n = 4) methodologies. The selected literature spanned a range of countries 

and publication years, contributing to a comprehensive understanding of the long-term 

respiratory implications of adolescent e-cigarette use. (See figure 1 below) 
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Figure 1: PRISMA flow chart 
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3.9 Ethical Considerations 

Records removed before screening: 
Duplicate records removed (n =248) 
Records removed for other reasons 
(n = 892) 

Records excluded** 
-text articles excluded, with reasons: 

No long-term outcomes: (n = 62) 

- Insufficient adolescent data: n = 41 
- Non-original research 
(editorials/commentaries): (n = 31) 
- Not specific to respiratory health: n = 22 
Total excluded at full-text stage: n = 156) 

Reports excluded: 
Wrong Population (Adolescents not 
reported separately) (n = 6) 

Not Primary Research (n = 4) 

Outcomes Not Aligned with Respiratory 
Health (n = 9) 

Ethics in research refers to the principles and standards that guide responsible and respectful 

conduct during the research process, ensuring the protection of participants’ rights, dignity, 

and welfare (Huang et al., 2014). In this review, ethical considerations were upheld by 

including only peer-reviewed studies, which are assumed to have undergone ethical approval 

23 



  

         

      

          

     

               

  

  

   
 

            

       

        

     

   

           

           

     

 

 

 

 

 

 

 

 

 

 

 

 

through institutional review boards before publication. This ensures that participant consent, 

data confidentiality, and research integrity were maintained (Costa et al., 2024). 

By critically appraising studies using the established tools such as the Coughlan, Cronin, and 

Ryan (2007) checklist, ethical transparency and research quality were further evaluated before 

including them in the review (Skelton et al., 2020). This strengthens the credibility of the 

findings. 

3.10 Chapter Summary 

This chapter outlined the methodological approach used to conduct the systematic literature 

review, including the development of the search strategy, application of the PEO framework, 

use of relevant databases, and the establishment of clear inclusion and exclusion criteria. It 

also emphasised the importance of using peer-reviewed studies and considering ethical 

implications in selecting high-quality literature. A transparent and replicable process was 

followed to ensure the credibility of findings. The next chapter will present Data Evaluation, 

including the critical appraisal of selected studies using established tools and frameworks to 

assess their validity, reliability, and relevance to the research question. 
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CHAPTER 4: DATA EXTRACTION AND EVALUATION 

4.1 Introduction to Chapter 

This chapter outlines the process of data extraction and the critical appraisal of studies 

included in the systematic literature review. It describes how relevant information was 

systematically gathered from the selected studies and evaluated for quality, rigour, and 

relevance. This chapter guarantees the review's findings are reliable by conducting a 

comprehensive evaluation of study designs, techniques, strengths, and limitations. Finally, this 

chapter will strengthen the review’s credibility and confirm the findings from the analysed 

literature. 

4.2 Data Extraction 

Data extraction is the systematic process of collecting key information from selected studies 

to enable structured analysis and synthesis within a systematic review (Tacconelli, 2010). It 

ensures consistency, transparency, and reduces the risk of bias during the review process 

(Munn et al., 2018). 

For this review, a pre-designed data extraction form was used to collate essential study 

characteristics. The information extracted included: First author(s) and year of publication, 

country of study, study design (e.g. cross-sectional, cohort), population demographics (age 

range, sample size), type of exposure (vaping or e-cigarette use), outcomes measured (e.g. 

respiratory symptoms, lung function), and key findings. Additional data, such as follow-up 

duration, statistical methods, and limitations, were also recorded where applicable to support 

evaluation. 

4.3 Brief introduction to critical appraisal and paper quality 
assessment 

Critical appraisal is the systematic evaluation of research evidence to assess its validity, 

reliability, and relevance before applying it to practice or incorporating it into a review (Burls, 

2009). It involves assessing a study’s methodological quality, potential sources of bias, and 

the appropriateness of its design, data analysis, and conclusions (Ma et al., 2020) 

In the context of a systematic literature review, critical appraisal is essential for distinguishing 

between high-quality and low-quality studies (Munn et al., 2014). This process ensures that 
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only robust and credible evidence contributes to the final synthesis, thereby improving the 

reliability of the review’s conclusions. Without critical appraisal, there is a risk of incorporating 

flawed or biased studies, which could lead to inaccurate or misleading recommendations. 

Appraising research papers also supports transparency and academic rigour, as it enables 

researchers to justify the inclusion or exclusion of studies based on methodological merit. 

Ultimately, critical appraisal strengthens the evidence base for informing clinical practice, 

public health policy, and future research directions. 

4.4 Critical Appraisal Tools 

A critical appraisal tool is a structured checklist or framework used to systematically assess 

the quality, validity, and relevance of research studies (Haile, 2021). These tools offer a 

standardised method to evaluate key methodological aspects of a study, such as the clarity of 

the research question, suitability of the study design, sampling techniques, data collection and 

analysis methods, possible sources of bias, and the strength of the findings (Mallet et al., 

2012). 

Selecting the appropriate critical appraisal tool is crucial, as different tools are designed to 

appraise various types of studies, including qualitative research, quantitative studies, and 

mixed-methods designs. Using the wrong tool may lead to inaccurate assessments and 

compromise the reliability of the review. For example, the Critical Appraisal Skills Programme 

(CASP) checklist is widely used for qualitative studies. In contrast, tools such as the STROBE 

checklist and the framework by Coughlan, Cronin, and Ryan (2007) are suitable for 

observational quantitative research. 

The purpose of these tools is not only to identify high-quality research but also to highlight 

limitations, guide inclusion decisions, and promote transparency in the review process. A well-

chosen appraisal tool supports the integrity and credibility of the systematic review, ensuring 

that conclusions are based on sound and trustworthy evidence. 

4.5 Evaluation of Quantitative Studies 

Critical appraisal is essential for evaluating the validity, reliability, and relevance of evidence 

in systematic literature reviews. The current review used the Coughlan, Cronin, and Ryan 

(2007) quantitative appraisal checklist, which examines the clarity of objectives, 

appropriateness of methodology, recruitment methods, sample size, validity of exposure and 

outcome measures, ethical considerations, data analysis, and the justification of 
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conclusions. This framework was chosen over alternatives such as the STROBE 

statement (von Elm et al., 2007) and the Newcastle-Ottawa Scale (NOS) (Wells et al., 2012) 

because of its adaptability to both cross-sectional and cohort studies, which are common in 

research on adolescent vaping and respiratory health. 

A total of twelve quantitative studies were evaluated (see Appendix 2 for complete tables). 

Of these, eight used cross-sectional designs (Brose et al., 2024; Kurdyś-Bykowska et al., 

2024; McConnell et al., 2017; Kim et al., 2017; Schweitzer et al., 2017; Wills et al., 2020; 

Bayly et al., 2019; Alnajem et al., 2020; Wang et al., 2016), while four used cohort 

designs (Cherian et al., 2021; Stevens et al., 2022; Tackett et al., 2024; McConnell et al., 

2017). Collectively, these studies encompass a range of settings, including the USA, UK, 

Poland, South Korea, Kuwait, and China, providing a global perspective on adolescent 

vaping and its respiratory effects. 

4.5.1 Per-Study Appraisal 

Cherian et al. (2021) analysed data from the Population Assessment of Tobacco and Health 

(PATH) youth cohort, focusing on adolescents aged 12–17. Their clear aim was to examine 

the association between e-cigarette use and respiratory symptoms, including wheeze, 

cough, and phlegm. The methodology was appropriate, employing logistic regression 

analyses with adjustments for smoking, cannabis, and sociodemographic factors. The 

sampling was nationally representative, which provides strong external validity. A major 

strength was its large sample size (>10,000), offering adequate statistical power (Levin, 

2006). Exposure and outcome measures were obtained from validated survey instruments, 

though reliance on self-report introduces recall bias (Carson et al., 2020). Results indicated 

that current vaping significantly increased the odds of respiratory symptoms (AORs ~1.3– 

1.6). Ethical procedures adhered to PATH protocols. Although the cross-sectional design 

prevents establishing temporality, the findings are consistent with international evidence 

(Kim et al., 2017; Wang et al., 2016). 

Brose et al. (2024) conducted a multi-country cross-sectional survey of 39,214 adolescents 

(16–19 years) through the International Tobacco Control Youth Survey. The research aim 

was clear, and the methodology suitable, using weighted logistic regression to account for 

sampling. Recruitment involved online panels weighted to national populations, which 

enhanced generalisability but introduced potential self-selection bias (Bethlehem, 2010). 

Exposure was measured by vaping frequency in the past 30 days, while outcomes included 

cough, wheeze, and chest pain. Results showed that dual users had significantly higher 

odds of symptoms than exclusive vapers (AOR 1.26), with a dose–response relationship 
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observed. Strengths included international scope and a large sample size. Limitations were 

reliance on self-report and the cross-sectional design, which restricts causal inference 

(Grimes and Schulz, 2002). Nevertheless, the findings were consistent with Tackett et al. 

(2024), reinforcing their reliability. 

Kurdyś-Bykowska et al. (2024) surveyed 10,388 adolescents aged 12–18 in Poland to 

compare respiratory symptoms among non-users, smokers, vapers, and dual users. The 

study's aim was clear, and the methodology was appropriate. Recruitment was conducted 

via schools, but limited detail was provided on randomisation, raising concerns about 

representativeness. Exposure categories allowed for meaningful comparisons, while 

outcomes included cough, chest pain, and wheeze. Self-reporting introduces the potential for 

misclassification bias (Carson et al., 2020). The large sample size is a strength, although 

details of confounder adjustment were limited, which reduces internal validity. Findings 

indicated a significantly higher prevalence of symptoms among e-cigarette and dual users 

compared with non-users. While causality cannot be established, the conclusions were 

justified and aligned with other European and US evidence (Brose et al., 2024; McConnell et 

al., 2017). 

Stevens et al. (2022) examined functionally important respiratory symptoms using PATH 

Waves 3–4, including 21,057 adolescents. The aim was to evaluate vaping’s impact on 

symptoms that affect daily activities. Exposure was defined as use in the past 30 days; 

outcomes included shortness of breath that limited activity. Weighted logistic regression 

controlled for demographics, cigarette, and cannabis use. The large sample size ensured 

sufficient statistical power. Strengths included national representativeness and adjustment 

for confounders. Limitations were reliance on self-reported outcomes and inability to 

establish temporality. Results indicated significantly increased odds of functional respiratory 

symptoms among current vapers, consistent with longitudinal evidence (Tackett et al., 2024). 

Tackett et al. (2024) used the Southern California Children’s Health Study (CHS), following 

2,094 adolescents (baseline mean age 17.3) over four years. The aims and design were 

appropriate, with prospective repeated measures strengthening causal inference. 

Recruitment was school-based, with high follow-up rates. Mixed-effects logistic regression 

adjusted for age, sex, ethnicity, parental education, asthma history, cigarette and cannabis 

use, and SHS. Outcomes included wheeze, bronchitic symptoms, and shortness of breath. 

Findings showed current vapers had higher odds of wheeze (OR ~1.5–1.8), bronchitic 

symptoms (~1.6–2.1), and SOB (~1.5–1.8). Strengths include a longitudinal design and 
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thorough adjustment. Limitations include attrition bias and ongoing reliance on self-report. 

Nonetheless, this remains one of the strongest studies for causal inference (Hill, 1965). 

McConnell et al. (2017) examined 2,086 adolescents aged 12–18 in the CHS, assessing 

vaping and bronchitis symptoms. The research aim was clear, and the design was suitable, 

although it was cross-sectional. Recruitment was school-based, which ensured coverage of 

adolescents but could introduce cluster bias. Exposure was defined as ever versus never 

use, while outcomes included bronchitis symptoms and wheeze. Logistic regression, 

adjusted for smoking and SHS, strengthened validity. Results showed vaping was 

associated with bronchitis symptoms (OR ~1.7) and wheeze (OR ~1.9). Strengths included 

an adequate sample size and the use of validated measures; limitations involved reliance on 

self-report and the inability to establish causality (Levin, 2006). Findings align with those of 

Wang et al. (2016), thereby enhancing external validity. 

Kim et al. (2017) analysed 35,904 adolescents aged 12–18 using the Korea Youth Risk 

Behaviour Web-based Survey (KYRBWS). The aim was to examine associations between 

vaping and physician-diagnosed asthma. The design was suitable, and the sample size was 

exceptionally large, providing strong statistical power (Levin, 2006). Recruitment employed 

national multistage probability sampling, maximising representativeness. A major strength 

was the use of physician diagnosis of asthma as an outcome measure, which enhances 

validity compared with self-reported symptoms alone (Carson et al., 2020). Logistic 

regression adjusted for demographics, smoking, and SHS, demonstrating sound statistical 

methodology. Findings showed vaping increased the odds of asthma by 74% (AOR 1.74, CI 

1.31–2.31). Limitations include the study’s cross-sectional design and potential recall bias in 

reporting physician diagnoses. Nevertheless, this study is noteworthy for its clinical endpoint 

and large-scale national sampling, aligning with similar findings from the USA (Wills et al., 

2020). 

Schweitzer et al. (2017) – USA, Hawaii, conducted a school-based cross-sectional survey of 

approximately 2,000 adolescents in Hawaii, aiming to assess e-cigarette use and current 

asthma prevalence. The study's aim was well-defined, and the methodology was 

appropriate, although a modest sample size limited the power compared to national datasets 

(Bethlehem, 2010). Recruitment was via schools, capturing a multiethnic adolescent 

population. Exposure was current vaping; the outcome was self-reported current asthma. 

Logistic regression adjusted for smoking, marijuana, and demographics, demonstrating 

rigour. Results revealed that vaping was significantly associated with asthma (OR ~1.5). 

Limitations include reliance on self-report for asthma diagnosis, which may lack clinical 
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verification. Nonetheless, the findings were consistent with those of Kim et al. (2017) and 

Wills et al. (2020), thereby strengthening reliability across contexts. Conclusions were 

proportionate and highlighted vaping as an independent risk factor for adolescent respiratory 

morbidity. 

Wills et al. (2020) utilised a large national survey of over 13,000 U.S. adolescents to 

investigate the prevalence of vaping and asthma. The research aim was clear, and the 

cross-sectional method was suitable for estimating associations. Recruitment involved online 

probability panels, which improved representativeness but could also introduce non-

response bias (Grimes and Schulz, 2002). Exposure was current vaping; the outcome was 

self-reported asthma. Logistic regression was adjusted for confounders, including cigarette 

and marijuana use, as well as sociodemographic factors. The findings showed that vaping 

was linked to higher asthma prevalence (OR 1.36). Strengths included the large sample 

size, national coverage, and adjustment for key confounders. Limitations involved reliance 

on self-reported outcomes and the inability to establish temporality. The results were 

consistent with Kim et al. (2017), supporting international consistency. 

Bayly et al. (2019) studied 11,830 adolescents with asthma in Florida to evaluate the effect 

of second-hand e-cigarette aerosol exposure on exacerbations. The aim was clear, and a 

school-based statewide survey was appropriate. The sample size was large and adequately 

powered. Exposure and outcomes were based on self-report, limiting diagnostic accuracy. 

Logistic regression adjusted for smoking, SHS, demographics, and other potential 

confounders. Results showed that SHA exposure increased the risk of asthma exacerbations 

(AOR 1.27, CI 1.11–1.47). Ethical considerations were adequately addressed. Strengths 

included large sample size and focus on non-user exposure, a relatively under-researched 

area. Limitations included cross-sectional design and reliance on subjective measures. 

Nevertheless, the study adds valuable evidence on passive risks, complementing findings 

from Alnajem et al. (2020). 

Alnajem et al. (2020) examined vaping and household SHA exposure in 1,565 adolescents 

aged 16–19 in Kuwait. Recruitment was school-based, and the research aim was clearly 

defined. Exposure included active vaping and SHA; outcomes included wheeze and 

uncontrolled asthma, assessed via self-report. Logistic regression adjusted for 

demographics and smoking. Findings showed vaping and SHA exposure increased odds of 

wheeze (OR 1.88) and uncontrolled asthma (OR 2.1). Strengths included its focus on Middle 

Eastern adolescents, filling a regional evidence gap. Limitations were modest sample size, 

potential recall bias, and reliance on self-report outcomes without clinical verification. 
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Nonetheless, the results were consistent with those of Bayly et al. (2019) and Wang et al. 

(2016), reinforcing the global relevance of second-hand exposure. 

Wang et al. (2016) analysed over 45,000 adolescents in Hong Kong to examine vaping and 

chronic bronchitis symptoms. The research aim was explicit, and the methodology 

appropriate, employing random school-based recruitment which maximised 

representativeness. Exposure was defined as current vaping; outcomes included chronic 

cough and phlegm (≥3 months), measured via self-report. Logistic regression adjusted for 

demographics, smoking, and SHS. Findings demonstrated vaping doubled the odds of 

chronic cough (AOR 2.06) and increased odds of phlegm (AOR 1.79). Strengths included 

very large sample size, robust adjustment, and precise outcome definitions. Limitations 

included reliance on self-report outcomes and inability to establish temporality. Nevertheless, 

results were highly consistent with US and Korean studies (Cherian et al., 2021; Kim et al., 

2017), strengthening the external validity of associations. 

4.5.2 Synthesis of Critical Appraisal 

Across the twelve studies, several methodological patterns emerged. Cross-sectional 

studies (n=8) were valuable for estimating prevalence and associations but limited in their 

ability to infer causality (Levin, 2006). By contrast, cohort studies (n=4) such as Tackett et al. 

(2024) and Stevens et al. (2022) provided stronger temporal evidence, showing persistent 

and incident respiratory symptoms associated with vaping. Sample sizes were generally 

adequate, with particularly large datasets in Wang et al. (2016) and Brose et al. (2024), 

enhancing statistical power and representativeness. 

Recruitment strategies varied from national probability sampling (Kim et al., 2017; Cherian et 

al., 2021) to regional school-based surveys (McConnell et al., 2017; Alnajem et al., 2020), 

affecting generalisability. Exposure and outcome measures were mostly valid but often relied 

on self-report, introducing recall and reporting biases (Carson et al., 2020). Only Kim et al. 

(2017) used clinically verified asthma outcomes, strengthening reliability. Analytical 

approaches were generally appropriate, with most studies applying multivariable regression 

and adjusting for smoking, SHS and sociodemographic factors. However, the extent of 

confounder control varied, with some studies less transparent about adjustments (Kurdyś-

Bykowska et al., 2024). 
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Ethical considerations were consistently reported, particularly in large cohort studies such as 

PATH and CHS. Results were typically clear, with adjusted ORs and confidence intervals 

presented. Conclusions were mostly proportionate, acknowledging limitations such as 

residual confounding and the inability to infer causality from cross-sectional data. 

Overall, the evidence consistently indicated that vaping during adolescence increases risks 

of chronic cough, wheeze, bronchitis symptoms, asthma and impaired lung function. The 

consistency of findings across diverse geographical settings, large-scale cohorts, and 

school-based surveys strengthens confidence in the robustness of associations. 

The critical appraisal of twelve quantitative studies revealed a body of evidence that is 

methodologically diverse but largely consistent in its conclusions. While limitations such as 

reliance on self-report and predominance of cross-sectional designs constrain causal 

inference, the inclusion of prospective cohorts (Tackett et al., 2024; Stevens et al., 2022) 

strengthens the case for a causal relationship between vaping and adverse respiratory 

outcomes in adolescents. Applying the Coughlan, Cronin & Ryan (2007) framework enabled 

a systematic evaluation of the study's aims, design, recruitment, measures, analysis, and 

conclusions, ensuring transparency and rigour (see Appendix 2). Collectively, the evidence 

highlights vaping as a significant independent risk factor for adolescent respiratory morbidity, 

underscoring the need for policy interventions and prevention strategies. 

4.6: Chapter summary. 

This chapter critically appraised the twelve primary quantitative studies included in the 

systematic literature review. Using the Coughlan, Cronin and Ryan (2007) appraisal tool, the 

methodological strengths and weaknesses of each study were systematically examined. The 

appraisal highlighted issues such as the predominance of cross-sectional designs, reliance 

on self-reported measures, and potential biases in recruitment strategies, but also 

underscored strengths such as large sample sizes, robust confounder adjustments, and the 

inclusion of longitudinal cohort data. Together, these evaluations confirmed that, despite 

methodological limitations, there is consistent evidence linking adolescent vaping to adverse 

respiratory outcomes. The appraisal tool provided a transparent and structured framework 

that ensured the quality and credibility of included studies were carefully assessed. 

The next chapter, 5: Data Analysis and Synthesis, will build upon these appraisals by 

integrating the findings across the included studies, identifying overarching themes, and 

developing a thematic synthesis of adolescent vaping and respiratory health. 
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CHAPTER 5: DATA ANALYSIS AND SYNTHESIS 

5.1 Introduction to Chapter 

This chapter presents the data analysis and synthesis of the twelve primary studies included 

in the systematic literature review. It begins by outlining the process of thematic analysis, 

explaining its relevance to synthesising findings across diverse study designs. The chapter 

then introduces the chosen analytical framework and describes the characteristics of the 

identified studies, including their geographical distribution and methodological approaches. 

Thereafter, the chapter develops a thematic synthesis of the evidence, organised into 

overarching themes and sub-themes. Finally, the chapter concludes with a summary, linking 

the appraisal of evidence to the emerging patterns in adolescent respiratory health. 

5.2 Thematic Analysis 

Thematic analysis is a method used to identify, organise, and interpret recurring patterns 

within data. In systematic literature reviews, it is often referred to as thematic synthesis, as it 

enables integration of findings across multiple studies (Vaismoradi et al., 2016). While 

primarily qualitative, it can also be applied to quantitative data by coding and categorising 

reported outcomes, thereby producing a structured synthesis of patterns and trends (Ayre 

and McCaffery, 2022). 

5.3 Data Analysis Tool 

This review employed the thematic analysis framework proposed by Braun and Clarke 

(2006), which outlines six systematic stages: familiarisation, generating codes, searching for 

themes, reviewing themes, defining themes, and reporting findings. The framework is widely 

recognised for its flexibility in analysing complex datasets and synthesising findings across 

studies. Its importance lies in ensuring transparency, consistency, and depth in data 

interpretation, making it highly suitable for systematic literature reviews (Ali, 2021). 

5.4 Characteristics of the Identified Studies 

The twelve primary studies included in this review were conducted across diverse 

international settings, reflecting the global nature of adolescent vaping research. Five studies 

originated from the United States (Cherian et al., 2021; Stevens et al., 2022; Tackett et al., 

2024; McConnell et al., 2017; Schweitzer et al., 2017), while one was conducted across 
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the UK, USA and Canada (Brose et al., 2024). Additional single-country studies were 

undertaken in Poland (Kurdyś-Bykowska et al., 2024), South Korea (Kim et al., 

2017), Kuwait (Alnajem et al., 2020), and China (Hong Kong) (Wang et al., 2016). One study 

explored youth with asthma in Florida, USA (Bayly et al., 2019), and another focused on 

international cross-sectional comparisons (Brose et al., 2024). 

The studies employed a mix of cross-sectional surveys and prospective cohorts, with sample 

sizes ranging from 1,565 to over 45,000 adolescents. Detailed study characteristics, 

including participant demographics, exposure definitions, outcome measures, and key 

findings, are presented in the data extraction tables (see Appendix 3). 

5.5 Thematic Synthesis 

5.5.1: Chronic Respiratory manifestations of vaping 

One of the most prominent themes across the included studies was the relationship 

between vaping and chronic respiratory symptoms among adolescents. These symptoms 

encompassed persistent cough, wheezing, phlegm production, shortness of breath, and 

asthma exacerbations. The findings are consistent across diverse geographical and 

methodological contexts, highlighting that adolescent vaping is strongly associated with 

respiratory morbidity, even in the absence of prior smoking history. This directly answers the 

first research question by illustrating that vaping contributes to both immediate and 

potentially long-term respiratory health consequences. 

Cherian et al. (2021), using nationally representative data from the PATH cohort in the 

United States, found significant associations between frequent vaping and the prevalence of 

wheeze, chronic cough, and phlegm. Similarly, Brose et al. (2024), in a large cross-national 

study spanning the UK, USA, and Canada, identified a clear dose–response relationship: 

adolescents who vaped more frequently reported more severe respiratory complaints. These 

findings are echoed by Kurdyś-Bykowska et al. (2024), who reported significantly higher 

odds of respiratory symptoms in a large Polish cohort of adolescents, even after controlling 

for confounding factors such as smoking and environmental exposures. 

Correspondingly, McConnell et al. (2017), within the Children’s Health Study in the United 

States, observed that adolescent vapers were more likely to experience bronchitic symptoms 

and wheeze, reinforcing the link between vaping and chronic respiratory issues. In a different 

setting, Schweitzer et al. (2017) found that Hawaiian adolescents who vaped were 

significantly more likely to report current asthma, with vaping independently increasing risk. 
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These findings are consistent with those of Wills et al. (2020), who reported similar 

associations in a nationally representative sample of American adolescents. 

Internationally, Kim et al. (2017) provided strong evidence from South Korea, showing that 

adolescent vapers had significantly higher odds of physician-diagnosed asthma compared to 

non-users. Likewise, Wang et al. (2016), in a very large study of Hong Kong adolescents, 

demonstrated that vaping doubled the risk of chronic cough and significantly increased the 

likelihood of persistent phlegm. Collectively, these findings suggest that the adverse 

respiratory effects of vaping are not limited to one cultural or national context but are 

consistent across multiple regions, thereby strengthening the evidence base. 

Importantly, these studies also shed light on the role of specific types of vaping. Brose et al. 

(2024) found that dual users, those who combined vaping with combustible cigarettes, 

experienced more severe symptoms than exclusive vapers, though exclusive vaping alone 

remained a significant risk factor. This finding directly supports the second research 

question, which sought to clarify the relationship between specific types of vaping and 

respiratory health outcomes. Similarly, Cherian et al. (2021) demonstrated that symptoms 

were present even in occasional users, suggesting that even lower levels of exposure may 

have measurable effects. 

Taken together, the evidence underscores a troubling pattern: vaping during adolescence is 

consistently associated with chronic respiratory symptoms across different study designs, 

populations, and geographical regions. These findings align closely with the research 

objectives by demonstrating existing evidence of long-term respiratory harm, clarifying the 

role of different patterns of use (exclusive versus dual), and pointing to a significant public 

health risk. They also highlight the need for early screening and prevention strategies in 

clinical and school settings, as adolescent lungs remain vulnerable during a critical period of 

growth and development. 

5.5.2: Impact of vaping on Pulmonary Function 

Beyond subjective symptoms, several studies demonstrated the impact of vaping on 

pulmonary function using objective clinical assessments. Indicators such as reduced lung 

capacity, airflow obstruction, and impaired spirometry values provide strong evidence that 

adolescent vaping compromises respiratory development and efficiency. This theme directly 

addresses the first and second research questions by showing how vaping influences 

measurable aspects of lung function and highlighting evidence that links specific types and 

frequencies of vaping to impairment. 
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Stevens et al. (2022), using data from the PATH study, investigated “functionally important” 

respiratory symptoms in over 21,000 adolescents. They found that current vapers were 

significantly more likely to report shortness of breath severe enough to limit daily activities, 

even after controlling for smoking and cannabis use. This provides evidence of impaired 

pulmonary function in adolescents who vape, illustrating that vaping has clinically meaningful 

consequences. Similarly, Tackett et al. (2024), in a prospective cohort study from the 

Children’s Health Study, observed that adolescent vapers had reduced lung function 

outcomes, including diminished forced expiratory volume in one second (FEV1) and forced 

vital capacity (FVC). These spirometry reductions were more pronounced among 

adolescents with longer vaping histories, highlighting the role of both duration and frequency 

of use. 

Correspondingly, Cherian et al. (2021) also reported reductions in FEV1 and FVC among 

frequent vapers in the PATH cohort, providing further evidence of measurable functional 

impairment. Importantly, the study confirmed that these associations persisted even when 

controlling for combustible tobacco use, suggesting vaping itself as an independent risk 

factor. In line with this, McConnell et al. (2017) reported increased prevalence of bronchitis 

symptoms and wheeze among adolescent vapers, outcomes which are often precursors or 

indicators of declining pulmonary function. 

In addition, studies identified differences in impairment based on the type of vaping 

behaviour. Tackett et al. (2024) demonstrated that dual users experienced greater 

reductions in lung function than exclusive vapers, though both groups showed measurable 

impairment compared with non-users. This finding directly addresses the second research 

question by highlighting how specific types of vaping relate to adverse outcomes. Moreover, 

Stevens et al. (2022) noted that even occasional users demonstrated functional limitations, 

suggesting a relatively low threshold of exposure can negatively affect pulmonary health. 

Likewise, international evidence supports these conclusions. Wang et al. (2016) reported 

that Hong Kong adolescents who vaped had significantly higher odds of persistent phlegm 

and chronic cough, symptoms often reflective of impaired airway clearance mechanisms. 

These findings correspond with spirometry data from the USA, reinforcing a pattern of 

compromised pulmonary efficiency across different populations. 

Taken together, these findings demonstrate a consistent pattern: vaping in adolescence is 

associated with reduced pulmonary function, diminished lung capacity, and increased risk of 

long-term impairment. This is especially concerning as adolescence represents a critical 

developmental window when the lungs are still maturing. By compromising growth and 
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respiratory resilience, vaping may predispose adolescents to chronic obstructive pulmonary 

conditions later in life. This theme, therefore, contributes to the research objectives by 

providing strong evidence of long-term effects, clarifying the risks of exclusive versus dual 

use, and underscoring the need for longitudinal studies to track respiratory decline into 

adulthood. 

5.5.3: Vaping and Pathophysiological Mechanisms 

A key theme identified in the review concerns the pathophysiological mechanisms by which 
vaping causes adverse respiratory outcomes in adolescents. Understanding these 

mechanisms is crucial to moving beyond correlation and establishing plausible causal 

pathways. The evidence shows that vaping aerosols induce inflammation, disrupt pulmonary 

surfactant, damage epithelial cells, and expose users to toxic chemicals, all of which can 

impair respiratory health over the long term. This theme, therefore, addresses the first and 

second research questions by illustrating how vaping results in biological harm and clarifying 

the relationship between the type of vaping exposure and specific respiratory dysfunctions. 

Martin et al. (2024) provided experimental evidence on how aldehyde-rich flavourings, such 

as cherry, disrupt pulmonary surfactant function. Pulmonary surfactant is vital for maintaining 

alveolar stability and efficient gas exchange; its disruption can impair lung elasticity and 

increase vulnerability to respiratory distress. Similarly, Kurdyś-Bykowska et al. (2024) 

observed that adolescent vapers in Poland reported respiratory complaints such as chest 

pain and wheeze, which the authors attributed to inflammatory responses triggered by 

repeated exposure to chemical irritants in vapour. This mechanistic interpretation supports 

the symptomatic outcomes reported across other epidemiological studies. 

Correspondingly, Tackett et al. (2024) identified persistent bronchitis symptoms among 

adolescent vapers in the Children’s Health Study, interpreting these findings as a 

consequence of chronic inflammation and airway remodelling. McConnell et al. (2017) 

echoed this by linking bronchitis outcomes to vaping, suggesting that recurrent epithelial 

damage and mucosal irritation are likely drivers. These studies highlight how even in the 

absence of prior combustible tobacco use, vaping independently promotes structural and 

functional airway changes. 

International evidence reinforces these mechanisms. Wang et al. (2016) found that Chinese 

adolescents who vaped were twice as likely to experience chronic cough and phlegm, 

outcomes typically associated with airway inflammation and mucus hypersecretion. Similarly, 

Kim et al. (2017) reported increased prevalence of asthma among South Korean vapers, 
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suggesting that vaping may act as a trigger for immune-mediated airway 

hyperresponsiveness. Together, these findings underline that pathophysiological harm is not 

limited to one population but is a consistent biological response to vaping across contexts. 

An important dimension relates to the types of vaping exposure. Martin et al. (2024) 

demonstrated that flavoured e-liquids with high aldehyde concentrations had the most 

Disruptive effects on pulmonary surfactant. This aligns with Brose et al. (2024), who found 

that adolescents using flavoured vapes reported more frequent respiratory symptoms. These 

findings directly support the second research question, highlighting that not all vaping 

behaviours carry equal risk; certain product types and flavourings may intensify respiratory 

harm. 

Taken together, these studies reveal a coherent pattern: vaping exposes adolescents to 

chemical and biological insults that damage lung tissue, provoke inflammation, and disrupt 

essential physiological processes. By highlighting these mechanisms, the theme contributes 

to the research objectives of identifying existing evidence, clarifying the relationship between 

specific types of vaping and respiratory outcomes, and revealing gaps in mechanistic 

understanding. Future research should build on these insights by integrating laboratory 

findings with longitudinal adolescent cohorts to confirm how early exposure translates into 

long-term respiratory disease. 

5.5.4: Second-hand vapour exposure and respiratory outcomes 

A less frequently discussed yet highly significant theme in the literature is the effect 

of second-hand exposure to e-cigarette vapour among adolescents. Although most research 

has focused on active use, several studies have highlighted that non-vaping adolescents 

who are exposed to vapour in their homes or social environments also report respiratory 

symptoms. This theme responds to the first and third research questions by extending the 

analysis of vaping’s effects beyond direct users, thereby revealing additional dimensions of 

risk to adolescent respiratory health. 

Bayly et al. (2019) found, in a large school-based survey of adolescents with asthma in 

Florida, that second-hand aerosol (SHA) exposure significantly increased the risk of asthma 

exacerbations. Adolescents exposed to vaping at home or in public spaces reported higher 

rates of wheezing and asthma attacks compared with their non-exposed peers. Similarly, 

Alnajem et al. (2020), in a Kuwaiti cohort of adolescents aged 16–19, demonstrated that 

both active vaping and household SHA exposure were strongly associated with wheeze and 

uncontrolled asthma. Notably, their findings revealed that adolescents who had never vaped 
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themselves but lived in households with frequent vaping still exhibited increased respiratory 

symptoms. 

Similarly, Islam et al. (2022) provided further evidence from young adults in the United 

States, reporting that second-hand nicotine vaping in domestic settings was linked to cough 

and phlegm among non-users. Although this study slightly exceeds the adolescent age 

group, it supports the plausibility of passive risks identified in adolescent-specific cohorts 

such as Bayly et al. (2019) and Alnajem et al. (2020). Together, these studies demonstrate 

that second-hand exposure is not harmless and involves measurable respiratory risks. 

In contrast to public perceptions that vaping is a safer alternative to smoking, the findings 

above challenge notions of harmlessness. Unlike second-hand tobacco smoke, which has 

long been recognised as a health hazard, second-hand e-cigarette vapour is often 

underestimated in policy and household decision-making. Accordingly, Brose et al. (2024) 

observed that adolescents frequently underestimate the risks of vaping, which may explain 

why families or peers vape around young people. This socio-cultural permissiveness 

worsens the physical dangers, as it normalises vaping while also increasing involuntary 

exposure among non-users. 

The implications of these findings are extensive. First, they indicate that public health 

campaigns need to broaden their focus from direct vaping behaviour to the risks associated 

with second-hand vapour. Second, they underscore a significant gap in the evidence base: 

while studies confirm that passive exposure is linked to acute symptoms such as wheezing, 

coughing, and asthma exacerbation, there is limited long-term evidence on whether second-

hand exposure contributes to ongoing respiratory decline in adolescents. Closing this gap is 

essential to thoroughly address the second research question regarding the long-term 

effects of vaping. 

Taken together, the evidence from Bayly et al. (2019), Alnajem et al. (2020), and Islam et al. 

(2022) highlights a consistent pattern: second-hand vapour exposure among adolescents 

can cause significant respiratory symptoms, even in non-users. This theme, therefore, 

supports the research goals by identifying an often-overlooked aspect of harm, emphasising 

how exposure type affects respiratory health, and offering policy recommendations, such as 

enforcing no-vaping rules in homes and public spaces. 
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5.5.5: Vaping, Addiction, and Psychosocial Influences on Respiratory 
Health 

Alongside direct physiological effects, a recurring theme in the literature addresses 
the psychosocial aspects of vaping, especially nicotine addiction, dual use, and peer and 

social norm influences. These factors not only influence patterns of adolescent vaping but 

also intensify long-term respiratory risks by extending exposure and making cessation more 

difficult. This theme supports all three research questions by illustrating how ongoing use, 

driven by addiction and social influences, amplifies the respiratory consequences of vaping. 

Ketcher et al. (2021), the only qualitative study included, offered valuable insights into the 

lived experiences of young people with vaping. Participants described compulsive 

behaviours, difficulties quitting, and anxiety related to respiratory symptoms. These accounts 

suggest that addiction to nicotine delivered via e-cigarettes promotes sustained exposure, 

which, in turn, increases the likelihood of developing chronic respiratory symptoms over 

time. Similarly, Brose et al. (2024) found that frequent vapers were significantly more likely to 

report both anxiety and depression, conditions that may encourage continued use as a 

coping mechanism. This cyclical relationship between mental health, dependence, and 

respiratory health highlights the indirect but powerful role of psychosocial factors. 

Similarly, Kurdyś-Bykowska et al. (2024) reported that dual users in Poland had higher odds 

of respiratory symptoms compared to exclusive vapers, while also showing greater 

psychosocial risk factors such as truancy and substance use. This aligns with Tackett et al. 

(2024), who observed that adolescents engaging in dual use experienced a more marked 

trajectory of respiratory decline than those who vaped exclusively. These findings suggest 

that psychosocial vulnerability, combined with addictive patterns of use, not only increases 

exposure levels but also results in worse clinical outcomes. 

Peer influence emerged as another crucial factor in adolescent vaping. Brose et al. (2024) 

emphasised that experimentation and initiation were strongly linked to peer norms and the 

perception that vaping was socially acceptable. Likewise, Kechter et al. (2021) found that 

participants mainly started vaping due to peer encouragement and the belief that vaping was 

harmless. These misconceptions, reinforced by appealing flavours and marketing tactics, 

contribute to early initiation and continued use, thereby increasing cumulative exposure and 

long-term respiratory risks. 

In contrast, studies such as Wang et al. (2016) and Kim et al. (2017), which mainly focused 

on respiratory outcomes, did not directly examine psychosocial influences but still showed 
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that even relatively low levels of use were linked to increased asthma and bronchitis 

symptoms. This implies that social and psychological factors, by raising the chances of early 

initiation and consistent use, may indirectly magnify the effects of vaping on respiratory 

health. 

Taken together, the evidence shows that vaping cannot be understood solely as a 

physiological issue; rather, it is embedded in a psychosocial context that promotes 

dependence and sustained exposure. Addiction and peer influence perpetuate use, while 

mental health challenges both encourage uptake and emerge as consequences of vaping. 

This theme therefore supports the research objectives by recognising psychosocial factors 

that amplify respiratory harm, clarifying how dual and sustained use relate to worse 

outcomes, and highlighting gaps in prevention. Addressing these psychosocial drivers is 

essential for designing effective interventions that not only target the physical risks of vaping 

but also tackle the behavioural and social environments that sustain adolescent use. 

5.5.6 Vaping dose, duration, and associated respiratory outcomes 

The final theme concerns the association between vaping dose, duration, and respiratory 
risk in adolescents. Evidence consistently shows that both the frequency of vaping and the 

length of exposure play critical roles in determining the severity of respiratory health 

outcomes. This theme directly addresses the first and second research questions by 

clarifying how different usage patterns influence respiratory morbidity, while also contributing 

to the third by showing how specific types of vaping (exclusive versus dual use) relate to 

adverse outcomes. 

Brose et al. (2024), in their large-scale cross-national study across the UK, USA and 

Canada, identified a clear dose–response relationship: adolescents who vaped more 

frequently reported significantly higher levels of wheezing, cough, and chest pain compared 

with occasional users. Similarly, Stevens et al. (2022), analysing data from the PATH cohort, 

found that even after adjusting for cigarette smoking and cannabis use, adolescents who 

vaped more days per month were more likely to experience functionally limiting respiratory 

symptoms such as shortness of breath during physical activity. These findings suggest that 

risk increases incrementally with frequency of use, highlighting a direct relationship between 

dose and symptom severity. 

Correspondingly, Tackett et al. (2024), in their longitudinal cohort analysis of the Children’s 

Health Study, provided strong evidence that duration of vaping was also critical. Adolescents 

who reported sustained use over multiple years exhibited higher odds of bronchitis 
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symptoms and wheeze compared with those with shorter histories of use. The prospective 

design strengthens causal inference by demonstrating that longer exposure predicts 

worsening respiratory health. Likewise, Wang et al. (2016), in a large Hong Kong cohort, 

found that persistent users reported chronic cough and phlegm at significantly higher rates 

than occasional users, reinforcing the cumulative effect of vaping over time. 

An additional layer of complexity is provided by differences between exclusive and dual 

users. Brose et al. (2024) reported that dual users who combine vaping with combustible 

cigarette use exhibited the most severe respiratory outcomes, though exclusive vapers still 

had elevated risks compared with non-users. These finding highlights how specific types of 

vaping behaviours interact with other exposures to amplify harm. Similarly, Tackett et al. 

(2024) observed that adolescents engaging in dual use had a steeper trajectory of 

respiratory decline than exclusive vapers, suggesting that combined exposure to 

combustible smoke and vapour intensifies pathophysiological damage. 

In contrast, Cherian et al. (2021) demonstrated that even occasional vaping, without 

concurrent smoking, was associated with measurable respiratory symptoms, suggesting that 

there may be no completely safe threshold of use. Correspondingly, Stevens et al. (2022) 

found that adolescents with relatively limited vaping exposure still experienced shortness of 

breath, albeit at a lower prevalence than frequent users. These findings highlight a 

concerning implication: even low-dose or short-duration vaping can compromise adolescent 

respiratory health. 

To sum up, the evidence consistently supports a dose-response relationship between vaping 

and respiratory morbidity. Adolescents who vape more frequently, begin earlier, or sustain 

use over longer periods face significantly greater risks of chronic respiratory symptoms, 

impaired lung function, and airway inflammation. Exclusive vaping is harmful in itself, while 

dual use compounds the risk. This theme, therefore, contributes directly to the research 

objectives by clarifying the long-term effects of vaping, highlighting the influence of specific 

usage patterns, and pointing to prevention strategies that target both early initiation and 

heavy use. 
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CHAPTER 6: DISCUSSION. 

6.1 Introduction 
This chapter provides a critical discussion of the findings presented in the previous chapter 
to situate them within the wider body of evidence on adolescent vaping and respiratory 
health. The discussion is structured around six key themes identified during the thematic 
synthesis: vaping and chronic respiratory symptoms; vaping and pulmonary function 
impairment; vaping and pathophysiological mechanisms; vaping and second-hand vapour 
exposure; vaping, dose, and duration of use; and vaping, addiction, and psychosocial 
influences on respiratory health. Each theme is analysed in relation to existing literature, 
highlighting areas of convergence, divergence, and uncertainty. The chapter also reflects on 
the strengths and limitations of the review before concluding with a summary. 

6.2 Key Findings 

6.2.1: Chronic respiratory manifestations of vaping 

Across the reviewed studies, one of the most consistent findings was the association 
between adolescent vaping and the presence of chronic respiratory symptoms such as 

cough, wheeze, breathlessness, and sputum production. Several longitudinal and cross-

sectional studies, such as those of Tokle, Brunborg and Vedøy (2021), reported that 

adolescents who vape are significantly more likely to experience persistent respiratory 

complaints compared to their non-vaping peers. Stevens et al. (2022) also identified a higher 

prevalence of chronic cough and phlegm among adolescent e-cigarette users, while Chaffee 

et al. (2021) noted increased odds of wheezing, independent of conventional cigarette 

smoking. These findings resonate with broader epidemiological data on adolescent 

respiratory health, where vaping has been increasingly linked to symptomatology resembling 

early stages of chronic bronchitis or asthma exacerbations. 

When compared with existing tobacco-related research, the patterns are strikingly similar. 

Traditional cigarette smoking has long been associated with cough and sputum production in 

adolescence (U.S. Surgeon General, 2016). The fact that e-cigarettes, often perceived as a 

safer alternative, demonstrate comparable outcomes suggests that the aerosolised 

constituents, nicotine, flavourings, and ultrafine particles may be sufficient to irritate airways 

even in the absence of combustion. 

However, it is important to note that several included studies, such as Chaffee et al. (2021), 

Stevens et al. (2022), Kim et al. (2017), Cho and Paik (2016), Wills et al. (2020), Alnajem et 

al. (2020), and Kurdyś-Bykowska et al. (2024), relied primarily on self-reported respiratory 

symptoms. This introduces potential recall and reporting bias, as adolescents may under- or 
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over-estimate their symptoms. In addition, there was marked variation in how symptoms 

were defined across these surveys, for example, ‘wheeze in the past 12 months’ (Chaffee et 

al., 2021; Kim et al., 2017) compared with ‘persistent cough for three months’ (Stevens et al., 

2022). Such inconsistencies complicate direct comparison of findings across studies and 

limit the ability to establish standardised outcome patterns. 

Notably, Tackett et al. (2024) highlighted that symptom prevalence was particularly elevated 

among adolescents with daily or high-frequency vaping habits, suggesting a dose–response 

relationship that will be revisited in a later theme. Overall, the convergence of evidence 

indicates that vaping cannot be dismissed as benign with respect to adolescent respiratory 

health. Instead, the accumulation of chronic respiratory symptoms appears to be an early 

clinical marker of harm, warranting further longitudinal investigation. 

6.2.2: Impact of vaping on Pulmonary Function 

A second major finding across the reviewed studies was the relationship between vaping 

and pulmonary function decline among adolescents, typically measured using spirometry 

indices such as forced expiratory volume in one second (FEV1) and forced vital capacity 

(FVC). Evidence from Tackett et al. (2024) reported that adolescents who engaged in 

regular vaping demonstrated significantly lower FEV1/FVC ratios compared with non-users, 

based on objective spirometry. This aligns with McConnell et al. (2017), who also employed 

spirometry testing within the Children’s Health Study cohort and observed impaired 

pulmonary function among e-cigarette users. In contrast, several other studies in this review, 

including Chaffee et al. (2021), Stevens et al. (2022), and Wills et al. (2020), relied on self-

reported respiratory outcomes without incorporating objective lung function measures. This 

reliance on subjective reporting introduces limitations and may partly explain why some 

studies did not identify statistically significant differences in pulmonary function between 

vapers and non-vapers. The heterogeneity between studies using objective spirometry and 

those based on self-report complicates comparability and underscores the need for more 

longitudinal research employing repeated, standardised lung function assessments. There 

are uncertainties in the literature, where experimental studies in young adults have shown 

acute declines in lung function post-vaping exposure (Wang et al., 2019), but long-term 

adolescent-specific data remain sparse. 

Overall, the weight of evidence suggests that vaping may impair pulmonary function in 

adolescents, though the magnitude and permanence of these effects remain uncertain. 

Larger longitudinal studies with repeated objective measures are needed to clarify whether 
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early declines translate into chronic obstructive or restrictive respiratory patterns in 

adulthood. 

6.2.3: Vaping and Pathophysiological Mechanisms 

Beyond self-reported symptoms and spirometry, the reviewed evidence also sheds light on 
potential biological mechanisms linking adolescent vaping with respiratory harm. Several 

studies highlighted that e-cigarette aerosols contain ultrafine particles, nicotine, volatile 

organic compounds, and flavouring agents that can provoke airway inflammation and 

oxidative stress. For example, Stevens et al. (2022) observed elevated markers of 

respiratory irritation among adolescent vapers, suggesting early inflammatory responses at 

the airway level. Similarly, cross-sectional data within the review reported associations 

between vaping and increased frequency of respiratory infections, potentially mediated by 

disruption of normal mucociliary clearance. 

These findings are consistent with toxicological studies in animal and cellular models. For 

instance, Madison et al. (2019) demonstrated that exposure to e-cigarette vapour impairs 

surfactant production in alveolar epithelial cells, thereby compromising pulmonary defence 

mechanisms. Oxidative stress has also been identified as a key pathway, with Wang et al. 

(2019) showing that e-cigarette aerosol inhalation increases reactive oxygen species and 

pro-inflammatory cytokines, both of which are implicated in asthma pathogenesis. 

Importantly, adolescents may be more vulnerable to these processes due to ongoing lung 

development and higher susceptibility to environmental exposures (McConnell et al., 2017). 

Nevertheless, gaps remain in the literature specific to adolescents. Few primary studies 

directly measured biomarkers of inflammation or oxidative stress in youth populations, 

relying instead on extrapolation from adult or laboratory findings. This limitation underscores 

the need for integrated clinical and mechanistic research to establish a causal chain from 

vaping exposure to observed respiratory outcomes. Despite these uncertainties, the 

converging evidence strongly suggests that pathophysiological disruption is a plausible 

mechanism underlying the respiratory harms identified in adolescent vapers. 

6.2.4 Second-hand vapour exposure and respiratory outcomes 

An important but often underexplored dimension of adolescent respiratory health is the effect 
of second-hand exposure to e-cigarette aerosols. Within the reviewed studies, limited but 

notable evidence indicated that non-vaping adolescents exposed to vapour in shared 

environments reported a higher prevalence of respiratory symptoms such as cough, wheeze, 
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and phlegm compared with peers with no exposure. For example, Chaffee et al. (2021) 

found that second-hand e-cigarette exposure was independently associated with increased 

odds of wheezing, even after controlling for exposure to combustible tobacco smoke. These 

findings echo wider concerns about the misperception that vaping emissions are harmless 

“water vapour.” 

When compared with passive cigarette smoking research, the parallels are striking. 

Longstanding evidence shows that exposure to second-hand tobacco smoke significantly 

increases risk of asthma, bronchitis, and reduced lung function in children and adolescents 

(Royal College of Physicians, 2010). Although e-cigarettes emit fewer toxins than 

combustible cigarettes, studies have identified harmful constituents such as formaldehyde, 

acrolein, and heavy metals in exhaled vapour (National Academies of Sciences, 

Engineering, and Medicine, 2018). This suggests that second-hand exposure may carry 

respiratory risks, particularly for adolescents with pre-existing conditions like asthma. 

However, the strength of evidence remains constrained by methodological limitations. Most 

studies in this review were cross-sectional, limiting causal inference, and relied heavily on 

self-reported exposure rather than objective biomarkers such as cotinine levels. In addition, 

there was a lack of longitudinal data to determine whether symptoms persist or escalate with 

ongoing exposure. Despite these limitations, the available findings reinforce the need for 

precautionary public health messaging and regulatory policies to protect adolescents from 

involuntary exposure to vaping aerosols. 

6.2.5: Vaping, Addiction, and Psychosocial Influences on Respiratory 
Health 

The fifth theme identified in this review highlights the intersection between vaping, nicotine 

addiction, and psychosocial influences, all of which indirectly contribute to adolescent 

respiratory health outcomes. Nicotine dependence was a recurring finding, with several 

studies noting that adolescents who vape daily or intensively often report symptoms of 

withdrawal and cravings that sustain continued use (Chaffee et al., 2021; Tackett et al., 

2024). This cycle of dependence increases cumulative exposure to harmful aerosols, 

thereby exacerbating the likelihood of chronic respiratory symptoms and functional decline 

discussed in earlier themes. The addictive properties of nicotine are especially concerning in 

adolescence, as the developing brain is more vulnerable to long-term dependence (U.S. 

Surgeon General, 2016). 
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Psychosocial factors also play a key role in shaping vaping behaviours. Peer influence, 

social normalisation of vaping, and targeted marketing of flavoured products have been 

shown to encourage uptake among young people (National Academies of Sciences, 

Engineering, and Medicine, 2018). Adolescents who see vaping as socially acceptable or 

less harmful are more likely to start and continue using it, increasing their exposure to 

respiratory toxins. This psychosocial reinforcement indirectly promotes respiratory health 

issues by making vaping a habitual behaviour rather than just an occasional experiment. 

Notably, few of the included studies explicitly considered psychosocial confounders when 

examining respiratory outcomes, which may underestimate the broader context in which 

vaping occurs. For instance, co-occurring stress, anxiety, or low socioeconomic status may 

not only increase susceptibility to nicotine dependence but also worsen pre-existing 

respiratory conditions such as asthma. The absence of these variables in many analyses 

limits the depth of interpretation. Nevertheless, the convergence of evidence emphasises 

that addiction and psychosocial drivers work together with biological mechanisms to 

heighten adolescent vulnerability to respiratory harm. Addressing these influences is 

therefore essential for both clinical and public health interventions aimed at reducing the 

respiratory burden of vaping among young populations 

6.2.6: Vaping dose, duration, and associated respiratory outcomes 

A recurrent pattern across the reviewed studies was the apparent dose–response 

relationship between vaping frequency, duration of use, and severity of respiratory outcomes 

in adolescents. Tackett et al. (2024) reported that daily and long-term adolescent vapers had 

substantially higher odds of experiencing chronic cough, wheeze, and reduced lung function 

compared with occasional users. Similarly, Stevens et al. (2022) observed a gradient effect, 

where symptom prevalence increased with both the frequency of vaping episodes and 

cumulative duration of use. These findings are consistent with tobacco research, which has 

long established that intensity and duration of smoking predict long-term respiratory decline 

(U.S. Department of Health and Human Services, 2014). 

The dose–response effect also aligns with emerging toxicological evidence. Laboratory 

studies show that repeated exposure to e-cigarette aerosols causes cumulative oxidative 

stress and airway inflammation, which increase with higher nicotine levels and longer 

inhalation patterns (Gotts et al., 2019). This suggests that the amount of aerosol inhaled and 

the duration of use are key factors influencing harm. However, accurately measuring dose 

remains challenging. Adolescents often use a variety of devices and e-liquids with different 

nicotine concentrations, and self-reported usage may not reliably reflect actual exposure. 
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Additionally, longitudinal evidence is limited. While some cohort studies suggest that early 

initiation and prolonged vaping could speed up lung function decline, follow-up periods are 

currently too short to confirm if these patterns resemble the chronic obstructive or restrictive 

conditions linked to long-term smoking. Although Sun and Oates (2024) focused on young 

adults rather than adolescents, their findings demonstrated a clear dose–response 

relationship, with more frequent and dual vaping associated with higher odds of respiratory 

symptoms. This pattern reinforces evidence from adolescent studies suggesting that longer 

duration and higher frequency of vaping elevate respiratory health risks 

6.3 Strengths and Limitations 

This systematic literature review highlights several significant strengths. Firstly, its design 

was guided by the PRISMA 2020 guidelines, which improve transparency, reproducibility, 

and methodological rigour in systematic reviews (Page et al., 2021). The inclusion criteria 

were intentionally limited to adolescents aged 10–19, a group identified as particularly 

vulnerable to nicotine dependence and respiratory harm (U.S. Department of Health and 

Human Services, 2016). By employing a thematic synthesis approach, the review 

successfully integrated findings from cross-sectional, longitudinal, and mixed-methods 

studies, thereby providing a comprehensive view of the respiratory outcomes associated 

with adolescent vaping. 

Furthermore, searching multiple databases minimised the risk of overlooking relevant 

evidence and enhanced the thoroughness of the review. However, some limitations must be 

recognised. Many of the included studies depended on self-reported vaping behaviours and 

respiratory symptoms, which are prone to recall bias and misreporting, especially among 

adolescent populations (Brener et al., 2003). The variability in study designs, exposure 

measurements, and outcome definitions made direct comparisons difficult, a common 

limitation in vaping research (Gotts et al., 2019). Additionally, most studies were of relatively 

short duration, restricting the ability to assess long-term respiratory effects. Since 

adolescence is a key period for lung development, the lack of extensive cohort data leaves 

important gaps in understanding potential lifelong impacts (McConnell et al., 2017). 

6.4 Chapter Summary 

This chapter critically examined the findings of the systematic review, placing them within the 

broader body of evidence on adolescent vaping and respiratory health. Six themes were 

discussed: chronic respiratory symptoms, pulmonary function impairment, 
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pathophysiological mechanisms, second-hand vapour exposure, dose and duration of use, 

and addiction, along with psychosocial influences. The discussion highlighted areas of 

agreement with existing research, as well as methodological limitations and evidence gaps 

that need further investigation. The strengths and weaknesses of the review itself were also 

acknowledged. Overall, this chapter emphasises the increasing evidence that vaping 

presents significant respiratory risks for adolescents. 
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Chapter 7: Recommendations and Conclusion 

7.1 Introduction to Chapter 

This final chapter offers the recommendations and conclusion of the systematic literature 

review on the long-term effects of vaping on adolescent respiratory health. It begins by 

summarising the key findings of the review, emphasising their relevance to adolescent 

health, clinical practice, and public health policy. The chapter then presents practical 

recommendations for healthcare professionals, educators, policymakers, and researchers 

aimed at prevention, early intervention, and evidence-based policy development. Finally, it 

provides a concluding reflection on the overall contribution of this review to existing 

knowledge and its implications for safeguarding adolescent respiratory health in the future. 

7.2 Implications of Findings 

The findings of this review have significant implications for adolescent health and broader 

public health policies. Evidence that vaping leads to chronic respiratory symptoms, impaired 

lung function, and underlying physiological damage emphasises the urgent need for clinical 

awareness and early intervention. For healthcare professionals, this highlights the 

importance of including routine screening for vaping behaviours in adolescent health 

assessments, alongside customised counselling on associated respiratory risks, in line with 

the recommendations of Lyzwinski et al. (2022). Schools and community organisations 

should prioritise prevention strategies that challenge the myth of vaping as a safe alternative 

to smoking, supported by evidence that educational interventions reduce adolescent uptake 

(Dicasmirro et al., 2025). Additional regulatory measures are also essential to limit the 

accessibility and attractiveness of vaping products to young people. At the policy level, the 

growing body of dose–response evidence emphasises the need for stricter regulation of e-

cigarette availability, flavours, and marketing practices targeted at youth, as endorsed by 

Rusy (2021). 

7.3 Recommendations for Practice 
Based on the evidence reviewed, several recommendations can be made for practice. 

Healthcare professionals should routinely screen for vaping habits during adolescent 

consultations and include checks for respiratory symptoms such as cough, wheeze, and 

breathlessness. Schools should strengthen health education curricula to explicitly address 

vaping-related respiratory harms, counteracting peer influence and industry-driven 

misconceptions. Parents and guardians should be engaged through community campaigns 
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to raise awareness about the dangers of second-hand vapour exposure in home 

environments. Clinicians should also provide tailored cessation support to adolescents 

struggling with nicotine dependence, recognising the high prevalence of dual use with 

combustible cigarettes. Public health authorities should advocate for stricter regulation of 

youth-oriented marketing, flavoured e-liquids, and easy product accessibility. Clear, 

evidence-based messaging that vaping is not a harmless alternative, but a cause of long-

term respiratory harm, is essential. Collectively, these practices can reduce initiation, 

encourage cessation, and protect the respiratory health of adolescents during a critical stage 

of development. 

7.4 Recommendations for Future Research 

Although this review offers strong evidence of the respiratory risks of vaping in adolescents, 

important research gaps remain. Longitudinal studies are urgently needed to monitor the 

persistence and development of vaping-related respiratory impairments into adulthood, 

especially concerning chronic obstructive pulmonary disease (COPD) and asthma (Bhatta 

and Glantz, 2019). Additional experimental and cohort studies should investigate the 

biological mechanisms behind vaping-related lung damage, including the long-term effects of 

specific flavouring agents, aldehydes, and heavy metals present in e-cigarette aerosols 

(Shehata et al., 2023). Research is also required to examine the combined effects of dual 

use (vaping and smoking) on respiratory outcomes in adolescents, as well as differences in 

vulnerability based on gender, socioeconomic status, and ethnicity. Furthermore, few studies 

have assessed the full impact of second-hand vapour exposure on non-vaping adolescents, 

emphasising another critical area for exploration. Lastly, intervention research is crucial to 

assess the effectiveness of school-based education, cessation programmes, and regulatory 

policies in reducing vaping initiation and alleviating respiratory harm. 

7.5 Conclusion 

This systematic literature review aimed to examine the long-term effects of vaping on 

respiratory health in adolescents, a growing public health issue due to the widespread 

adoption of e-cigarettes among this age group. The main research question was: What are 

the long-term respiratory health effects of vaping among adolescents, and what evidence 

supports these outcomes? The review of twelve primary studies showed strong and 

consistent evidence that adolescent vaping is associated with chronic respiratory symptoms, 

impaired pulmonary function, and long-term biological damage. Among diverse populations, 
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adolescents who vape reported symptoms such as persistent cough, wheezing, phlegm, and 

worsened asthma, even at low levels of use. Clinical assessments, especially spirometry, 

confirmed reductions in lung function, including declines in forced expiratory volume (FEV1) 

and forced vital capacity (FVC), suggesting early onset of functional impairment during a 

critical stage of lung development. 

The findings also highlighted the underlying pathophysiological mechanisms through which 

vaping damages respiratory health. Disruption of pulmonary surfactant, injury to epithelial 

cells, and sustained inflammation were repeatedly identified as biological pathways 

contributing to impaired lung growth and long-term vulnerability to chronic disease. 

Furthermore, the review revealed that second-hand vapour exposure risks non-vaping 

adolescents, with household and peer environments emerging as significant contexts for 

involuntary exposure. The evidence also indicated a dose–response relationship, with more 

frequent and prolonged use linked to more severe respiratory outcomes, and earlier initiation 

increasing long-term risks. Taken together, these findings establish that vaping is not a safe 

alternative to smoking for adolescents. Rather, it independently contributes to measurable 

respiratory harm, challenging the perception that e-cigarettes are benign. The consistency of 

evidence across varied geographic and methodological contexts strengthens confidence in 

these conclusions. 

The importance of these results lies in their implications for clinical practice, education, and 

policy. Adolescents are a distinctly vulnerable group due to their developing lungs, 

susceptibility to addiction, and exposure to peer and cultural influences that normalise 

vaping. Addressing this issue requires a multi-sectoral response, including targeted 

education, routine screening, family-level interventions, and stricter regulation of vaping 

products and marketing (Reiter et al., 2023) 

In conclusion, this review provides compelling evidence that adolescent vaping has lasting 

and detrimental effects on respiratory health. Protecting young people from these harms is 

essential to safeguarding their future wellbeing. The findings should inform both immediate 

public health strategies and longer-term research priorities aimed at reducing the burden of 

vaping-related respiratory disease. 

52 



  

  

              

             

        

    

             

        

   

            

           

           

    

 

         

         

 

 

              

             

 

   

 

             

              

         

           

    

 

             

     

 

Reference List 

Adhikari, T.B., Paudel, K., Paudel, R., Bhusal, S., Rijal, A., Högman, M., Neupane, D., 

Sigsgaard, T. and Kallestrup, P. (2023). Burden and Risk Factors of Chronic Respiratory 

Diseases in Nepal, 1990–2019: an Analysis of the Global Burden of Diseases Study. Health 

Science Reports, 6(2). doi:https://doi.org/10.1002/hsr2.1091. 

Al-Shamrani, A., Bagais, K., Alenazi, A., Alqwaiee, M. and Al-Harbi, A.S. (2019). Wheezing 

in children: Approaches to Diagnosis and Management. International Journal of Pediatrics 

and Adolescent Medicine, 6(2), pp.68–73. doi:https://doi.org/10.1016/j.ijpam.2019.02.003. 

Albadrani, M.S., Tobaiqi, M.A., Muaddi, M.A., Eltahir, H.M., Abdoh, E.S., Aljohani, A.M., 

Albadawi, E.A., Alzaman, N.S., Abouzied, M.M. and Fadlalmola, H.A. (2024). A Global 

Prevalence of Electronic Nicotine Delivery Systems (ENDS) Use among students: a 

Systematic Review and meta-analysis of 4,189,145 Subjects. BMC Public Health, 24(1). 

doi:https://doi.org/10.1186/s12889-024-20858-2. 

Ali, M. (2021). A Systematic Literature Review of Sustainable Entrepreneurship with 

Thematic Analysis. World Journal of Entrepreneurship, Management and Sustainable 

Development, ahead-of-print(ahead-of-print). doi:https://doi.org/10.1108/wjemsd-11-2020-

0150. 

Alnajem, A., Redha, A., Alroumi, D., Alshammasi, A., Ali, M., Alhussaini, M., Almutairi, W., 

Esmaeil, A. and Ziyab, A.H. (2020). Use of Electronic Cigarettes and Secondhand Exposure 

to Their Aerosols Are Associated with Asthma Symptoms among adolescents: a cross-

sectional Study. Respiratory Research, 21(1). doi:https://doi.org/10.1186/s12931-020-01569-

9. 

Alwafi, H., Naser, A.Y., Ashoor, D.S., Aldhahir, A.M., Alqahtani, J.S., Minshawi, F., Salawati, 

E., Samannodi, M., Dairi, M.S., Alansari, A.K. and Ekram, R. (2023). Trends in Hospital 

Admissions and Prescribing Due to Chronic Obstructive Pulmonary Disease and Asthma in 

England and Wales between 1999 and 2020: an Ecological Study. BMC Pulmonary 

Medicine, [online] 23(1). doi:https://doi.org/10.1186/s12890-023-02342-6. [Accessed 23 Aug. 

2025]. 

Aromataris, E. and Riitano, D. (2014). Constructing a Search Strategy and Searching for 

Evidence. American Journal of Nursing, 114(5), pp.49–56. 

doi:https://doi.org/10.1097/01.NAJ.0000446779.99522.f6. 

53 

https://doi:https://doi.org/10.1097/01.NAJ.0000446779.99522.f6
https://doi:https://doi.org/10.1186/s12890-023-02342-6
https://doi:https://doi.org/10.1186/s12931-020-01569
https://doi:https://doi.org/10.1108/wjemsd-11-2020
https://doi:https://doi.org/10.1186/s12889-024-20858-2
https://doi:https://doi.org/10.1016/j.ijpam.2019.02.003
https://doi:https://doi.org/10.1002/hsr2.1091


  

    

  

  

           

       

  

  

             

   

    

            

    

     

              

 

  

    

            

          

    

              

        

      

 

            

           

 

            

          

ASH (2024). Use of e-cigarettes among Young People in Great Britain. [online] ASH. 

Available at: https://ash.org.uk/resources/view/use-of-e-cigarettes-among-young-people-in-

great-britain [Accessed 10 Jul. 2025]. 

Asthma + Lung UK (2022). Asthma + Lung UK Analysis Reveals UK Has Highest Number of 

Pneumonia Deaths in Europe | Asthma + Lung UK. [online] www.asthmaandlung.org.uk. 

Available at: https://www.asthmaandlung.org.uk/media/press-releases/asthma-lung-uk-

analysis-reveals-uk-has-highest-number-pneumonia-deaths-europe [Accessed 1 Aug. 2025]. 

Asthma and Lung UK (2023). The Number of Children Ending up in Hospital with life-

threatening Asthma Attacks More than Doubles | Asthma + Lung UK. [online] 

www.asthmaandlung.org.uk. Available at: https://www.asthmaandlung.org.uk/media/press-

releases/number-children-ending-hospital-life-threatening-asthma-attacks-more-doubles. 

[Accessed 10 Aug. 2025]. 

Ayre, J. and McCaffery, K.J. (2022). Research Note: Thematic Analysis in Qualitative 

Research. Journal of Physiotherapy, [online] 68(1), pp.76–79. 

doi:https://doi.org/10.1016/j.jphys.2021.11.002. [Accessed 2 Aug. 2025]. 

Bayly, J.E., Bernat, D., Porter, L. and Choi, K. (2019). Secondhand Exposure to Aerosols 

from Electronic Nicotine Delivery Systems and Asthma Exacerbations among Youth with 

Asthma. CHEST, [online] 155(1), pp.88–93. doi:https://doi.org/10.1016/j.chest.2018.10.005. 

[Accessed 5 Aug. 2025]. 

Bhatta, D.N. and Glantz, S.A. (2019). Association of E-Cigarette Use with Respiratory 

Disease among Adults: a Longitudinal Analysis. American Journal of Preventive Medicine, 

[online] 58(2). doi:https://doi.org/10.1016/j.amepre.2019.07.028. [Accessed 11 Aug. 2025]. 

Bold, K.W., Kong, G., Morean, M., Gueorguieva, R., Camenga, D.R., Simon, P., Davis, D.R., 

Jackson, A. and Krishnan-Sarin, S. (2021). Trends in various e-cigarette devices used by 

high school adolescents from 2017-2019. Drug and Alcohol Dependence, 219, p.108497. 

doi:https://doi.org/10.1016/j.drugalcdep.2020.108497. 

Bourke, M., Sharif, N. and Narayan, O. (2021). Association between Electronic Cigarette 

Use in Children and Adolescents and Coughing a Systematic Review. Pediatric 

Pulmonology. doi:https://doi.org/10.1002/ppul.25619. 

Bramer, W.M., Rethlefsen, M.L., Kleijnen, J. and Franco, O.H. (2017). Optimal Database 

Combinations for Literature Searches in Systematic reviews: a Prospective Exploratory 

54 

https://doi:https://doi.org/10.1002/ppul.25619
https://doi:https://doi.org/10.1016/j.drugalcdep.2020.108497
https://doi:https://doi.org/10.1016/j.amepre.2019.07.028
https://doi:https://doi.org/10.1016/j.chest.2018.10.005
https://doi:https://doi.org/10.1016/j.jphys.2021.11.002
https://www.asthmaandlung.org.uk/media/press
www.asthmaandlung.org.uk
https://www.asthmaandlung.org.uk/media/press-releases/asthma-lung-uk
www.asthmaandlung.org.uk
https://ash.org.uk/resources/view/use-of-e-cigarettes-among-young-people-in


  

  

    

             

     

        

      

            

       

   

 

            

               

             

   

  

               

   

 

           

 

   

         

      

   

               

             

 

     

    

Study. Systematic Reviews, [online] 6(1), p.245. doi:https://doi.org/10.1186/s13643-017-

0644-y. [Accessed 8 Aug. 2025]. 

Brose, L.S., Reid, J.L., Robson, D., McNeill, A. and Hammond, D. (2024). Associations 

between Vaping and self-reported Respiratory Symptoms in Young People in Canada, 

England and the US. BMC medicine, 22(1). doi:https://doi.org/10.1186/s12916-024-03428-6. 

Burls, A. (2009). What Is Critical Appraisal? International Journal of Evidence-Based 

Practice for the Dental Hygienist, 1(2), pp.80–85. doi:https://doi.org/10.11607/ebh.001516. 

Burns, D.K., Jones, A.P. and Suhrcke, M. (2016). The Relationship between International 

Trade and non-nutritional Health outcomes: a Systematic Review of Quantitative Studies. 

Social Science & Medicine, 152, pp.9–17. 

doi:https://doi.org/10.1016/j.socscimed.2016.01.021. 

Bush, A., Byrnes, C.A., Chan, K.C., Chang, A.B., Ferreira, J.C., Holden, K.A., Lovinsky-

Desir, S., Redding, G., Singh, V., Sinha, I.P. and Zar, H.J. (2024). Social Determinants of 

Respiratory Health from birth: Still of Concern in the 21st century? European Respiratory 

Review, [online] 33(172). doi:https://doi.org/10.1183/16000617.0222-2023. [Accessed 27 

Aug. 2025]. 

Cabrera, D., Cabrera, L. and Cabrera, E. (2023). The Steps to Doing a Systems Literature 

Review (SLR). Journal of Systems Thinking Preprints. 

doi:https://doi.org/10.54120/jost.pr000019.v1. 

Campbell, D. (2024). Breathing Issues Cause More Emergency NHS Admissions than Any 

Other Condition. [online] the Guardian. Available at: 

https://www.theguardian.com/society/2024/nov/11/breathing-issues-cause-more-emergency-

nhs-admissions-than-any-other-condition [Accessed 11 Jun. 2025]. 

Centers for Disease Control and Prevention (2024). About E-Cigarettes (Vapes). [online] 

Smoking and Tobacco Use. Available at: https://www.cdc.gov/tobacco/e-

cigarettes/about.html. [Accessed 1 Jul. 2025]. 

Chen, S., Kuhn, M., Klaus Prettner, Yu, F., Yang, T., Till Bärnighausen, Bloom, D.E. and 

Wang, C. (2023). The global economic burden of chronic obstructive pulmonary disease for 

204 countries and territories in 2020–50: a health-augmented macroeconomic modelling 

study. The Lancet Global Health, [online] 11(8), pp.e1183–e1193. 

doi:https://doi.org/10.1016/s2214-109x(23)00217-6. [Accessed 2 Jul. 2025]. 

55 

https://www.cdc.gov/tobacco/e
https://www.theguardian.com/society/2024/nov/11/breathing-issues-cause-more-emergency
https://doi:https://doi.org/10.54120/jost.pr000019.v1
https://doi:https://doi.org/10.1183/16000617.0222-2023
https://doi:https://doi.org/10.1016/j.socscimed.2016.01.021
https://doi:https://doi.org/10.11607/ebh.001516
https://doi:https://doi.org/10.1186/s12916-024-03428-6
https://doi:https://doi.org/10.1186/s13643-017


  

            

             

        

 

    

              

         

 

            

 

 

     

              

            

    

 

           

           

    

 

            

      

   

 

         

        

 

      

       

 

Cherian, C., Buta, E., Simon, P., Gueorguieva, R. and Krishnan-Sarin, S. (2021). 

Association of Vaping and Respiratory Health among Youth in the Population Assessment of 

Tobacco and Health (PATH) Study Wave 3. International Journal of Environmental Research 

and Public Health, [online] 18(15), p.8208. doi:https://doi.org/10.3390/ijerph18158208. 

[Accessed 14 Aug. 2025]. 

Choi, H., Lin, Y., Race, E. and Macmurdo, M.G. (2021). Electronic Cigarettes and Alternative 

Methods of Vaping. Annals of the American Thoracic Society, 18(2), pp.191–199. 

doi:https://doi.org/10.1513/annalsats.202005-511cme. 

Clark, S.N., Lam, H.C.Y., Goode, E.-J., Marczylo, E.L., Exley, K.S. and Dimitroulopoulou, S. 

(2023). The Burden of Respiratory Disease from Formaldehyde, Damp and Mould in English 

Housing. Environments, [online] 10(8), p.136. 

doi:https://doi.org/10.3390/environments10080136. [Accessed 23 Aug. 2025]. 

Cooper, C., Booth, A., Varley-Campbell, J., Britten, N. and Garside, R. (2018). Defining the 

Process to Literature Searching in Systematic reviews: a Literature Review of Guidance and 

Supporting Studies. BMC Medical Research Methodology, 18(1). 

doi:https://doi.org/10.1186/s12874-018-0545-3. 

Cortes-Ramirez, J., Wilches-Vega, J.D., Paris-Pineda, O.M., Rod, J.E., Ayurzana, L. and 

Sly, P.D. (2021). Environmental Risk Factors Associated with Respiratory Diseases in 

Children with Socioeconomic Disadvantage. Heliyon, 7(4), p.e06820. 

doi:https://doi.org/10.1016/j.heliyon.2021.e06820. 

Costa, W.P.D., Fernendes, M.D.S., Memon, A.R., Rayanne, P., Sousa, M.D.M., Noll, E.S. 

and Niall, M. (2024). Factors influencing the work of researchers in Scientific Initiation: A 

systematic review protocol. PLOS ONE, 19(1), pp.e0297186–e0297186. 

doi:https://doi.org/10.1371/journal.pone.0297186. 

Coughlan, M., Cronin, P. and Ryan, F. (2007). Step-by-step Guide to Critiquing research. 

Part 1: Quantitative Research. British Journal of Nursing, 16(11), pp.658–663. 

doi:https://doi.org/10.12968/bjon.2007.16.11.23681. 

Cuesta, J. and Leone, M. (2019). HUMANITARIAN CRISES AND ADOLESCENT WELL-

BEING: KNOWLEDGE, GAPS, AND PROSPECTS. Journal of Economic Surveys. 

doi:https://doi.org/10.1111/joes.12339. 

56 

https://doi:https://doi.org/10.1111/joes.12339
https://doi:https://doi.org/10.12968/bjon.2007.16.11.23681
https://doi:https://doi.org/10.1371/journal.pone.0297186
https://doi:https://doi.org/10.1016/j.heliyon.2021.e06820
https://doi:https://doi.org/10.1186/s12874-018-0545-3
https://doi:https://doi.org/10.3390/environments10080136
https://doi:https://doi.org/10.1513/annalsats.202005-511cme
https://doi:https://doi.org/10.3390/ijerph18158208


  

              

         

  

          

               

       

     

            

             

     

 

             

            

    

     

             

              

    

     

              

  

     

               

 

    

              

              

  

    

       

 

De Boer, S., Lewis, C.A., Fergusson, W., Ellyett, K. and Wilsher, M.L. (2018). Ethnicity, 

Socioeconomic Status and the Severity and Course of non-cystic Fibrosis Bronchiectasis. 

Internal Medicine Journal, 48(7), pp.845–850. doi:https://doi.org/10.1111/imj.13739. 

Díez-Domingo, J., Pérez-Yarza, E.G., Melero, J.A., Sánchez-Luna, M., Aguilar, M.D., 

Blasco, A.J., Alfaro, N. and Lázaro, P. (2014). Social, economic, and Health Impact of the 

Respiratory Syncytial virus: a Systematic Search. BMC Infectious Diseases, [online] 14, 

p.544. doi:https://doi.org/10.1186/s12879-014-0544-x. [Accessed 4 Jun. 2025]. 

Eriksen, M.B. and Frandsen, T.F. (2018). The Impact of Patient, Intervention, Comparison, 

Outcome (PICO) as a Search Strategy Tool on Literature Search Quality: a Systematic 

Review. Journal of the Medical Library Association, [online] 106(4), pp.420–431. 

doi:https://doi.org/10.5195/jmla.2018.345. 

Famiglietti, A., Memoli, J.W. and Khaitan, P.G. (2021). Are Electronic Cigarettes and Vaping 

Effective Tools for Smoking cessation? Limited Evidence on Surgical outcomes: a Narrative 

Review. Journal of Thoracic Disease, [online] 13(1), pp.384–395. 

doi:https://doi.org/10.21037/jtd-20-2529. [Accessed 9 Aug. 2025]. 

Gambadauro, A., Galletta, F., Andrenacci, B., Foti Randazzese, S., Patria, M.F. and Manti, 

S. (2025). Impact of E-Cigarettes on Fetal and Neonatal Lung Development: the Influence of 

Oxidative Stress and Inflammation. Antioxidants, [online] 14(3), p.262. 

doi:https://doi.org/10.3390/antiox14030262. [Accessed 21 Aug. 2025]. 

Gotts, J.E., Jordt, S.-E., McConnell, R. and Tarran, R. (2019). What Are the Respiratory 

Effects of e-cigarettes? BMJ, [online] 366(5275), p.l5275. 

doi:https://doi.org/10.1136/bmj.l5275. [Accessed 30 Aug. 2025]. 

Gregory, A. (2025). Calls to Clean up England’s ‘toxic Air’ as GP Visits for Asthma Attacks 

Rise 45%. [online] the Guardian. Available at: 

https://www.theguardian.com/society/2025/jun/29/england-air-pollution-gp-visits-for-asthma-

attacks-rise-45-per-cent. [Accessed 24 Jun. 2025]. 

Groom, A.L., Vu, T.-H.T., Landry, R.L., Kesh, A., Hart, J.L., Walker, K.L., Wood, L.A., 

Robertson, R.M. and Payne, T.J. (2021). The Influence of Friends on Teen vaping: a mixed-

methods Approach. International Journal of Environmental Research and Public Health, 

[online] 18(13), p.6784. doi:https://doi.org/10.3390/ijerph18136784. [Accessed 25 Jul. 2025]. 

Haddad, M. and Sharma, S. (2023). Physiology, Lung. [online] PubMed. Available at: 

https://pubmed.ncbi.nlm.nih.gov/31424761/. 

57 

https://pubmed.ncbi.nlm.nih.gov/31424761
https://doi:https://doi.org/10.3390/ijerph18136784
https://www.theguardian.com/society/2025/jun/29/england-air-pollution-gp-visits-for-asthma
https://doi:https://doi.org/10.1136/bmj.l5275
https://doi:https://doi.org/10.3390/antiox14030262
https://doi:https://doi.org/10.21037/jtd-20-2529
https://doi:https://doi.org/10.5195/jmla.2018.345
https://doi:https://doi.org/10.1186/s12879-014-0544-x
https://doi:https://doi.org/10.1111/imj.13739


  

           

  

    

             

      

  

    

        

 

         

 

                  

            

           

    

 

         

   

              

             

     

  

             

         

   

  

             

      

 

               

       

 

Haile, Z.T. (2021). Critical Appraisal Tools and Reporting Guidelines. Journal of Human 

Lactation, [online] 38(1), pp.21–27. doi:https://doi.org/10.1177/08903344211058374. 

[Accessed 31 Aug. 2025]. 

Hammond, D., Reid, J.L., Cole, A.G. and Leatherdale, S.T. (2017). Electronic Cigarette Use 

and Smoking Initiation among youth: a Longitudinal Cohort Study. Canadian Medical 

Association Journal, [online] 189(43), pp.E1328–E1336. 

doi:https://doi.org/10.1503/cmaj.161002. [Accessed 24 Jun. 2025]. 

Hardwicke, T.E., Wallach, J.D., Kidwell, M.C., Bendixen, T., Crüwell, S. and Ioannidis, J.P.A. 

(2020). An Empirical Assessment of Transparency and reproducibility-related Research 

Practices in the Social Sciences (2014–2017). Royal Society Open Science, 7(2), p.190806. 

doi:https://doi.org/10.1098/rsos.190806. 

He, Y., Yang, Q., Yousef Alish, Ma, S., Qiu, Z., Chen, J., Wagener, T. and Shang, C. (2024). 

Relationship between Product Features and the Prices of e-Cigarette Devices Sold in Web-

Based Vape Shops: Comparison Study Using a Linear Regression Model. JMIR Formative 

Research, [online] 8(1), p.e49276. doi:https://doi.org/10.2196/49276. [Accessed 13 Aug. 

2025]. 

Higgins, J.P.T. (2019). Cochrane Handbook for Systematic Reviews of Interventions. [online] 

Wiley. doi:https://doi.org/10.1002/9781119536604. [Accessed 12 Jul. 2025]. 

Hirons, B., Rhatigan, K., Kesavan, H., Turner, R.D., Birring, S.S. and Cho, P.S.P. (2023). 

Cough in Chronic Lung disease: a State of the Art Review. Journal of Thoracic Disease, 

[online] 15(10). doi:https://doi.org/10.21037/jtd-22-1776. [Accessed 26 Aug. 2025]. 

Honeycutt, L., Huerne, K., Miller, A., Wennberg, E., Filion, K.B., Grad, R., Gershon, A.S., 

Ells, C., Gore, G., Benedetti, A., Thombs, B. and Eisenberg, M.J. (2022). A Systematic 

Review of the Effects of e-cigarette Use on Lung Function. Npj Primary Care Respiratory 

Medicine, [online] 32(1), pp.1–7. doi:https://doi.org/10.1038/s41533-022-00311-w. [Accessed 

21 Aug. 2025]. 

Hsia, C.C.W., Hyde, D.M. and Weibel, E.R. (2016). Lung Structure and the Intrinsic 

Challenges of Gas Exchange. Comprehensive Physiology, 6(2), pp.827–895. 

doi:https://doi.org/10.1002/j.2040-4603.2016.tb00698.x. 

Huang, X., O’Connor, M., Ke, L.-S. and Lee, S. (2014). Ethical and Methodological Issues in 

Qualitative Health Research Involving Children. Nursing Ethics, 23(3), pp.339–356. 

doi:https://doi.org/10.1177/0969733014564102. 

58 

https://doi:https://doi.org/10.1177/0969733014564102
https://doi:https://doi.org/10.1002/j.2040-4603.2016.tb00698.x
https://doi:https://doi.org/10.1038/s41533-022-00311-w
https://doi:https://doi.org/10.21037/jtd-22-1776
https://doi:https://doi.org/10.1002/9781119536604
https://doi:https://doi.org/10.2196/49276
https://doi:https://doi.org/10.1098/rsos.190806
https://doi:https://doi.org/10.1503/cmaj.161002
https://doi:https://doi.org/10.1177/08903344211058374


  

           

     

   

 

      

  

       

   

 

            

             

            

       

  

  

              

           

   

             

     

 

            

          

   

 

                

             

        

   

            

            

      

Jackson, S.E., Brown, J., Shahab, L. and Cox, S. (2024). Use, perceptions, and 

Effectiveness of e-cigarettes for Smoking Cessation among Older Adults in England: a 

Population study, 2014–2024. BMC Medicine, 22(1). doi:https://doi.org/10.1186/s12916-024-

03728-x. 

Jonas, A. (2022). Impact of Vaping on Respiratory Health. BMJ, [online] 378(378). 

doi:https://doi.org/10.1136/bmj-2021-065997. [Accessed 21 Jul. 2025]. 

Jongenelis, M.I. (2023). E-cigarette Product Preferences of Australian Adolescent and Adult 

users: a 2022 Study. BMC Public Health, 23(1). doi:https://doi.org/10.1186/s12889-023-

15142-8. 

Kabir, R., Hayhoe, R., Bai, A.C.M., Vinnakota, D., Sivasubramanian, M., Afework, S., 

Chilaka, M., Mohammadnezhad, M., Aremu, O., Sah, R.K., Khan, H.T.A., Messner, S., Syed, 

H.Z. and Parsa, A.D. (2023). The Systematic Literature Review process: a Simple Guide for 

Public Health and Allied Health Students. International Journal of Research in Medical 

Sciences, [online] 11(9). doi:https://doi.org/10.18203/2320-6012.ijrms20232496. [Accessed 

20 Aug. 2025]. 

Kass, A.P., Overbeek, D.L., Chiel, L.E., Boyer, E.W. and Casey, A.M.H. (2020). Case series: 

Adolescent Victims of the Vaping Public Health Crisis with Pulmonary Complications. 

Pediatric Pulmonology, 55(5), pp.1224–1236. doi:https://doi.org/10.1002/ppul.24729. 

Kelly, K.J. and Poole, J.A. (2019). Pollutants in the workplace: Effect on Occupational 

Asthma. Journal of Allergy and Clinical Immunology, 143(6), pp.2014–2015. 

doi:https://doi.org/10.1016/j.jaci.2019.04.013. 

Khaltaev, N. and Axelrod, S. (2019). Chronic Respiratory Diseases Global Mortality trends, 

Treatment guidelines, Life Style modifications, and Air pollution: Preliminary Analysis. 

Journal of Thoracic Disease, 11(6), pp.2643–2655. 

doi:https://doi.org/10.21037/jtd.2019.06.08. 

Kim, T.H., Kim, H., Oh, J., Kim, S., Miligkos, M., Yon, D.K. and Papadopoulos, N.G. (2025). 

Global Burden of Asthma among Children and Adolescents with Projections to 2050: a 

Comprehensive Review and Forecasted Modeling Study. Clinical and Experimental 

Pediatrics. [online] doi:https://doi.org/10.3345/cep.2025.00423. [Accessed 1 Jun. 2025]. 

Kotoulas, S.-C., Pataka, A., Domvri, K., Spyratos, D., Katsaounou, P., Porpodis, K., Fouka, 

E., Markopoulou, A., Passa-Fekete, K., Grigoriou, I., Kontakiotis, T., Argyropoulou, P. and 

Papakosta, D. (2020). Acute Effects of e-cigarette Vaping on Pulmonary Function and 

59 

https://doi:https://doi.org/10.3345/cep.2025.00423
https://doi:https://doi.org/10.21037/jtd.2019.06.08
https://doi:https://doi.org/10.1016/j.jaci.2019.04.013
https://doi:https://doi.org/10.1002/ppul.24729
https://doi:https://doi.org/10.18203/2320-6012.ijrms20232496
https://doi:https://doi.org/10.1186/s12889-023
https://doi:https://doi.org/10.1136/bmj-2021-065997
https://doi:https://doi.org/10.1186/s12916-024


  

          

    

           

     

       

   

    

               

            

             

            

             

         

     

         

 

    

          

       

    

 

              

            

    

  

              

             

      

    

          

      

   

Airway Inflammation in Healthy Individuals and in Patients with Asthma. Respirology, [online] 

25(10). doi:https://doi.org/10.1111/resp.13806. [Accessed 20 Jun. 2025]. 

Kurdyś-Bykowska, P., Kośmider, L., Bykowski, W., Konwant, D. and Stencel-Gabriel, K. 

(2024). Epidemiology of Traditional Cigarette and E-Cigarette Use among Adolescents in 

Poland: Analysis of Sociodemographic Risk Factors. International Journal of Environmental 

Research and Public Health, [online] 21(11), p.1493. 

doi:https://doi.org/10.3390/ijerph21111493. [Accessed 29 Jun. 2025]. 

Li, Y., Wang, X., Blau, D.M., Caballero, M.T., Feikin, D.R., Gill, C.J., Madhi, S.A., Omer, 

S.B., Simões, E.A.F., Campbell, H., Pariente, A.B., Bardach, D., Bassat, Q., Casalegno, J.-

S., Chakhunashvili, G., Crawford, N., Danilenko, D., Do, L.A.H., Echavarria, M. and Gentile, 

A. (2022). Global, regional, and National Disease Burden Estimates of Acute Lower 

Respiratory Infections Due to Respiratory Syncytial Virus in Children Younger than 5 Years 

in 2019: a Systematic Analysis. Lancet (London, England), [online] 399(10340), pp.2047– 

2064. doi:https://doi.org/10.1016/S0140-6736(22)00478-0. [Accessed 12 Aug. 2025]. 

Lloyd, C.M. and Saglani, S. (2023). Early-life Respiratory Infections and Developmental 

Immunity Determine Lifelong Lung Health. Nature Immunology, [online] 24(8), pp.1234– 

1243. doi:https://doi.org/10.1038/s41590-023-01550-w. [Accessed 23 Jul. 2025]. 

Lyzwinski, L.N., Naslund, J.A., Miller, C.J. and Eisenberg, M.J. (2022). Global Youth Vaping 

and Respiratory health: Epidemiology, interventions, and Policies. Primary Care Respiratory 

Medicine, [online] 32(1). doi:https://doi.org/10.1038/s41533-022-00277-9. [Accessed 4 Aug. 

2025]. 

Ma, L.-L., Wang, Y.-Y., Yang, Z.-H., Huang, D., Weng, H. and Zeng, X.-T. (2020). 

Methodological Quality (Risk of Bias) Assessment Tools for Primary and Secondary Medical 

studies: What Are They and Which Is better? Military Medical Research, [online] 7(7). 

doi:https://doi.org/10.1186/s40779-020-00238-8. [Accessed 13 Jun. 2025]. 

Man, W., Chaplin, E., Daynes, E., Drummond, A., Evans, R.A., Greening, N.J., Nolan, C., 

Pavitt, M.J., Roberts, N.J., Vogiatzis, I. and Singh, S.J. (2023). British Thoracic Society 

Clinical Statement on pulmonary rehabilitation. Thorax, [online] 78(Suppl 4), pp.s2–s15. 

doi:https://doi.org/10.1136/thorax-2023-220439. [Accessed 23 Jul. 2025]. 

Marcos-Pablos, S. and García-Peñalvo, F.J. (2018). Information Retrieval Methodology for 

Aiding Scientific Database Search. Soft Computing, [online] 24(8), pp.5551–5560. 

doi:https://doi.org/10.1007/s00500-018-3568-0. [Accessed 7 Jun. 2025]. 

60 

https://doi:https://doi.org/10.1007/s00500-018-3568-0
https://doi:https://doi.org/10.1136/thorax-2023-220439
https://doi:https://doi.org/10.1186/s40779-020-00238-8
https://doi:https://doi.org/10.1038/s41533-022-00277-9
https://doi:https://doi.org/10.1038/s41590-023-01550-w
https://doi:https://doi.org/10.3390/ijerph21111493
https://doi:https://doi.org/10.1111/resp.13806


  

             

            

   

            

 

  

   

              

             

      

     

              

     

         

     

   

      

    

 

             

   

 

         

     

  

              

            

   

 

 

           

          

Martinez, C.H., Mannino, D.M., Curtis, J.L., Han, M.K. and Diaz, A.A. (2015). Socioeconomic 

Characteristics Are Major Contributors to Ethnic Differences in Health Status in Obstructive 

Lung Disease. Chest, 148(1), pp.151–158. doi:https://doi.org/10.1378/chest.14-1814. 

Mathiarasan, S. and Hüls, A. (2021). Impact of Environmental Injustice on Children’s 

Health—Interaction between Air Pollution and Socioeconomic Status. International Journal 

of Environmental Research and Public Health, [online] 18(2). 

doi:https://doi.org/10.3390/ijerph18020795. [Accessed 9 Jun. 2025]. 

McCausland, K., Jancey, J., Leaver, T., Wolf, K., Freeman, B. and Maycock, B. (2020). 

Motivations for use, Identity and the Vaper subculture: a Qualitative Study of the 

Experiences of Western Australian Vapers. BMC Public Health, [online] 20(1). 

doi:https://doi.org/10.1186/s12889-020-09651-z. [Accessed 6 Aug. 2025]. 

McConnell, R., Barrington-Trimis, J.L., Wang, K., Urman, R., Hong, H., Unger, J., Samet, J., 

Leventhal, A. and Berhane, K. (2017). Electronic Cigarette Use and Respiratory Symptoms 

in Adolescents. American journal of respiratory and critical care medicine, [online] 195(8), 

pp.1043–1049. doi:https://doi.org/10.1164/rccm.201604-0804OC. [Accessed 30 Jun. 2025]. 

Mengist, W., Soromessa, T. and Legese, G. (2020). Method for Conducting Systematic 

Literature Review and Meta-Analysis for Environmental Science Research. MethodsX, 

[online] 7(7), pp.1–11. doi:https://doi.org/10.1016/j.mex.2019.100777. [Accessed 22 Aug. 

2025]. 

Miller, T. and Fleming, K. (2016). Research Strategy for Searching the Literature More 

Effectively. ACS Symposium Series, pp.169–186. doi:https://doi.org/10.1021/bk-2016-

1232.ch009. 

Miyashita, L. and Foley, G. (2020). E-cigarettes and Respiratory health: the Latest Evidence. 

The Journal of Physiology, [online] 598(22). doi:https://doi.org/10.1113/jp279526. [Accessed 

15 Jun. 2025]. 

Moss, J.W.E., Davidson, C., Mattock, R., Gibbons, I., Mealing, S. and Carroll, S. (2020). 

Quantifying the Direct Secondary Health Care Cost of Seasonal Influenza in England. BMC 

Public Health, [online] 20(1). doi:https://doi.org/10.1186/s12889-020-09553-0. [Accessed 11 

Jun. 2025]. 

Mughis, M., Ahmad, M., Rashid, H., Nasir, A., Mukarram, H., Chaudhary, S., Tariq, S. and 

Zaman, T. (2024). Assessment of Respiratory Health Implications of Vaping: A Systematic 

Review of Toxicity Mechanisms and Adverse Effects of Electronic Nicotine Delivery 

61 

https://doi:https://doi.org/10.1186/s12889-020-09553-0
https://doi:https://doi.org/10.1113/jp279526
https://doi:https://doi.org/10.1021/bk-2016
https://doi:https://doi.org/10.1016/j.mex.2019.100777
https://doi:https://doi.org/10.1164/rccm.201604-0804OC
https://doi:https://doi.org/10.1186/s12889-020-09651-z
https://doi:https://doi.org/10.3390/ijerph18020795
https://doi:https://doi.org/10.1378/chest.14-1814


  

   

 

              

            

            

 

     

 

                

           

   

 

               

           

         

     

 

            

 

    

            

     

      

  

 

             

   

              

           

            

     

   

Systems. Cureus, [online] 16(9). doi:https://doi.org/10.7759/cureus.69236. [Accessed 23 Jul. 

2025]. 

Mukherjee, M., Stoddart, A., Gupta, R.P., Nwaru, B.I., Farr, A., Heaven, M., Fitzsimmons, D., 

Bandyopadhyay, A., Aftab, C., Simpson, C.R., Lyons, R.A., Fischbacher, C., Dibben, C., 

Shields, M.D., Phillips, C.J., Strachan, D.P., Davies, G.A., McKinstry, B. and Sheikh, A. 

(2016). The epidemiology, Healthcare and Societal Burden and Costs of Asthma in the UK 

and Its Member nations: Analyses of Standalone and Linked National Databases. BMC 

Medicine, 14(1). doi:https://doi.org/10.1186/s12916-016-0657-8. 

Munn, Z., Moola, S., Riitano, D. and Lisy, K. (2014). The Development of a Critical Appraisal 

Tool for Use in Systematic Reviews Addressing Questions of Prevalence. International 

Journal of Health Policy and Management, 3(3), pp.123–128. 

doi:https://doi.org/10.15171/ijhpm.2014.71. 

Munn, Z., Stern, C., Aromataris, E., Lockwood, C. and Jordan, Z. (2018). What Kind of 

Systematic Review Should I conduct? a Proposed Typology and Guidance for Systematic 

Reviewers in the Medical and Health Sciences. BMC Medical Research Methodology, 

[online] 18(1), pp.1–9. doi:https://doi.org/10.1186/s12874-017-0468-4. [Accessed 26 Aug. 

2025]. 

National Heart, Lung, and Blood Institute (2022). How the Lungs Work - the Respiratory 

System . [online] www.nhlbi.nih.gov. Available at: 

https://www.nhlbi.nih.gov/health/lungs/respiratory-system. [Accessed 23 Jul. 2025]. 

Nessen, E., Toussaint, B., Israëls, J., Brinkman, P., Maitland-van der Zee, A.-H. and 

Haarman, E. (2024). The Non-Invasive Detection of Pulmonary Exacerbations in Disorders 

of Mucociliary Clearance with Breath Analysis: a Systematic Review. Journal of Clinical 

Medicine, [online] 13(12), p.3372. doi:https://doi.org/10.3390/jcm13123372. [Accessed 24 

Jun. 2025]. 

Paez, A. (2017). Gray literature: an Important Resource in Systematic Reviews. Journal of 

Evidence-Based Medicine, 10(3), pp.233–240. doi:https://doi.org/10.1111/jebm.12266. 

Patel, A., Cook, S., Mattingly, D.T., Barnes, G.D., Arenberg, D.A., Levy, D.T., Meza, R., 

Fleischer, N.L. and Hirschtick, J.L. (2023). Longitudinal Association between Exclusive and 

Dual Use of Cigarettes and Electronic Nicotine Delivery Systems and Asthma among U.S. 

Adolescents. Journal of Adolescent Health, [online] 73(3), pp.437–444. 

doi:https://doi.org/10.1016/j.jadohealth.2023.04.009. [Accessed 21 Jun. 2025]. 

62 

https://doi:https://doi.org/10.1016/j.jadohealth.2023.04.009
https://doi:https://doi.org/10.1111/jebm.12266
https://doi:https://doi.org/10.3390/jcm13123372
https://www.nhlbi.nih.gov/health/lungs/respiratory-system
www.nhlbi.nih.gov
https://doi:https://doi.org/10.1186/s12874-017-0468-4
https://doi:https://doi.org/10.15171/ijhpm.2014.71
https://doi:https://doi.org/10.1186/s12916-016-0657-8
https://doi:https://doi.org/10.7759/cureus.69236


  

             

      

     

                

     

    

             

                

          

            

 

            

           

 

          

   

            

            

           

  

 

              

   

  

             

    

  

            

             

Pati, D. and Lorusso, L.N. (2018). How to Write a Systematic Review of the Literature. 

HERD: Health Environments Research & Design Journal, [online] 11(1), pp.15–30. 

doi:https://doi.org/10.1177/1937586717747384. [Accessed 26 Aug. 2025]. 

Peters, M., Godfrey, C., McInerney, P., Munn, Z., Trico, A. and Khalil, H. (2020). Chapter 11: 

Scoping Reviews. JBI Manual for Evidence Synthesis. [online] 

doi:https://doi.org/10.46658/jbimes-20-12. [Accessed 26 Jun. 2025]. 

Pottier, P., Lagisz, M., Burke, S., Drobniak, S.M., Downing, P.A., Macartney, E.L., Martinig, 

A.R., Mizuno, A., Morrison, K., Pollo, P., Ricolfi, L., Tam, J., Williams, C., Yang, Y. and 

Nakagawa, S. (2024). Title, Abstract and keywords: a Practical Guide to Maximize the 

Visibility and Impact of Academic Papers. Proceedings of the Royal Society B Biological 

Sciences, 291(2027). doi:https://doi.org/10.1098/rspb.2024.1222. 

Pouptsis, A., Zaragozá, R., García-Trevijano, E., Viña, J. and Ortiz-Zapater, E. (2025). 

Nutrition, Lifestyle, and Environmental Factors in Lung Homeostasis and Respiratory Health. 

Nutrients, 17(6), p.954. doi:https://doi.org/10.3390/nu17060954. 

Quanjer, P.H. (2015). Lung function, Genetics and Socioeconomic Conditions. European 

Respiratory Journal, 45(6), pp.1529–1533. doi:https://doi.org/10.1183/09031936.00053115. 

Reiter, A., Hébert-Losier, A., Mylocopos, G., Filion, K.B., Windle, S.B., O’Loughlin, J.L., 

Grad, R. and Eisenberg, M.J. (2023). Regulatory Strategies for Preventing and Reducing 

Nicotine Vaping among youth: a Systematic Review. American Journal of Preventive 

Medicine, [online] 66(1). doi:https://doi.org/10.1016/j.amepre.2023.08.002. [Accessed 23 Jul. 

2025]. 

Royal College of Paediatrics and Child Health (2020). Asthma – RCPCH – State of Child 

Health. [online] stateofchildhealth.rcpch.ac.uk. Available at: 

https://stateofchildhealth.rcpch.ac.uk/evidence/long-term-conditions/asthma/. [Accessed 22 

Aug. 2025]. 

Royal College Of Physicians (2025). A Breath of Fresh air: Responding to the Health 

Challenges of Modern Air Pollution. [online] Rcp.ac.uk. Available at: 

https://www.rcp.ac.uk/policy-and-campaigns/policy-documents/a-breath-of-fresh-air-

responding-to-the-health-challenges-of-modern-air-pollution/ [Accessed 18 Aug. 2025]. 

Sauer, P.C. and Seuring, S. (2023). How to Conduct Systematic Literature Reviews in 

Management research: a Guide in 6 Steps and 14 Decisions. How to conduct systematic 

63 

https://www.rcp.ac.uk/policy-and-campaigns/policy-documents/a-breath-of-fresh-air
https://Rcp.ac.uk
https://stateofchildhealth.rcpch.ac.uk/evidence/long-term-conditions/asthma
https://stateofchildhealth.rcpch.ac.uk
https://doi:https://doi.org/10.1016/j.amepre.2023.08.002
https://doi:https://doi.org/10.1183/09031936.00053115
https://doi:https://doi.org/10.3390/nu17060954
https://doi:https://doi.org/10.1098/rspb.2024.1222
https://doi:https://doi.org/10.46658/jbimes-20-12
https://doi:https://doi.org/10.1177/1937586717747384


  

            

 

            

         

 

              

    

          

             

   

 

              

        

      

             

                

            

 

             

    

   

             

           

    

  

            

             

              

           

      

    

    

literature reviews in management research: a guide in 6 steps and 14 decisions, 17(5). 

doi:https://doi.org/10.1007/s11846-023-00668-3. 

Schweitzer, R.J., Wills, T.A., Tam, E., Pagano, I. and Choi, K. (2017). E-cigarette Use and 

Asthma in a Multiethnic Sample of Adolescents. Preventive Medicine, 105, pp.226–231. 

doi:https://doi.org/10.1016/j.ypmed.2017.09.023. 

Serebrisky, D. and Wiznia, A. (2019). Pediatric Asthma: a Global Epidemic. Annals of Global 

Health, [online] 85(1). doi:https://doi.org/10.5334/aogh.2416. [Accessed 11 Jul. 2025]. 

Sesagiri Raamkumar, A., Foo, S. and Pang, N. (2017). Using author-specified Keywords in 

Building an Initial Reading List of Research Papers in Scientific Paper Retrieval and 

Recommender Systems. Information Processing & Management, 53(3), pp.577–594. 

doi:https://doi.org/10.1016/j.ipm.2016.12.006. 

Shehata, S.A., Toraih, E.A., Ismail, E.A., Hagras, A.M., Elmorsy, E. and Fawzy, M.S. (2023). 

Vaping, Environmental Toxicants Exposure, and Lung Cancer Risk. Cancers, [online] 

15(18), p.4525. doi:https://doi.org/10.3390/cancers15184525. [Accessed 24 Jun. 2025]. 

Shi, T., McAllister, D.A., O’Brien, K.L., Simoes, E.A.F., Madhi, S.A., Gessner, B.D., Polack, 

F.P., Balsells, E., Acacio, S., Aguayo, C., Alassani, I., Ali, A., Antonio, M., Awasthi, S., Awori, 

J.O., Azziz-Baumgartner, E., Baggett, H.C., Baillie, V.L., Balmaseda, A. and Barahona, A. 

(2017). Global, regional, and national disease burden estimates of acute lower respiratory 

infections due to respiratory syncytial virus in young children in 2015: a systematic review 

and modelling study. The Lancet, [online] 390(10098), pp.946–958. 

doi:https://doi.org/10.1016/S0140-6736(17)30938-8. [Accessed 21 Jul. 2025]. 

Skelton, E., Drey, N., Rutherford, M., Ayers, S. and Malamateniou, C. (2020). Electronic 

Consenting for Conducting Research remotely: a Review of Current Practice and Key 

Recommendations for Using e-consenting. International Journal of Medical Informatics, 143, 

p.104271. doi:https://doi.org/10.1016/j.ijmedinf.2020.104271. 

Soriano, J.B., Kendrick, P.J., Paulson, K.R., Gupta, V., Abrams, E.M., Adedoyin, R.A., 

Adhikari, T.B., Advani, S.M., Agrawal, A., Ahmadian, E., Alahdab, F., Aljunid, S.M., Altirkawi, 

K.A., Alvis-Guzman, N., Anber, N.H., Andrei, C.L., Anjomshoa, M., Ansari, F., Antó, J.M. and 

Arabloo, J. (2020). Prevalence and Attributable Health Burden of Chronic Respiratory 

diseases, 1990–2017: a Systematic Analysis for the Global Burden of Disease Study 2017. 

The Lancet Respiratory Medicine, [online] 8(6), pp.585–596. 

doi:https://doi.org/10.1016/S2213-2600(20)30105-3. [Accessed 17 Aug. 2025]. 

64 

https://doi:https://doi.org/10.1016/j.ijmedinf.2020.104271
https://doi:https://doi.org/10.3390/cancers15184525
https://doi:https://doi.org/10.1016/j.ipm.2016.12.006
https://doi:https://doi.org/10.5334/aogh.2416
https://doi:https://doi.org/10.1016/j.ypmed.2017.09.023
https://doi:https://doi.org/10.1007/s11846-023-00668-3


  

            

           

   

 

               

          

             

 

              

        

 

         

           

              

  

           

     

 

              

              

   

   

 

              

           

           

   

  

           

      

Stefaniak, A.B., Ranpara, A.C., Virji, M.A. and LeBouf, R.F. (2022). Influence of E-Liquid 

Humectants, Nicotine, and Flavorings on Aerosol Particle Size Distribution and Implications 

for Modeling Respiratory Deposition. Frontiers in Public Health, 10. 

doi:https://doi.org/10.3389/fpubh.2022.782068. 

Stevens, E.R., Xu, S., Niaura, R., Cleland, C.M., Sherman, S.E., Mai, A., Karey, E. and 

Jiang, N. (2022). Youth E-Cigarette Use and Functionally Important Respiratory Symptoms: 

The Population Assessment of Tobacco and Health (PATH) Study Waves 3 and 4. 

International Journal of Environmental Research and Public Health, 19(22), p.15324. 

doi:https://doi.org/10.3390/ijerph192215324. 

Sun, R. and Oates, G.R. (2024). Association of Vaping with Respiratory Symptoms in U.S. 

Young adults: Nicotine, cannabis, and Dual Vaping. Preventive Medicine, 189, p.108175. 

doi:https://doi.org/10.1016/j.ypmed.2024.108175. 

Svartengren, M., Cai, G.-H., Malinovschi, A., Theorell-Haglöw, J., Janson, C., Elmståhl, S., 

Lind, L., Lampa, E. and Lindberg, E. (2020). The Impact of Body Mass index, Central 

Obesity and Physical Activity on Lung function: Results of the EpiHealth Study. ERJ Open 

Research, 6(4), pp.00214-2020. doi:https://doi.org/10.1183/23120541.00214-2020. 

Tacconelli, E. (2010). Systematic reviews: CRD’s Guidance for Undertaking Reviews in 

Health Care. The Lancet Infectious Diseases, 10(4), p.226. 

doi:https://doi.org/10.1016/s1473-3099(10)70065-7. 

Tackett, A.P., Urman, R., Barrington-Trimis, J., Liu, F., Hong, H., Pentz, M.A., Islam, T.S., 

Eckel, S.P., Rebuli, M., Leventhal, A., Samet, J.M., Berhane, K. and McConnell, R. (2023). 

Prospective Study of e-cigarette Use and Respiratory Symptoms in Adolescents and Young 

Adults. Thorax, [online] 79(2). doi:https://doi.org/10.1136/thorax-2022-218670. [Accessed 27 

Jul. 2025]. 

Tattan-Birch, H., Brown, J., Shahab, L., Beard, E. and Jackson, S.E. (2024). Trends in 

Vaping and Smoking following the Rise of Disposable e-cigarettes: a Repeat cross-sectional 

Study in England between 2016 and 2023. The Lancet regional health. Europe, [online] 

42(100924), pp.100924–100924. doi:https://doi.org/10.1016/j.lanepe.2024.100924. 

[Accessed 28 Jun. 2025]. 

Thomé, A.M.T., Scavarda, L.F. and Scavarda, A.J. (2016). Conducting Systematic Literature 

Review in Operations Management. Production Planning & Control, 27(5), pp.408–420. 

65 

https://doi:https://doi.org/10.1016/j.lanepe.2024.100924
https://doi:https://doi.org/10.1136/thorax-2022-218670
https://doi:https://doi.org/10.1183/23120541.00214-2020
https://doi:https://doi.org/10.1016/j.ypmed.2024.108175
https://doi:https://doi.org/10.3390/ijerph192215324
https://doi:https://doi.org/10.3389/fpubh.2022.782068


  

            

      

   

             

        

  

    

              

            

          

        

     

   

 

            

         

   

   

    

   

        

     

      

  

   

          

            

   

 

             

          

Tokle, R., Brunborg, G.S. and Vedøy, T.F. (2021). Adolescents’ Use of nicotine-free and 

Nicotine e-cigarettes: a Longitudinal Study of Vaping Transitions and Vaper Characteristics. 

Nicotine & Tobacco Research, 24(3). doi:https://doi.org/10.1093/ntr/ntab192. 

Vaismoradi, M., Jones, J., Turunen, H. and Snelgrove, S. (2016). Theme Development in 

Qualitative Content Analysis and Thematic Analysis. Journal of Nursing Education and 

Practice, [online] 6(5), pp.100–110. Available at: https://nordopen.nord.no/nord-

xmlui/bitstream/handle/11250/2386408/Vaismoradi.pdf. [Accessed 24 Jul. 2025]. 

Wang, H., Naghavi, M., Allen, C., Barber, R.M., Bhutta, Z.A., Carter, A., Casey, D.C., 

Charlson, F.J., Chen, A.Z., Coates, M.M., Coggeshall, M., Dandona, L., Dicker, D.J., 

Erskine, H.E., Ferrari, A.J., Fitzmaurice, C., Foreman, K., Forouzanfar, M.H., Fraser, M.S. 

and Fullman, N. (2016). Global, regional, and National Life expectancy, all-cause mortality, 

and cause-specific Mortality for 249 Causes of death, 1980–2015: a Systematic Analysis for 

the Global Burden of Disease Study 2015. The Lancet, 388(10053), pp.1459–1544. 

doi:https://doi.org/10.1016/s0140-6736(16)31012-1. 

Wills, T.A., Soneji, S.S., Choi, K., Jaspers, I. and Tam, E.K. (2021). E-cigarette Use and 

Respiratory disorders: an Integrative Review of Converging Evidence from Epidemiological 

and Laboratory Studies. European Respiratory Journal, [online] 57(1). 

doi:https://doi.org/10.1183/13993003.01815-2019. [Accessed 27 Jul. 2025]. 

World Health Organisation (2017). Asthma. [online] Who.int. Available at: 

https://www.who.int/en/news-room/fact-sheets/detail/asthma. [Accessed 26 Jun. 2025]. 

World Health Organization (2024a). Chronic Obstructive Pulmonary Disease (COPD). 

[online] World Health Organisation. Available at: https://www.who.int/news-room/fact-

sheets/detail/chronic-obstructive-pulmonary-disease-(copd). [Accessed 12 Aug. 2025]. 

World Health Organization (2024b). Tobacco: E-cigarettes. [online] www.who.int. Available 

at: https://www.who.int/news-room/questions-and-answers/item/tobacco-e-cigarettes. 

[Accessed 18 Aug. 2025]. 

Wypych-Ślusarska, A., Krupa-Kotara, K. and Niewiadomska, E. (2022). Social Inequalities: 

Do They Matter in Asthma, Bronchitis, and Respiratory Symptoms in Children? International 

Journal of Environmental Research and Public Health, 19(22), p.15366. 

doi:https://doi.org/10.3390/ijerph192215366. 

Xie, Z. and Li, D. (2020). Cross-Sectional Association between Lifetime Use of Electronic 

Cigarettes with or without Marijuana and Self-Reported past 12-Month Respiratory 

66 

https://doi:https://doi.org/10.3390/ijerph192215366
https://www.who.int/news-room/questions-and-answers/item/tobacco-e-cigarettes
www.who.int
https://www.who.int/news-room/fact
https://www.who.int/en/news-room/fact-sheets/detail/asthma
https://doi:https://doi.org/10.1183/13993003.01815-2019
https://nordopen.nord.no/nord
https://doi:https://doi.org/10.1093/ntr/ntab192


  

            

  

              

             

          

     

 

 

 

 

 

 

 

 

 

 

 

 

 

      
 

 

Symptoms as Well as Lifetime Respiratory Diseases in U.S. Adults. Nicotine & Tobacco 

Research, 22(Supplement_1), pp.S70–S75. doi:https://doi.org/10.1093/ntr/ntaa194. 

Yan, D., Wang, Z., Laestadius, L., Kavita Mosalpuria, Wilson, F.A., Yan, A., Xiaoyang Lv, 

Zhang, X., Bhuyan, S.S. and Wang, Y. (2023). A Systematic Review for the Impacts of 

Global Approaches to Regulating Electronic Nicotine Products. Journal of Global Health, 

[online] 13. doi:https://doi.org/10.7189/jogh.13.04076. [Accessed 17 Aug. 2025]. 

Appendix 1 - PEO Framework for the SLR 

67 

https://doi:https://doi.org/10.7189/jogh.13.04076
https://doi:https://doi.org/10.1093/ntr/ntaa194


  

      
 

          
    

  

  

   

 

  

    

  

   

    

 

    

 

 

 

 

 

    

 

  

 

 

 

    

  

   

 

  

 

   

   

   

  

 

 

   

   

  

    

 

 

 

   

 

  

 

Appendix 1 - PEO Framework for the SLR 

PEO Component Definition in this Review Application to the SLR 
Population (P) Adolescents aged 10–19 

years, male and female, 

from any geographic, 

social, or cultural 

background. 

The review focuses 

exclusively on adolescents 

within the WHO definition 

of adolescence. Studies 

with mixed populations 

were only included if 

adolescent-specific data 

could be extracted. 

Exposure (E) Vaping / e-cigarette use 

(including frequency, 

duration, nicotine 

concentration, and device 

type). Studies also 

considered second-hand 

vapour exposure where 

assessed. 

Captures all forms of 

vaping behaviour and 

exposure, regardless of 

device generation or 

nicotine content, as long 

as the study links this 

exposure to respiratory 

outcomes. 

Outcome (O) Respiratory health 

outcomes, including: 

– Chronic respiratory 

symptoms (wheeze, 

cough, phlegm, 

breathlessness) 

– Pulmonary function 

impairment (e.g., FEV1, 

FVC, lung capacity) 

– Pathophysiological 

changes (oxidative stress, 

airway inflammation) 

– Asthma exacerbations, 

hospitalisations, or other 

morbidity indicators. 

Ensures that only studies 

reporting outcomes directly 

related to respiratory 

health were included. 

Excludes studies focused 

solely on cardiovascular, 

neurological, or smoking 

cessation outcomes. 
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Appendix 2: Quantitative Critical Appraisal (Coughlan, 
Cronin & Ryan, 2007 

Notes: Y = Yes; N = No; P = Partly/unclear from abstract. 

Cherian et al., 2021 (USA, PATH Youth) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Explicit aim to assess 

vaping and respiratory 

symptoms among 

adolescents. 

2. Was the methodology 

appropriate to the aim? 

Y Epidemiological 

methodology suited to 

population associations. 

3. Was the study design 

appropriate? 

Y Analysis of PATH cohort 

appropriate; cross-

sectional limits temporality. 

4. Was the sample size 

adequate? 

Y Large national sample 

(PATH); adequate 

statistical power. 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y Probability-based, 

nationally representative 

sampling. 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Standardised self-report 

items; validated PATH 

instruments. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Institutional Review 

Board /consent typically 

stated in PATH 

publications. 
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8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Multivariable logistic 

regression; controlled for 

smoking, cannabis, SHS, 

demographics. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Adjusted ORs with CIs 

reported. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions align with 

data; causality not claimed. 

Brose et al., 2024 (UK/US/Canada, ITC Youth) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to compare respiratory 

symptoms by 

vaping/smoking frequency 

across three countries. 

2. Was the methodology 

appropriate to the aim? 

Y Survey methodology 

appropriate for 

comparative prevalence. 

3. Was the study design 

appropriate? 

Y Cross-sectional design 

appropriate for aim; 

acknowledges causal 

limits. 

4. Was the sample size 

adequate? 

Y Very large sample (≈39k) 

with weights; ample power. 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y Online panel with national 

weighting; procedures 

described. 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Self-report outcomes; 

standard symptom 
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questions across 

countries. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethical clearances in each 

jurisdiction indicated. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Weighted logistic 

regression; adjusted for 

key confounders; 

sensitivity analyses. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Estimates with CIs; 

stratified outputs by 

country and user type. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions proportionate; 

notes cross-sectional 

limits. 

Kurdyś-Bykowska et al., 2024 (Poland) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to compare symptoms 

across non-users, 

smokers, vapers, dual 

users. 

2. Was the methodology 

appropriate to the aim? 

Y School-based 

epidemiological survey 

appropriate. 

3. Was the study design 

appropriate? 

Y Cross-sectional design 

suit’s objective; limits 

temporality. 

4. Was the sample size 

adequate? 

Y Large national school 

sample (≈10k). 

5. Was the 

sampling/recruitment 

P Recruitment via schools 

described; finer sampling 

detail limited. 
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strategy described and 

appropriate? 

6. Were exposure and 

outcome measures valid 

and reliable? 

P Self-report measures; 

standard but limited info on 

validation in paper. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethics/approvals typically 

stated for school surveys. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

P Comparative analyses; 

extent of confounder 

control not always explicit. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Results presented clearly 

with group comparisons. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions consistent; 

acknowledges design 

limits. 

Stevens et al., 2022 (USA, PATH Waves 3–4) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to relate vaping to 

functionally important 

respiratory symptoms. 

2. Was the methodology 

appropriate to the aim? 

Y Population-based analytic 

approach appropriate. 

3. Was the study design 

appropriate? 

Y Use of PATH longitudinal 

data; analysis cross-

sectional/pooled as 

reported. 

4. Was the sample size 

adequate? 

Y Large, weighted sample 

(~21k). 

5. Was the 

sampling/recruitment 

Y Nationally representative 

sampling. 
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strategy described and 

appropriate? 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Exposure/outcome self-

report from validated 

PATH modules. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y IRB/consent for PATH. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Weighted logistic 

regression with multiple 

product controls. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Results with adjusted 

estimates. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions cautious and 

justified. 

Tackett et al., 2024 (USA, CHS prospective cohort) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to examine vaping and 

incident/persistent 

respiratory symptoms. 

2. Was the methodology 

appropriate to the aim? 

Y Longitudinal cohort 

appropriate for temporal 

assessment. 

3. Was the study design 

appropriate? 

Y Prospective repeated-

measures design. 

4. Was the sample size 

adequate? 

Y Sample ~2,094; adequate 

for mixed-effects models. 

5. Was the 

sampling/recruitment 

Y School-based cohort 

recruitment described. 
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strategy described and 

appropriate? 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Standard adolescent 

symptom questionnaires; 

repeated waves. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y IRB approvals noted for 

CHS program. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Mixed-effects logistic 

models; adjusted for 

demographics, asthma, 

tobacco/cannabis, SHS. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Adjusted ORs with CIs 

across waves. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions proportional; 

acknowledges residual 

confounding. 

McConnell et al., 2017 (USA, SoCal CHS) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to test association of 

e-cig use with bronchitic 

symptoms/wheeze. 

2. Was the methodology 

appropriate to the aim? 

Y Epidemiologic survey 

approach appropriate. 

3. Was the study design 

appropriate? 

Y Cross-sectional design; 

cannot infer causality. 

4. Was the sample size 

adequate? 

Y ≈2,086 adolescents; 

adequate power. 

5. Was the 

sampling/recruitment 

Y School-based recruitment 

described. 
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strategy described and 

appropriate? 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Standard symptom items 

used in CHS studies. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethics for adolescent 

school research stated. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Adjusted logistic 

regression controlling for 

smoke/SHS, 

demographics. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y ORs and CIs presented. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions justified within 

design constraints. 

Kim et al., 2017 (South Korea, KYRBWS) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to examine vaping and 

physician-diagnosed 

asthma. 

2. Was the methodology 

appropriate to the aim? 

Y National school survey 

appropriate for prevalence 

associations. 

3. Was the study design 

appropriate? 

Y Cross-sectional design 

aligned to aim; causality 

limited. 

4. Was the sample size 

adequate? 

Y Very large sample (~36k). 
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5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y National multi-stage 

sampling described. 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Exposure and outcome via 

standard KYRBWS items; 

physician diagnosis 

reported. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethical approvals 

customary; stated in 

KYRBWS protocols. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Multivariable logistic 

models with extensive 

confounder control. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Adjusted ORs with CIs 

reported. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions proportionate; 

policy relevance noted. 

Schweitzer et al., 2017 (USA, Hawaii) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to test association 

between e-cig use and 

current asthma. 

2. Was the methodology 

appropriate to the aim? 

Y School-based cross-

sectional methodology 

appropriate. 

3. Was the study design 

appropriate? 

Y Design matches’ aim; 

inference limited. 
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4. Was the sample size 

adequate? 

P ≈2,000; adequate though 

modest vs national 

surveys. 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y School recruitment 

procedures described. 

6. Were exposure and 

outcome measures valid 

and reliable? 

P Self-report asthma; 

potential misclassification; 

measures commonly used. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethics and consent 

procedures reported. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Adjusted logistic 

regression including 

cigarettes/marijuana. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Adjusted estimates 

reported. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions appropriate; 

limitations acknowledged. 

Wills et al., 2020 (USA) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to evaluate e-cig use 

and asthma in 

adolescents. 

2. Was the methodology 

appropriate to the aim? 

Y National cross-sectional 

survey appropriate. 

3. Was the study design 

appropriate? 

Y Design aligned with 

objective; no causality. 
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4. Was the sample size 

adequate? 

Y Large national sample 

(>13k). 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y Sampling strategy 

described for 

representativeness. 

6. Were exposure and 

outcome measures valid 

and reliable? 

P Self-reported asthma 

status; standard in large 

surveys. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethical approvals stated. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Multivariable regression 

adjusting for 

cigarette/marijuana, 

demographics. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y ORs presented (e.g., 

~1.36) with CIs where 

available. 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions justified; 

limitations noted. 

Bayly et al., 2019 (USA, Florida youth with asthma) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to examine second-

hand ENDS aerosol and 

asthma exacerbations. 

2. Was the methodology 

appropriate to the aim? 

Y Cross-sectional survey 

appropriate for population-

level association. 

3. Was the study design 

appropriate? 

Y Design aligns with 

objective; causality limited. 
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4. Was the sample size 

adequate? 

Y Large sample (~11.8k) of 

youth with asthma. 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y Statewide recruitment via 

school survey. 

6. Were exposure and 

outcome measures valid 

and reliable? 

P Exposure and outcome 

self-report; outcome 

pertains to exacerbations. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethics approvals standard 

for state surveys. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Adjusted logistic 

regression controlling for 

demographics, smoking, 

SHS. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y AORs and CIs reported 

(e.g., 1.27). 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions justified; 

residual confounding 

acknowledged. 

Alnajem et al., 2020 (Kuwait) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to assess vaping/SHA 

with wheeze and asthma 

control. 

2. Was the methodology 

appropriate to the aim? 

Y School-based cross-

sectional design 

appropriate. 

3. Was the study design 

appropriate? 

Y Design aligned with aim. 
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4. Was the sample size 

adequate? 

P Sample ~1,565; adequate 

though smaller than 

national datasets. 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y Recruitment via schools 

described. 

6. Were exposure and 

outcome measures valid 

and reliable? 

P Self-report of wheeze and 

asthma control; standard 

but not clinical validation. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethical approvals stated. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Multivariable logistic 

regression with key 

confounders. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Adjusted ORs reported 

(e.g., wheeze 1.88; 

uncontrolled asthma 2.1). 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions justified within 

limitations. 

Wang et al., 2016 (Hong Kong, China) 

Appraisal Question 

(Coughlan, Cronin & Ryan, 

2007) 

Yes/No/Partly Brief Comment 

1. Was there a clear 

statement of the research 

aim? 

Y Aim to test association of 

e-cig use with chronic 

cough/phlegm. 

2. Was the methodology 

appropriate to the aim? 

Y Large school survey 

appropriate. 

3. Was the study design 

appropriate? 

Y Cross-sectional design fits 

aim; no temporal 

inference. 
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4. Was the sample size 

adequate? 

Y Very large sample (>45k). 

5. Was the 

sampling/recruitment 

strategy described and 

appropriate? 

Y Random school selection; 

high representativeness. 

6. Were exposure and 

outcome measures valid 

and reliable? 

Y Standard symptom 

definitions (≥3 months) and 

exposure items. 

7. Were ethical issues 

considered, and approvals 

stated? 

Y Ethics approvals and 

school permissions 

reported. 

8. Was the data analysis 

appropriate (incl. control of 

confounders)? 

Y Logistic regression; 

adjusted for smoking, 

SHS, demographics. 

9. Were results clearly 

presented (estimates, CIs, 

tables)? 

Y Adjusted ORs with CIs 

reported (e.g., cough AOR 

~2.06). 

10. Were conclusions 

justified, acknowledging 

study limitations? 

Y Conclusions proportionate; 

limitations transparent. 
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Appendix 3 – Data Extraction Table 

1. First 2. 3. 4. 5. Endpoint 6. Data 7. Key 

Author; Year; Participants’ Sam Baseline outcomes: analysis findings 

Study type; characteristi ple measure respiratory method; (with 

Location cs; 

recruitment 

strategy 

size of vaping 

frequency 

/ 

comparis 

on groups 

cases; 

diagnosis 

criteria 

confound 

ers 

adjusted 

adjusted 

effect 

estimate 

s if 

available 

) 

Cherian; Youth aged 9,750 Never vs Dry night cough Weighte Current 

2021; Cross- 12–17; former vs and wheeze d logistic vaping 

sectional nationally current e- (ISAAC items), regressio associat 

(PATH Wave representati cig use; past 12 months; n; ed with 

3); USA ve 

household 

cohort 

(PATH). 

frequency 

in past 30 

days 

(categorie 

s 

reported 

in PATH). 

self-report. 

cases NR in 

abstract. 

adjusted 

for 

demogra 

phics 

and 

tobacco 

exposure 

s 

including 

cigarette 

smoking 

and 

secondh 

and 

smoke 

(per 

PATH 

higher 

odds of 

dry 

cough 

and 

wheeze 

vs never; 

dose– 

respons 

e with 

frequenc 

y. ORs 

not 

stated in 

abstract 

(NR). 
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conventi 

ons). 

Stevens; Youth 12– 3,899 Baseline Functionally Lagged No 

2022; 17 without status: important logistic significa 

Longitudinal baseline never vs respiratory regressio nt 

(PATH asthma; former vs symptom index n; associati 

Waves 3→4); PATH current e- (≥2 on 7 adjusted on 

USA household 

cohort; 1-

year follow-

up. 

cig use. ISAAC-based 

items) at follow-

up; self-report. 

# cases NR in 

abstract. 

for 

baseline 

symptom 

index, 

demogra 

phics, 

combusti 

ble 

tobacco 

use 

status. 

between 

baseline 

e-cig use 

and 

functiona 

lly 

importan 

t 

respirato 

ry 

symptom 

s at 1 

year. 

Tackett; Young NR Time- Incident GEE Current 

2024; adults 18– (PAT varying e- respiratory logistic e-cig use 

Prospective 24 with no H cig use: symptoms ~12 models: associat 

cohort (PATH baseline youn never, months later: adjusted ed with 

Waves 2–5); respiratory g former, wheeze, for higher 

USA (young symptoms/d adult current. bronchitis current odds: 

adults 18–24) isease; 

nationally 

representati 

ve PATH 

household 

cohort. 

cohor 

t) 

symptoms, 

shortness of 

breath (self-

report). 

cigarette 

and 

cannabis 

use and 

secondh 

and 

exposure 

s, 

demogra 

phics. 

any 

symptom 

aOR≈1.3 

2; 

wheeze 

aOR≈1.5 

1; 

bronchiti 

s 

symptom 
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s 

aOR≈1.5 

8; SOB 

aOR≈1.5 

2. 

McConnell; 11th–12th 2,086 Never vs Chronic Logistic Past 

2017; Cross- graders past vs bronchitis regressio users 

sectional from CHS current e- symptoms n; OR 1.85 

(Children’s schools; cig use; (chronic adjusted (95% CI 

Health classroom current cough/phlegm/b for sex, 1.37– 

Study); USA survey. frequency ronchitis) and ethnicity, 2.49); 

(Southern days in wheeze, past parental current 

California) past 30 

days (1–2 

vs ≥3). 

12 months; self-

report. 

educatio 
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Table 1: Themes and Sub-Themes 

Theme Sub-Themes Studies Where Identified 
1. Chronic Respiratory Persistent cough, wheeze, Cherian et al. (2021); 

manifestations of vaping. phlegm, asthma 

exacerbation 

Brose et al. (2024); 

Kurdyś-Bykowska et al. 

(2024); McConnell et al. 

(2017); Schweitzer et al. 

(2017); Wills et al. (2020); 

Kim et al. (2017); Wang et 

al. (2016) 

2. Impact of vaping on Reduced lung capacity, Stevens et al. (2022); 

Pulmonary Function airflow obstruction, 

diminished FEV1 and FVC 

Tackett et al. (2024); 

Cherian et al. (2021); 

McConnell et al. (2017) 

3. Vaping and Inflammation, surfactant Martin et al. (2024, 

Pathophysiological disruption, airway experimental); Kurdyś-

Mechanisms remodelling, toxic chemical 

exposure 

Bykowska et al. (2024); 

Tackett et al. (2024); 

McConnell et al. (2017) 

4. Second-hand vapour 

exposure and respiratory 

outcomes 

Home-based exposure, 

asthma exacerbations, 

symptoms in non-users 

Bayly et al. (2019); 

Alnajem et al. (2020); 

Islam et al. (2022 – 

supporting evidence) 

5. Vaping Dose, Duration, 

and Respiratory Risk 

Frequency, dual use, early 

initiation, cumulative 

exposure 

Brose et al. (2024); Tackett 

et al. (2024); Stevens et al. 

(2022); Wang et al. (2016) 
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	Chapter 1: Introduction and Background 


	1.1 Introduction to the Topic 
	1.1 Introduction to the Topic 
	The use of electronic cigarettes(e-cigarettes), commonly referred to as vaping, has surged among teenagers in recent years and is a growing public health concern both in the United Kingdom and globally (Action on Smoking and Health, 2024; Tattan-Birch et al., 2024). Vaping involves the inhalation of aerosolised liquids, often containing nicotine, flavourings, and a range of other chemicals produced by battery-operated electronic devices (Stefaniak et al., 2022; World Health Organisation, 2024). While origin
	This systematic review focuses specifically on the long-term effects of vaping on the respiratory health of teenagers. It aims to synthesise evidence relating to chronic respiratory outcomes, such as asthma, bronchitis, persistent cough, wheezing, and impaired lung function, following sustained e-cigarette use during adolescence. By narrowing the scope to this age group and these outcomes, the review addresses a critical gap in the literature, as most existing studies are either short-term, focus on adults,
	The relevance of this research lies in its potential to inform clinical practice, public health policy, and education. As vaping rates continue to rise among young people, understanding the longterm respiratory risks is essential for developing effective prevention strategies and regulatory measures (World Health Organisation, 2022; Action on Smoking and Health, 2024). This review seeks to build upon and extend existing knowledge, offering clarity and direction for future research and policy development in 
	-


	1.2 Background and Current Context 
	1.2 Background and Current Context 
	The proliferation of vapes has dramatically transformed the landscape of nicotine use among young people worldwide (Yan et al., 2023). Since their commercial introduction in the early 2000s, e-cigarettes have been promoted as a less harmful alternative to conventional tobacco smoking and as a cessation aid for adults seeking to quit smoking (Jackson et al., 2024) However, the rapid and widespread uptake of vaping among adolescents, many of whom have 
	The proliferation of vapes has dramatically transformed the landscape of nicotine use among young people worldwide (Yan et al., 2023). Since their commercial introduction in the early 2000s, e-cigarettes have been promoted as a less harmful alternative to conventional tobacco smoking and as a cessation aid for adults seeking to quit smoking (Jackson et al., 2024) However, the rapid and widespread uptake of vaping among adolescents, many of whom have 
	never smoked traditional cigarettes, has prompted significant concern in both clinical and public health communities regarding the potential health consequences, particularly those relating to respiratory health (Kass et al., 2020) 

	1.2.1 Overview of Vaping 
	1.2.1 Overview of Vaping 
	Vaping, also known as the use of electronic nicotine delivery systems (ENDS), involves inhaling an aerosol produced by heating a liquid that typically contains nicotine, flavours, and other chemicals (Centres for Disease Control and Prevention, 2024). Introduced in the early 2000s as a smoking cessation aid for adults, e-cigarettes have evolved into a widely used product, especially among adolescents. These devices are often marketed as a safer alternative to traditional tobacco products; however, growing e
	Unlike traditional smoking, where decades of research have established clear links to chronic respiratory diseases, the long-term effects of vaping remain uncertain due to its relatively recent emergence. However, early studies suggest associations with bronchial irritation, impaired lung development, and increased vulnerability to respiratory infections, which is particularly concerning given that adolescents' lungs are still developing (Jonas, 2022). 
	Considering the physiological vulnerability of adolescents and their increasing exposure to vaping, it is crucial to evaluate the long-term respiratory effects of these products systematically. This dissertation aims to review the existing evidence through a systematic literature review, identifying potential respiratory health outcomes associated with adolescent vaping and assessing the strength and quality of current research. 

	1.2.2 Types of Vapes. 
	1.2.2 Types of Vapes. 
	The use of e-cigarettes has become increasingly prevalent, with a wide range of devices available, including disposable e-cigarettes, pod systems, modified devices (commonly referred to as "mods"), and vape pens. (Bold et al., 2021) Disposable devices are particularly 
	The use of e-cigarettes has become increasingly prevalent, with a wide range of devices available, including disposable e-cigarettes, pod systems, modified devices (commonly referred to as "mods"), and vape pens. (Bold et al., 2021) Disposable devices are particularly 
	popular among novice users (McCausland et al., 2020), while pod systems strike a balance between portability and performance, making them especially appealing to younger populations (Pepper et al., 2019). Modified devices, which offer extensive customisation and enhanced vapour production, are typically favoured by more experienced users (Choi et al., 2021). Vape pens occupy an intermediate position, combining ease of use with some advanced features (He et al., 2024). User demographics differ across device 


	1.2.3 Prevalence of vaping use 
	1.2.3 Prevalence of vaping use 
	Recent years have seen a marked increase in e-cigarette use among adolescents in the United Kingdom and globally. In the UK, data from Action on Smoking and Health (ASH) (2024) indicate that around 18% of 11–17-year-olds have tried vaping, and 7.2% report current use. The trend is similar in other countries as well. A global meta-analysis spanning 53 countries found that approximately 10.2% of school and college students are current e-cigarette users. Lifetime experimentation rates are as high as 22% (Albad


	1.3 Rationale 
	1.3 Rationale 
	The systematic review by Lyzwinski et al. (2022) highlights the growing global concern regarding youth vaping and its associated respiratory health risks. Their study identifies clear links between e-cigarette use and respiratory conditions such as asthma, bronchitis, and acute respiratory distress in adolescents. However, the review also notes a significant gap in longitudinal data and limited research focused on specific populations, including adolescents in the UK. 
	This proposed research builds on their findings by conducting a systematic review of the longterm respiratory health effects of vaping, specifically among adolescents. It will contribute to the existing body of knowledge by providing a population-specific analysis relevant to health and focusing on long-term outcomes, addressing the gap in duration-focused studies, and offering insights to inform evidence-based policies and interventions aimed at reducing vaping-related harms in young people. By addressing 
	-


	1.4 Research questions 
	1.4 Research questions 
	• 
	• 
	• 
	What is the effect of long-term vaping on respiratory health among adolescents? 

	• 
	• 
	What evidence exists on the long-term effects of vaping on adolescent respiratory health? 

	• 
	• 
	How do specific types of vaping relate to respiratory health problems? 



	1.5 Research Aim 
	1.5 Research Aim 
	• To explore the long-term consequences of vaping on respiratory health outcomes among adolescents from existing literature. 

	1.6 Research Objectives 
	1.6 Research Objectives 
	• 
	• 
	• 
	To identify existing evidence on the long-term effects of vaping on adolescent respiratory health. 

	• 
	• 
	To investigate the relationship between a specific type of vaping and specific respiratory health problems. 

	• 
	• 
	To highlight research gaps and provide recommendations for public health policy and further research. 



	1.7 Chapter summary 
	1.7 Chapter summary 
	Chapter one has introduced the topic of adolescent vaping, defined its key components, and established its significance as a public health issue due to rising use and potential respiratory risks. The chapter outlined the background, current context, and the rationale for this systematic review, presenting clear research questions, aims, and objectives focused on the long-term respiratory effects of vaping among adolescents. With the foundation now established, Chapter 2 will provide a comprehensive review o
	CHAPTER 2: LITERATURE REVIEW 
	2.1 Introduction to the Chapter 
	2.1 Introduction to the Chapter 
	This chapter provides an overview of respiratory health, encompassing its definition, clinical symptoms, types, epidemiological trends, risk factors, and outcomes. These foundational elements provide essential context for understanding the potential impact of vaping on respiratory health. The latter part of the chapter synthesises findings from recent systematic reviews to explore the association between e-cigarette use and respiratory outcomes in adolescents, highlighting key mechanisms, trends, and eviden

	2.2 The Epidemiology of Respiratory Health 
	2.2 The Epidemiology of Respiratory Health 
	2.2.1 Deﬁnition and Clinical Symptoms of Respiratory Health. 
	2.2.1 Deﬁnition and Clinical Symptoms of Respiratory Health. 
	Respiratory health refers to the efficient functioning of the respiratory system, encompassing the lungs, airways, respiratory muscles, and associated structures involved in ventilation and gas exchange (Hsia et al., 2016). It includes the capacity to inhale oxygen, exhale carbon dioxide, maintain airway patency, and initiate immune responses against pathogens (National Heart, Lung, and Blood Institute, 2022). Optimal respiratory health is vital for sustaining physical activity, cognitive development, and o

	2.2.2 Types of respiratory health 
	2.2.2 Types of respiratory health 
	Respiratory health can be conceptualised through multiple domains, each highlighting distinct aspects of lung structure and function (Haddad and Sharma, 2023). These include the Structural, Functional, Immunological, Environmental and lifestyle-related and developmental respiratory health (Pouptsis et al., 2025) 
	Structural respiratory health pertains to the anatomical integrity of the lungs, bronchi, alveoli, and diaphragm; abnormalities such as bronchiectasis or congenital malformations, which may impede airflow and gas exchange (Cuppari et al., 2019). 
	Functional respiratory health evaluates the efficiency of ventilation and is typically assessed via spirometry measures such as Forced Expiratory Volume in 1 second (FEV₁) and Forced Vital Capacity (FVC), with reduced values indicating diseases like asthma or chronic obstructive pulmonary disease (COPD) (Global Initiative for Asthma, 2023). 
	Immunological respiratory health concerns the system’s ability to combat infections and allergens (Edwards et al., 2017). 
	Environmental and lifestyle-related respiratory health reflects the influence of external exposures, such as air pollution, tobacco smoke, and e-cigarette aerosols, on pulmonary function (Miyashita and Foley, 2020). According to Coppeta et al. (2018), the use of electronic cigarettes exacerbates pulmonary problems. 
	Finally, developmental respiratory health is especially relevant to adolescents, whose lungs are still maturing, making them more susceptible to long-term impairment from inhaled toxins like those found in vaping products (Jonas, 2022). 

	2.2.3 Prevalence and incidence of respiratory health 
	2.2.3 Prevalence and incidence of respiratory health 
	The World Health Organisation (2024b) reports that chronic conditions such as asthma, chronic obstructive pulmonary disease (COPD), and respiratory infections are especially prevalent among children and adolescents across both high-and low-income countries. These Chronic respiratory diseases continue to pose a substantial global health burden. In 2017, these conditions affected approximately 544.9 million individuals worldwide, representing 7.1% of the global population (Adhikari et al., 2023). Prevalence w
	Asthma remains one of the most common respiratory illnesses globally, affecting an estimated 235 to 262 million people between 2011 and 2019 (World Health Organisation, 2024). Among adolescents aged 10–19 years, global asthma prevalence in 2021 was estimated at 3.64%, a figure that, while reduced from previous decades, remains concerning (Kim et al., 2025) 
	Respiratory infections continue to contribute significantly to global childhood morbidity and mortality. In 2019, an estimated 33 million cases of respiratory syncytial virus (RSV)associated with lower respiratory infections occurred in children under five years (Li et al., 2022). 
	-

	In the United Kingdom, chronic lung diseases affect approximately 20% of the population, imposing a substantial burden on healthcare services and quality of life (Parker et al., 2014; Royal College of Physicians, 2021). Asthma is the most prevalent chronic respiratory condition among children, affecting 5% of the population, with 1.1 million children currently receiving treatment (Royal College of Physicians, 2021). Regional data reveal disparities: asthma prevalence in 2019 ranged from 7% in Northern Irela

	2.2.4 Risk Factors of Respiratory Health 
	2.2.4 Risk Factors of Respiratory Health 
	Respiratory health is influenced by a combination of modifiable and non-modifiable risk factors shaped by the complex interplay of genetic, behavioural, and environmental determinants (Bush et al., 2024). These factors affect the onset, progression, and severity of respiratory conditions such as asthma, chronic bronchitis, and other lung diseases, particularly among vulnerable populations, including adolescents (Wypych-Ślusarska, Krupa-Kotara and Niewiadomska, 2022). Exposure to air pollutants, occupational
	2.2.4.1 Modiﬁable Risk Factors 
	2.2.4.1 Modiﬁable Risk Factors 
	These are behavioural or environmental factors that can be altered through individual action or public health interventions. 
	Active smoking or second-hand smoke is a leading risk factor for chronic respiratory diseases. Vaping, increasingly common among adolescents, is also associated with airway inflammation and impaired lung development (Gambadauro et al., 2025). Long-term exposure to outdoor pollutants (e.g., PM2.5, nitrogen dioxide) and indoor air contaminants (e.g., cooking fumes, mould) contributes to respiratory morbidity (Clark et al., 2023). In addition, inhalation of allergens, dust, or chemicals in school, home, or ear
	Use of e-cigarettes and inhaling substances such as cannabis has been linked to increased respiratory symptoms and reduced lung function in adolescents (Tackett et al., 2023). 

	2.2.4.2 Non-Modiﬁable Risk Factor 
	2.2.4.2 Non-Modiﬁable Risk Factor 
	These are inherent characteristics that cannot be changed but may guide screening and prevention efforts. 
	A wide range of determinants influence respiratory health, with genetic predisposition, age, sex, ethnicity, and socioeconomic status consistently highlighted in the literature. Genetic markers have been shown to predispose individuals to reduced pulmonary function, with evidence indicating a strong interaction between these biological factors and broader socioeconomic conditions (Quanjer, 2015). Similarly, age and sex play crucial roles, as respiratory conditions tend to present differently across developm


	2.2.5 Outcomes and cost of respiratory health. 
	2.2.5 Outcomes and cost of respiratory health. 
	Chronic respiratory diseases, including asthma, pose a major global health challenge, marked by the increase in prevalence and mortality rates (Khaltaev and Axelrod, 2019). 
	Asthma results in substantial health costs and imposes a significant economic burden, causing an estimated 250,000 to 461,000 deaths annually (Serebrisky and Wiznia, 2019). COPD similarly presents a considerable global challenge, accounting for 3.65 million deaths in 2021, representing nearly 5% of all global deaths that year (World Health Organisation, 2024a) 
	Respiratory infections, particularly those caused by respiratory syncytial virus (RSV), have a significant impact on child health, accounting for a substantial proportion of the 33 million lower respiratory infections reported in 2019 (Shi et al., 2017). The economic repercussions of these conditions are profound, placing considerable strain on healthcare systems and society and highlighting the urgent need for effective interventions (Díez-Domingo et al., 2014). 
	COPD presents a significant economic challenge worldwide: a recent macroeconomic analysis estimates that the disease will cost the global economy approximately 4.3 trillion international dollars (INT$4.3 trillion) from 2020 to 2050 due to productivity losses, treatment expenses, and broader economic impacts (Chen et al., 2023). In the United Kingdom, respiratory conditions exert considerable pressure on both the NHS and society at large, with chronic lung illnesses such as asthma and COPD costing around £3 
	Respiratory infections, particularly influenza and pneumonia, contribute significantly to healthcare demand. During the 2017–2018 season, England accounted for 45,000 to 46,000 hospital admissions due to influenza alone (Moss et al., 2020). Additionally, over 25,000 individuals die annually in the UK from pneumonia, further highlighting the substantial burden on health services (Asthma + Lung UK, 2022). 
	Hospital admission trends further highlight the burden in the UK. In England, asthma-related emergency admissions among those under 19 years were 174 per 100,000 in 2017/18 (Alwafi et al., 2023). Hospital admission trends further highlight the burden of asthma in the UK. In England, the rate of emergency hospital admissions for asthma among children and young people aged under 19 years was 174 per 100,000 in the 2017–2018 period (Royal College of 
	Hospital admission trends further highlight the burden in the UK. In England, asthma-related emergency admissions among those under 19 years were 174 per 100,000 in 2017/18 (Alwafi et al., 2023). Hospital admission trends further highlight the burden of asthma in the UK. In England, the rate of emergency hospital admissions for asthma among children and young people aged under 19 years was 174 per 100,000 in the 2017–2018 period (Royal College of 
	Paediatrics and Child Health, 2020). More troublingly, asthma-related hospitalisations in children rose from roughly 7,850 to 19,506 cases between 2021 and 2022, a surge attributed in part to increased respiratory virus exposure post-COVID lockdowns (Asthma and Lung UK, 2023). Moreover, respiratory conditions accounted for 868,212 emergency NHS admissions in 2023–24, representing one in eight unplanned admissions in England (Campbell, 2024). The economic consequences are further magnified by rising GP visit



	2.3 Relationship between vaping and respiratory health. 
	2.3 Relationship between vaping and respiratory health. 
	The emergence of electronic nicotine delivery systems (ENDS), commonly known as ecigarettes or vapes, has significantly altered adolescent substance use trends. Marketed as a less harmful alternative to traditional tobacco, vaping has gained substantial popularity among adolescents, raising concerns about its impact on respiratory health. This section synthesises findings from three recent systematic literature reviews to explore the potential relationship between adolescent vaping and respiratory outcomes.
	-

	A systematic review by Honeycutt et al. (2022) assessed the effects of e-cigarette use on lung function across eight studies, involving both adolescent and young adult participants. The results showed that vaping was linked to increased airway resistance and short-term irritation, although there was no significant effect on standard spirometry measures such as FEV₁ or FVC in the short term (Kotoulas et al., 2020). However, the authors warned that these findings were limited by small sample sizes and a lack 
	Lyzwinski et al. (2022) systematic review explored the global epidemiology of youth vaping and its association with respiratory symptoms. Synthesising results from over 25 crosssectional and longitudinal studies, this review found consistent associations between ecigarette use and self-reported respiratory symptoms such as chronic cough, wheezing, and bronchitis-like symptoms in adolescents (Brose et al., 2024). Notably, these associations persisted even after adjusting for confounding variables such as pri
	-
	-

	A more recent systematic review by Mughis et al. (2024), published in Cureus, examined the toxicological mechanisms underpinning respiratory effects associated with e-cigarette use. The review followed PRISMA guidelines and included both human and animal studies published between 2014 and 2024. It identified multiple pathophysiological mechanisms, including inflammatory responses, oxidative stress, and impaired mucociliary clearance, which may explain the observed respiratory effects in adolescents (Wills e
	Collectively, these systematic reviews suggest a growing body of evidence linking vaping to adverse respiratory outcomes in adolescents. While limitations exist, such as heterogeneity in study designs, short follow-up durations, and reliance on self-reported data, there is emerging consensus that vaping is not harmless. However, it may independently contribute to the onset or exacerbation of respiratory symptoms and may disrupt normal pulmonary development (Bourke, Sharif and Narayan, 2021). 
	The reviews also identify critical gaps in the literature. There is a marked lack of longitudinal cohort studies with objective clinical measures and extended follow-up periods. Moreover, further research is needed to disentangle the effects of frequency, duration, and nicotine concentration in e-liquids on adolescent respiratory outcomes. 
	In conclusion, current systematic reviews provide credible preliminary evidence of a detrimental relationship between vaping and respiratory health in adolescents. Given the rapid increase in vaping among young people and the potential for long-term harm, these findings have significant implications for clinical practice, public health interventions, and policy development. 

	2.4 Chapter Summary 
	2.4 Chapter Summary 
	This chapter provided an overview of respiratory health, including its definition, symptoms, epidemiology, risk factors, and associated outcomes. It also examined evidence from recent systematic reviews, which indicates a potential link between adolescent vaping and adverse respiratory effects such as wheezing, cough, and airway inflammation. Although methodological gaps limit current findings, they highlight the need for further research and inform future public health strategies. The next chapter 3 outlin
	CHAPTER 3: METHODOLOGY 
	3.1 Introduction to Chapter 
	3.1 Introduction to Chapter 
	This chapter outlines the methodological framework adopted for the systematic literature review exploring the long-term respiratory health effects of vaping among adolescents. It details the research design, justification for selecting a systematic review approach, and the procedures used to identify, select, appraise, and synthesise relevant literature. 
	The chapter begins by employing a systematic literature review methodology. It then describes the eligibility criteria, databases and search strategies used, including Boolean operators and keyword combinations. The inclusion and exclusion criteria are delineated to ensure transparency and replicability. 

	3.2 Systematic Literature Review (SLR) 
	3.2 Systematic Literature Review (SLR) 
	A systematic literature review (SLR) is a rigorous and comprehensive approach to identifying, evaluating, and synthesising existing research on a defined topic, thereby offering a robust understanding of the current state of knowledge (Cabrera and Cabrera, 2023). The primary objective of a SLR is to consolidate findings from multiple studies to inform practice and shape future research directions, ensuring that conclusions are drawn from a balanced and critical appraisal of the literature (Sauer and Seuring

	3.3 Search Strategy 
	3.3 Search Strategy 
	A search strategy in research is a structured and systematic plan used to locate relevant literature and evidence across various sources, particularly academic databases (Aromataris and Riitano, 2014). It is a critical component of evidence-based research and systematic reviews, ensuring that the search process is comprehensive, transparent, and reproducible (Miller and Fleming, 2016). For this review, a comprehensive search was conducted across multiple academic databases, including PubMed, ProQuest, and E

	3.4 Search terms 
	3.4 Search terms 
	Search terms are specific words or phrases used to retrieve relevant literature during the research process (Marcos-Pablos and García-Peñalvo,2018). In academic research, particularly in systematic reviews, search terms represent the core concepts of a research question and are used to guide database searches. They form the foundation of a search strategy by enabling researchers to identify studies that directly align with the topic under investigation (Paez, 2017) The primary purpose of using search terms 
	Search terms are specific words or phrases used to retrieve relevant literature during the research process (Marcos-Pablos and García-Peñalvo,2018). In academic research, particularly in systematic reviews, search terms represent the core concepts of a research question and are used to guide database searches. They form the foundation of a search strategy by enabling researchers to identify studies that directly align with the topic under investigation (Paez, 2017) The primary purpose of using search terms 
	-

	For the chosen topic, the long-term respiratory health effects of vaping among adolescents, the PEO components were defined as follows: Population (P): Adolescents (typically aged 10– 19). Exposure (E): Vaping or electronic cigarette use. Outcome (O): Long-term respiratory health effects (e.g., asthma, bronchitis, reduced lung function) 

	The use of synonyms is essential in constructing an effective search strategy because different authors may use varied terminology to describe the same concept (Childers-Kakos, 2022) For example, in the context of adolescent vaping, terms such as e-cigarettes, vape, electronic nicotine delivery systems (ENDS), and vaping devices may all refer to the same exposure. By incorporating synonyms and related terms, the search becomes more inclusive, maximising the retrieval of relevant literature. This reduces the
	The PEO framework identified relevant keywords and synonyms for each component to develop a comprehensive and inclusive search strategy. The term adolescents was used for the Population (P), alongside synonyms and related terms such as teenagers, youth, young people, and students. This ensured that studies using varying terminology to describe the target age group were captured. 
	For the Exposure (E), which in this review refers to vaping, several search terms were identified. These included vaping, e-cigarettes, electronic cigarettes, electronic nicotine delivery systems (ENDS), and vape devices. Including these synonyms was essential because different studies may use varied terminology depending on the region or publication context. 
	Regarding the Outcome (O), the main emphasis was on long-term respiratory health effects. Therefore, keywords such as respiratory health, lung function, asthma, bronchitis, wheezing, pulmonary effects, and chronic cough were included. 
	To build effective search strings, Boolean operators were used to combine these terms. The operator “OR” was used to link synonyms within the same PEO category to broaden the search. For example: 
	• 
	• 
	• 
	(adolescents OR teenagers OR youth OR "young people") 

	• 
	• 
	(vaping OR e-cigarettes OR "electronic cigarettes" OR ENDS OR "vape devices") 


	Then, the operator “AND” was used to combine the different PEO components to narrow the search to studies that include all three aspects: 
	• (adolescents OR teenagers OR youth) AND (vaping OR e-cigarettes OR ENDS) AND (asthma OR “respiratory health” OR “lung function”) 
	This structured and layered approach ensured that the search was both comprehensive and focused, allowing the retrieval of a wide range of relevant studies while maintaining alignment with the review objectives. By combining controlled vocabulary (e.g. MeSH terms in PubMed) and free-text keywords across databases such as PubMed, ProQuest, and EBSCOhost, the reliability, validity, and reproducibility of the literature search process were significantly enhanced. 
	Table 1: PEO TABLE 
	PEO Component 
	PEO Component 
	PEO Component 
	Definition in this Review 
	Application to the SLR 

	Population (P) 
	Population (P) 
	Adolescents aged 10–19 years, male and female, from any geographic, social, or cultural background. 
	The review focuses exclusively on adolescents within the WHO definition of adolescence. Studies with mixed populations were only included if adolescent-specific data could be extracted. 

	Exposure (E) 
	Exposure (E) 
	Vaping / e-cigarette use (including frequency, duration, nicotine concentration, and device type). Studies also considered second-hand vapour exposure where assessed. 
	Captures all forms of vaping behaviour and exposure, regardless of device generation or nicotine content, as long as the study links this exposure to respiratory outcomes. 

	Outcome (O) 
	Outcome (O) 
	Respiratory health outcomes, including: – Chronic respiratory symptoms (wheeze, cough, phlegm, breathlessness) – Pulmonary function impairment (e.g., FEV1, FVC, lung capacity) – Pathophysiological changes (oxidative stress, airway inflammation) – Asthma exacerbations, hospitalisations, or other morbidity indicators. 
	Ensures that only studies reporting outcomes directly related to respiratory health were included. Excludes studies focused solely on cardiovascular, neurological, or smoking cessation outcomes. 


	3.5 Keywords 
	3.5 Keywords 
	Keywords play a crucial role in academic research, significantly enhancing the precision of literature retrieval and completeness. They facilitate the effective identification of relevant studies, thereby improving the overall quality of research results (Sesagiri Raamkumar, Foo, and Pang, 2017). The effective selection of keywords can directly influence the visibility and accessibility of scholarly work in digital databases (Pottier et al., 2024). The main words used in this review are adolescents, teenage


	3.6 Databases 
	3.6 Databases 
	To retrieve academic sources for this systematic literature review, a structured search was conducted using carefully selected keywords and Boolean operators across multiple scholarly databases. The databases used were PubMed, EBSCOhost, and ProQuest. These platforms were chosen for their extensive coverage of health, nursing, and public health research. 
	Searching multiple databases is crucial for achieving a comprehensive and unbiased review. No single database encompasses all relevant literature; therefore, relying solely on one source may result in the omission of critical studies (Briscoe, 2015). For example, PubMed is essential for biomedical literature, CINAHL focuses on nursing and allied health, and ProQuest includes grey literature and dissertations (Paez, 2017b). Combining databases broadens the scope, increases reliability, and reduces publicatio
	For this review of the long-term respiratory health effects of vaping among adolescents, the following databases were searched: PubMed, EBSCOhost, and ProQuest, ensuring the depth and breadth of the evidence base. 

	3.7 Inclusion/Exclusion Criteria 
	3.7 Inclusion/Exclusion Criteria 
	Inclusion and exclusion criteria are predefined rules used to determine which studies are relevant to a research question and should be included or excluded from a systematic review. They enhance the rigour, transparency, and reproducibility of the review process by ensuring consistency in study selection (Higgins, 2019). Inclusion criteria identify studies that align with 
	Inclusion and exclusion criteria are predefined rules used to determine which studies are relevant to a research question and should be included or excluded from a systematic review. They enhance the rigour, transparency, and reproducibility of the review process by ensuring consistency in study selection (Higgins, 2019). Inclusion criteria identify studies that align with 
	the review’s objectives, while exclusion criteria eliminate those that lack relevance or quality. This process reduces bias and improves the reliability of findings (Peters et al., 2020). 

	3.7.1 Inclusion Criteria 
	3.7.1 Inclusion Criteria 
	• 
	• 
	• 
	Studies targeting adolescents as the primary population. 

	• 
	• 
	Research specifically examining awareness or knowledge of respiratory diseases caused by vaping 

	• 
	• 
	Studies conducted in diverse settings, including communities, educational institutions, and healthcare facilities. 

	• 
	• 
	Studies carried out in any geographical location (worldwide). 

	• 
	• 
	Articles published in peer-reviewed journals ensure credibility and academic quality. 

	• 
	• 
	Inclusion of studies employing both quantitative and qualitative research methods. 

	• 
	• 
	Only articles published in the English language. 



	3.7.2 Exclusion Criteria 
	3.7.2 Exclusion Criteria 
	• 
	• 
	• 
	Studies that do not specifically explore awareness or knowledge of respiratory outcomes caused by vaping 

	• 
	• 
	Research that does not involve young adults as the target population. 

	• 
	• 
	Non-peer-reviewed sources, including conference abstracts and unpublished dissertations. 

	• 
	• 
	Studies not conducted in community, educational, or healthcare settings. 

	• 
	• 
	Articles not published in the English language. 


	A total of 1,327 records were initially identified through systematic searches across electronic databases, including PubMed, ProQuest and EBSCOhost. After removing 248 duplicates, 1,079 records remained for title and abstract screening. This initial screening was guided by the predefined inclusion and exclusion criteria outlined in Chapter 3.7.1 and 3.7.2. Studies were excluded at this stage if they focused on adult populations, non-respiratory outcomes, or. Studies not conducted in community, educational,
	Following this, 892 studies were excluded, leaving 187 full-text articles assessed for eligibility. 
	Full-text screening was conducted to assess the methodological quality and relevance further. Studies were excluded at this stage for several reasons: failure to report on longterm outcomes (n = 62), insufficient data on adolescent populations (n = 41), non-original research such as editorials or commentaries (n = 31), and lack of outcome specificity related to respiratory health (n = 22). After this rigorous process, 31 studies met the final inclusion criteria and were included in the review. 
	-

	The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram was used to illustrate the study selection process. This flowchart provides a transparent and structured representation of how the studies were screened, excluded, and ultimately selected. The PRISMA diagram enhances methodological transparency and helps readers visualise the elimination of irrelevant studies at each stage. 
	The included studies varied in design, including cohort (n = 12), cross-sectional (n = 15), and case-control (n = 4) methodologies. The selected literature spanned a range of countries and publication years, contributing to a comprehensive understanding of the long-term respiratory implications of adolescent e-cigarette use. (See figure 1 below) 
	Figure 1: PRISMA flow chart 
	Figure 1: PRISMA flow chart 
	Identification of studies via databases and registers 
	Identification of studies via databases and registers 
	Screening
	Records identified from*: PubMed (n =693) EBSCOhost (n = 509) ProQuest (n=125 
	Identification

	Records screened (n = 187) 
	Records assessed for Eligibility (n =31) 
	Studies included in the review 
	Studies included in the review 
	Included 

	(n = 12) 





	3.9 Ethical Considerations 
	3.9 Ethical Considerations 
	Records removed before screening: Duplicate records removed (n =248) Records removed for other reasons (n = 892) 
	Records excluded** -text articles excluded, with reasons: 
	No long-term outcomes: (n = 62) 
	-Insufficient adolescent data: n = 41 -Non-original research (editorials/commentaries): (n = 31) -Not specific to respiratory health: n = 22 Total excluded at full-text stage: n = 156) 
	Reports excluded: Wrong Population (Adolescents not reported separately) (n = 6) 
	Not Primary Research (n = 4) 
	Outcomes Not Aligned with Respiratory Health (n = 9) 
	Ethics in research refers to the principles and standards that guide responsible and respectful conduct during the research process, ensuring the protection of participants’ rights, dignity, and welfare (Huang et al., 2014). In this review, ethical considerations were upheld by including only peer-reviewed studies, which are assumed to have undergone ethical approval 
	through institutional review boards before publication. This ensures that participant consent, data confidentiality, and research integrity were maintained (Costa et al., 2024). By critically appraising studies using the established tools such as the Coughlan, Cronin, and Ryan (2007) checklist, ethical transparency and research quality were further evaluated before including them in the review (Skelton et al., 2020). This strengthens the credibility of the findings. 

	3.10 Chapter Summary 
	3.10 Chapter Summary 
	This chapter outlined the methodological approach used to conduct the systematic literature review, including the development of the search strategy, application of the PEO framework, use of relevant databases, and the establishment of clear inclusion and exclusion criteria. It also emphasised the importance of using peer-reviewed studies and considering ethical implications in selecting high-quality literature. A transparent and replicable process was followed to ensure the credibility of findings. The nex
	CHAPTER 4: DATA EXTRACTION AND EVALUATION 
	4.1 Introduction to Chapter 
	4.1 Introduction to Chapter 
	This chapter outlines the process of data extraction and the critical appraisal of studies included in the systematic literature review. It describes how relevant information was systematically gathered from the selected studies and evaluated for quality, rigour, and relevance. This chapter guarantees the review's findings are reliable by conducting a comprehensive evaluation of study designs, techniques, strengths, and limitations. Finally, this chapter will strengthen the review’s credibility and confirm 

	4.2 Data Extraction 
	4.2 Data Extraction 
	Data extraction is the systematic process of collecting key information from selected studies to enable structured analysis and synthesis within a systematic review (Tacconelli, 2010). It ensures consistency, transparency, and reduces the risk of bias during the review process (Munn et al., 2018). 
	For this review, a pre-designed data extraction form was used to collate essential study characteristics. The information extracted included: First author(s) and year of publication, country of study, study design (e.g. cross-sectional, cohort), population demographics (age range, sample size), type of exposure (vaping or e-cigarette use), outcomes measured (e.g. respiratory symptoms, lung function), and key findings. Additional data, such as follow-up duration, statistical methods, and limitations, were al

	4.3 Brief introduction to critical appraisal and paper quality assessment 
	4.3 Brief introduction to critical appraisal and paper quality assessment 
	Critical appraisal is the systematic evaluation of research evidence to assess its validity, reliability, and relevance before applying it to practice or incorporating it into a review (Burls, 2009). It involves assessing a study’s methodological quality, potential sources of bias, and the appropriateness of its design, data analysis, and conclusions (Ma et al., 2020) 
	In the context of a systematic literature review, critical appraisal is essential for distinguishing between high-quality and low-quality studies (Munn et al., 2014). This process ensures that 
	only robust and credible evidence contributes to the final synthesis, thereby improving the reliability of the review’s conclusions. Without critical appraisal, there is a risk of incorporating flawed or biased studies, which could lead to inaccurate or misleading recommendations. 
	Appraising research papers also supports transparency and academic rigour, as it enables researchers to justify the inclusion or exclusion of studies based on methodological merit. Ultimately, critical appraisal strengthens the evidence base for informing clinical practice, public health policy, and future research directions. 

	4.4 Critical Appraisal Tools 
	4.4 Critical Appraisal Tools 
	A critical appraisal tool is a structured checklist or framework used to systematically assess the quality, validity, and relevance of research studies (Haile, 2021). These tools offer a standardised method to evaluate key methodological aspects of a study, such as the clarity of the research question, suitability of the study design, sampling techniques, data collection and analysis methods, possible sources of bias, and the strength of the findings (Mallet et al., 2012). 
	Selecting the appropriate critical appraisal tool is crucial, as different tools are designed to appraise various types of studies, including qualitative research, quantitative studies, and mixed-methods designs. Using the wrong tool may lead to inaccurate assessments and compromise the reliability of the review. For example, the Critical Appraisal Skills Programme (CASP) checklist is widely used for qualitative studies. In contrast, tools such as the STROBE checklist and the framework by Coughlan, Cronin, 
	The purpose of these tools is not only to identify high-quality research but also to highlight limitations, guide inclusion decisions, and promote transparency in the review process. A wellchosen appraisal tool supports the integrity and credibility of the systematic review, ensuring that conclusions are based on sound and trustworthy evidence. 
	-

	4.5 Evaluation of Quantitative Studies 
	4.5 Evaluation of Quantitative Studies 
	Critical appraisal is essential for evaluating the validity, reliability, and relevance of evidence in systematic literature reviews. The current review used the Coughlan, Cronin, and Ryan (2007) quantitative appraisal checklist, which examines the clarity of objectives, appropriateness of methodology, recruitment methods, sample size, validity of exposure and outcome measures, ethical considerations, data analysis, and the justification of 
	conclusions. This framework was chosen over alternatives such as the STROBE statement (von Elm et al., 2007) and the Newcastle-Ottawa Scale (NOS) (Wells et al., 2012) because of its adaptability to both cross-sectional and cohort studies, which are common in research on adolescent vaping and respiratory health. 
	A total of twelve quantitative studies were evaluated (see Appendix 2 for complete tables). Of these, eight used cross-sectional designs (Brose et al., 2024; Kurdyś-Bykowska et al., 2024; McConnell et al., 2017; Kim et al., 2017; Schweitzer et al., 2017; Wills et al., 2020; Bayly et al., 2019; Alnajem et al., 2020; Wang et al., 2016), while four used cohort designs (Cherian et al., 2021; Stevens et al., 2022; Tackett et al., 2024; McConnell et al., 2017). Collectively, these studies encompass a range of set

	4.5.1 Per-Study Appraisal 
	4.5.1 Per-Study Appraisal 
	Cherian et al. (2021) analysed data from the Population Assessment of Tobacco and Health (PATH) youth cohort, focusing on adolescents aged 12–17. Their clear aim was to examine the association between e-cigarette use and respiratory symptoms, including wheeze, cough, and phlegm. The methodology was appropriate, employing logistic regression analyses with adjustments for smoking, cannabis, and sociodemographic factors. The sampling was nationally representative, which provides strong external validity. A maj
	Brose et al. (2024) conducted a multi-country cross-sectional survey of 39,214 adolescents (16–19 years) through the International Tobacco Control Youth Survey. The research aim was clear, and the methodology suitable, using weighted logistic regression to account for sampling. Recruitment involved online panels weighted to national populations, which enhanced generalisability but introduced potential self-selection bias (Bethlehem, 2010). Exposure was measured by vaping frequency in the past 30 days, while
	Brose et al. (2024) conducted a multi-country cross-sectional survey of 39,214 adolescents (16–19 years) through the International Tobacco Control Youth Survey. The research aim was clear, and the methodology suitable, using weighted logistic regression to account for sampling. Recruitment involved online panels weighted to national populations, which enhanced generalisability but introduced potential self-selection bias (Bethlehem, 2010). Exposure was measured by vaping frequency in the past 30 days, while
	observed. Strengths included international scope and a large sample size. Limitations were reliance on self-report and the cross-sectional design, which restricts causal inference (Grimes and Schulz, 2002). Nevertheless, the findings were consistent with Tackett et al. (2024), reinforcing their reliability. 

	Kurdyś-Bykowska et al. (2024) surveyed 10,388 adolescents aged 12–18 in Poland to compare respiratory symptoms among non-users, smokers, vapers, and dual users. The study's aim was clear, and the methodology was appropriate. Recruitment was conducted via schools, but limited detail was provided on randomisation, raising concerns about representativeness. Exposure categories allowed for meaningful comparisons, while outcomes included cough, chest pain, and wheeze. Self-reporting introduces the potential for 
	Stevens et al. (2022) examined functionally important respiratory symptoms using PATH Waves 3–4, including 21,057 adolescents. The aim was to evaluate vaping’s impact on symptoms that affect daily activities. Exposure was defined as use in the past 30 days; outcomes included shortness of breath that limited activity. Weighted logistic regression controlled for demographics, cigarette, and cannabis use. The large sample size ensured sufficient statistical power. Strengths included national representativeness
	Tackett et al. (2024) used the Southern California Children’s Health Study (CHS), following 2,094 adolescents (baseline mean age 17.3) over four years. The aims and design were appropriate, with prospective repeated measures strengthening causal inference. Recruitment was school-based, with high follow-up rates. Mixed-effects logistic regression adjusted for age, sex, ethnicity, parental education, asthma history, cigarette and cannabis use, and SHS. Outcomes included wheeze, bronchitic symptoms, and shortn
	Tackett et al. (2024) used the Southern California Children’s Health Study (CHS), following 2,094 adolescents (baseline mean age 17.3) over four years. The aims and design were appropriate, with prospective repeated measures strengthening causal inference. Recruitment was school-based, with high follow-up rates. Mixed-effects logistic regression adjusted for age, sex, ethnicity, parental education, asthma history, cigarette and cannabis use, and SHS. Outcomes included wheeze, bronchitic symptoms, and shortn
	thorough adjustment. Limitations include attrition bias and ongoing reliance on self-report. Nonetheless, this remains one of the strongest studies for causal inference (Hill, 1965). 

	McConnell et al. (2017) examined 2,086 adolescents aged 12–18 in the CHS, assessing vaping and bronchitis symptoms. The research aim was clear, and the design was suitable, although it was cross-sectional. Recruitment was school-based, which ensured coverage of adolescents but could introduce cluster bias. Exposure was defined as ever versus never use, while outcomes included bronchitis symptoms and wheeze. Logistic regression, adjusted for smoking and SHS, strengthened validity. Results showed vaping was a
	Kim et al. (2017) analysed 35,904 adolescents aged 12–18 using the Korea Youth Risk Behaviour Web-based Survey (KYRBWS). The aim was to examine associations between vaping and physician-diagnosed asthma. The design was suitable, and the sample size was exceptionally large, providing strong statistical power (Levin, 2006). Recruitment employed national multistage probability sampling, maximising representativeness. A major strength was the use of physician diagnosis of asthma as an outcome measure, which enh
	1.31–2.31

	Schweitzer et al. (2017) – USA, Hawaii, conducted a school-based cross-sectional survey of approximately 2,000 adolescents in Hawaii, aiming to assess e-cigarette use and current asthma prevalence. The study's aim was well-defined, and the methodology was appropriate, although a modest sample size limited the power compared to national datasets (Bethlehem, 2010). Recruitment was via schools, capturing a multiethnic adolescent population. Exposure was current vaping; the outcome was self-reported current ast
	Schweitzer et al. (2017) – USA, Hawaii, conducted a school-based cross-sectional survey of approximately 2,000 adolescents in Hawaii, aiming to assess e-cigarette use and current asthma prevalence. The study's aim was well-defined, and the methodology was appropriate, although a modest sample size limited the power compared to national datasets (Bethlehem, 2010). Recruitment was via schools, capturing a multiethnic adolescent population. Exposure was current vaping; the outcome was self-reported current ast
	verification. Nonetheless, the findings were consistent with those of Kim et al. (2017) and Wills et al. (2020), thereby strengthening reliability across contexts. Conclusions were proportionate and highlighted vaping as an independent risk factor for adolescent respiratory morbidity. 

	Wills et al. (2020) utilised a large national survey of over 13,000 U.S. adolescents to investigate the prevalence of vaping and asthma. The research aim was clear, and the cross-sectional method was suitable for estimating associations. Recruitment involved online probability panels, which improved representativeness but could also introduce nonresponse bias (Grimes and Schulz, 2002). Exposure was current vaping; the outcome was self-reported asthma. Logistic regression was adjusted for confounders, includ
	-

	Bayly et al. (2019) studied 11,830 adolescents with asthma in Florida to evaluate the effect of second-hand e-cigarette aerosol exposure on exacerbations. The aim was clear, and a school-based statewide survey was appropriate. The sample size was large and adequately powered. Exposure and outcomes were based on self-report, limiting diagnostic accuracy. Logistic regression adjusted for smoking, SHS, demographics, and other potential confounders. Results showed that SHA exposure increased the risk of asthma 
	(AOR 1.27, CI 1.11–1.47). 

	Alnajem et al. (2020) examined vaping and household SHA exposure in 1,565 adolescents aged 16–19 in Kuwait. Recruitment was school-based, and the research aim was clearly defined. Exposure included active vaping and SHA; outcomes included wheeze and uncontrolled asthma, assessed via self-report. Logistic regression adjusted for demographics and smoking. Findings showed vaping and SHA exposure increased odds of wheeze (OR 1.88) and uncontrolled asthma (OR 2.1). Strengths included its focus on Middle Eastern 
	Nonetheless, the results were consistent with those of Bayly et al. (2019) and Wang et al. (2016), reinforcing the global relevance of second-hand exposure. 
	Wang et al. (2016) analysed over 45,000 adolescents in Hong Kong to examine vaping and chronic bronchitis symptoms. The research aim was explicit, and the methodology appropriate, employing random school-based recruitment which maximised representativeness. Exposure was defined as current vaping; outcomes included chronic cough and phlegm (≥3 months), measured via self-report. Logistic regression adjusted for demographics, smoking, and SHS. Findings demonstrated vaping doubled the odds of chronic cough (AOR

	4.5.2 Synthesis of Critical Appraisal 
	4.5.2 Synthesis of Critical Appraisal 
	Across the twelve studies, several methodological patterns emerged. Cross-sectional studies (n=8) were valuable for estimating prevalence and associations but limited in their ability to infer causality (Levin, 2006). By contrast, cohort studies (n=4) such as Tackett et al. (2024) and Stevens et al. (2022) provided stronger temporal evidence, showing persistent and incident respiratory symptoms associated with vaping. Sample sizes were generally adequate, with particularly large datasets in Wang et al. (201
	Recruitment strategies varied from national probability sampling (Kim et al., 2017; Cherian et al., 2021) to regional school-based surveys (McConnell et al., 2017; Alnajem et al., 2020), affecting generalisability. Exposure and outcome measures were mostly valid but often relied on self-report, introducing recall and reporting biases (Carson et al., 2020). Only Kim et al. (2017) used clinically verified asthma outcomes, strengthening reliability. Analytical approaches were generally appropriate, with most s
	Ethical considerations were consistently reported, particularly in large cohort studies such as PATH and CHS. Results were typically clear, with adjusted ORs and confidence intervals presented. Conclusions were mostly proportionate, acknowledging limitations such as residual confounding and the inability to infer causality from cross-sectional data. 
	Overall, the evidence consistently indicated that vaping during adolescence increases risks of chronic cough, wheeze, bronchitis symptoms, asthma and impaired lung function. The consistency of findings across diverse geographical settings, large-scale cohorts, and school-based surveys strengthens confidence in the robustness of associations. 
	The critical appraisal of twelve quantitative studies revealed a body of evidence that is methodologically diverse but largely consistent in its conclusions. While limitations such as reliance on self-report and predominance of cross-sectional designs constrain causal inference, the inclusion of prospective cohorts (Tackett et al., 2024; Stevens et al., 2022) strengthens the case for a causal relationship between vaping and adverse respiratory outcomes in adolescents. Applying the Coughlan, Cronin & Ryan (2





	4.6: Chapter summary. 
	4.6: Chapter summary. 
	This chapter critically appraised the twelve primary quantitative studies included in the systematic literature review. Using the Coughlan, Cronin and Ryan (2007) appraisal tool, the methodological strengths and weaknesses of each study were systematically examined. The appraisal highlighted issues such as the predominance of cross-sectional designs, reliance on self-reported measures, and potential biases in recruitment strategies, but also underscored strengths such as large sample sizes, robust confounde
	The next chapter, 5: Data Analysis and Synthesis, will build upon these appraisals by integrating the findings across the included studies, identifying overarching themes, and developing a thematic synthesis of adolescent vaping and respiratory health. 
	CHAPTER 5: DATA ANALYSIS AND SYNTHESIS 
	5.1 Introduction to Chapter 
	5.1 Introduction to Chapter 
	This chapter presents the data analysis and synthesis of the twelve primary studies included in the systematic literature review. It begins by outlining the process of thematic analysis, explaining its relevance to synthesising findings across diverse study designs. The chapter then introduces the chosen analytical framework and describes the characteristics of the identified studies, including their geographical distribution and methodological approaches. Thereafter, the chapter develops a thematic synthes

	5.2 Thematic Analysis 
	5.2 Thematic Analysis 
	Thematic analysis is a method used to identify, organise, and interpret recurring patterns within data. In systematic literature reviews, it is often referred to as thematic synthesis, as it enables integration of findings across multiple studies (Vaismoradi et al., 2016). While primarily qualitative, it can also be applied to quantitative data by coding and categorising reported outcomes, thereby producing a structured synthesis of patterns and trends (Ayre and McCaffery, 2022). 

	5.3 Data Analysis Tool 
	5.3 Data Analysis Tool 
	This review employed the thematic analysis framework proposed by Braun and Clarke (2006), which outlines six systematic stages: familiarisation, generating codes, searching for themes, reviewing themes, defining themes, and reporting findings. The framework is widely recognised for its flexibility in analysing complex datasets and synthesising findings across studies. Its importance lies in ensuring transparency, consistency, and depth in data interpretation, making it highly suitable for systematic literat

	5.4 Characteristics of the Identiﬁed Studies 
	5.4 Characteristics of the Identiﬁed Studies 
	The twelve primary studies included in this review were conducted across diverse international settings, reflecting the global nature of adolescent vaping research. Five studies originated from the United States (Cherian et al., 2021; Stevens et al., 2022; Tackett et al., 2024; McConnell et al., 2017; Schweitzer et al., 2017), while one was conducted across 
	The twelve primary studies included in this review were conducted across diverse international settings, reflecting the global nature of adolescent vaping research. Five studies originated from the United States (Cherian et al., 2021; Stevens et al., 2022; Tackett et al., 2024; McConnell et al., 2017; Schweitzer et al., 2017), while one was conducted across 
	the UK, USA and Canada (Brose et al., 2024). Additional single-country studies were undertaken in Poland (Kurdyś-Bykowska et al., 2024), South Korea (Kim et al., 2017), Kuwait (Alnajem et al., 2020), and China (Hong Kong) (Wang et al., 2016). One study explored youth with asthma in Florida, USA (Bayly et al., 2019), and another focused on international cross-sectional comparisons (Brose et al., 2024). 

	The studies employed a mix of cross-sectional surveys and prospective cohorts, with sample sizes ranging from 1,565 to over 45,000 adolescents. Detailed study characteristics, including participant demographics, exposure definitions, outcome measures, and key findings, are presented in the data extraction tables (see Appendix 3). 

	5.5 Thematic Synthesis 
	5.5 Thematic Synthesis 
	5.5.1: Chronic Respiratory manifestations of vaping 
	5.5.1: Chronic Respiratory manifestations of vaping 
	One of the most prominent themes across the included studies was the relationship between vaping and chronic respiratory symptoms among adolescents. These symptoms encompassed persistent cough, wheezing, phlegm production, shortness of breath, and asthma exacerbations. The findings are consistent across diverse geographical and methodological contexts, highlighting that adolescent vaping is strongly associated with respiratory morbidity, even in the absence of prior smoking history. This directly answers th
	Cherian et al. (2021), using nationally representative data from the PATH cohort in the United States, found significant associations between frequent vaping and the prevalence of wheeze, chronic cough, and phlegm. Similarly, Brose et al. (2024), in a large cross-national study spanning the UK, USA, and Canada, identified a clear dose–response relationship: adolescents who vaped more frequently reported more severe respiratory complaints. These findings are echoed by Kurdyś-Bykowska et al. (2024), who repor
	Correspondingly, McConnell et al. (2017), within the Children’s Health Study in the United States, observed that adolescent vapers were more likely to experience bronchitic symptoms and wheeze, reinforcing the link between vaping and chronic respiratory issues. In a different setting, Schweitzer et al. (2017) found that Hawaiian adolescents who vaped were significantly more likely to report current asthma, with vaping independently increasing risk. 
	These findings are consistent with those of Wills et al. (2020), who reported similar associations in a nationally representative sample of American adolescents. 
	Internationally, Kim et al. (2017) provided strong evidence from South Korea, showing that adolescent vapers had significantly higher odds of physician-diagnosed asthma compared to non-users. Likewise, Wang et al. (2016), in a very large study of Hong Kong adolescents, demonstrated that vaping doubled the risk of chronic cough and significantly increased the likelihood of persistent phlegm. Collectively, these findings suggest that the adverse respiratory effects of vaping are not limited to one cultural or
	Importantly, these studies also shed light on the role of specific types of vaping. Brose et al. (2024) found that dual users, those who combined vaping with combustible cigarettes, experienced more severe symptoms than exclusive vapers, though exclusive vaping alone remained a significant risk factor. This finding directly supports the second research question, which sought to clarify the relationship between specific types of vaping and respiratory health outcomes. Similarly, Cherian et al. (2021) demonst
	Taken together, the evidence underscores a troubling pattern: vaping during adolescence is consistently associated with chronic respiratory symptoms across different study designs, populations, and geographical regions. These findings align closely with the research objectives by demonstrating existing evidence of long-term respiratory harm, clarifying the role of different patterns of use (exclusive versus dual), and pointing to a significant public health risk. They also highlight the need for early scree

	5.5.2: Impact of vaping on Pulmonary Function 
	5.5.2: Impact of vaping on Pulmonary Function 
	Beyond subjective symptoms, several studies demonstrated the impact of vaping on pulmonary function using objective clinical assessments. Indicators such as reduced lung capacity, airflow obstruction, and impaired spirometry values provide strong evidence that adolescent vaping compromises respiratory development and efficiency. This theme directly addresses the first and second research questions by showing how vaping influences measurable aspects of lung function and highlighting evidence that links speci
	Stevens et al. (2022), using data from the PATH study, investigated “functionally important” respiratory symptoms in over 21,000 adolescents. They found that current vapers were significantly more likely to report shortness of breath severe enough to limit daily activities, even after controlling for smoking and cannabis use. This provides evidence of impaired pulmonary function in adolescents who vape, illustrating that vaping has clinically meaningful consequences. Similarly, Tackett et al. (2024), in a p
	Correspondingly, Cherian et al. (2021) also reported reductions in FEV1 and FVC among frequent vapers in the PATH cohort, providing further evidence of measurable functional impairment. Importantly, the study confirmed that these associations persisted even when controlling for combustible tobacco use, suggesting vaping itself as an independent risk factor. In line with this, McConnell et al. (2017) reported increased prevalence of bronchitis symptoms and wheeze among adolescent vapers, outcomes which are o
	In addition, studies identified differences in impairment based on the type of vaping behaviour. Tackett et al. (2024) demonstrated that dual users experienced greater reductions in lung function than exclusive vapers, though both groups showed measurable impairment compared with non-users. This finding directly addresses the second research question by highlighting how specific types of vaping relate to adverse outcomes. Moreover, Stevens et al. (2022) noted that even occasional users demonstrated function
	Likewise, international evidence supports these conclusions. Wang et al. (2016) reported that Hong Kong adolescents who vaped had significantly higher odds of persistent phlegm and chronic cough, symptoms often reflective of impaired airway clearance mechanisms. These findings correspond with spirometry data from the USA, reinforcing a pattern of compromised pulmonary efficiency across different populations. 
	Taken together, these findings demonstrate a consistent pattern: vaping in adolescence is associated with reduced pulmonary function, diminished lung capacity, and increased risk of long-term impairment. This is especially concerning as adolescence represents a critical developmental window when the lungs are still maturing. By compromising growth and 
	Taken together, these findings demonstrate a consistent pattern: vaping in adolescence is associated with reduced pulmonary function, diminished lung capacity, and increased risk of long-term impairment. This is especially concerning as adolescence represents a critical developmental window when the lungs are still maturing. By compromising growth and 
	respiratory resilience, vaping may predispose adolescents to chronic obstructive pulmonary conditions later in life. This theme, therefore, contributes to the research objectives by providing strong evidence of long-term effects, clarifying the risks of exclusive versus dual use, and underscoring the need for longitudinal studies to track respiratory decline into adulthood. 


	5.5.3: Vaping and Pathophysiological Mechanisms 
	5.5.3: Vaping and Pathophysiological Mechanisms 
	A key theme identified in the review concerns the pathophysiological mechanisms by which vaping causes adverse respiratory outcomes in adolescents. Understanding these mechanisms is crucial to moving beyond correlation and establishing plausible causal pathways. The evidence shows that vaping aerosols induce inflammation, disrupt pulmonary surfactant, damage epithelial cells, and expose users to toxic chemicals, all of which can impair respiratory health over the long term. This theme, therefore, addresses 
	Martin et al. (2024) provided experimental evidence on how aldehyde-rich flavourings, such as cherry, disrupt pulmonary surfactant function. Pulmonary surfactant is vital for maintaining alveolar stability and efficient gas exchange; its disruption can impair lung elasticity and increase vulnerability to respiratory distress. Similarly, Kurdyś-Bykowska et al. (2024) observed that adolescent vapers in Poland reported respiratory complaints such as chest pain and wheeze, which the authors attributed to inflam
	Correspondingly, Tackett et al. (2024) identified persistent bronchitis symptoms among adolescent vapers in the Children’s Health Study, interpreting these findings as a consequence of chronic inflammation and airway remodelling. McConnell et al. (2017) echoed this by linking bronchitis outcomes to vaping, suggesting that recurrent epithelial damage and mucosal irritation are likely drivers. These studies highlight how even in the absence of prior combustible tobacco use, vaping independently promotes struc
	International evidence reinforces these mechanisms. Wang et al. (2016) found that Chinese adolescents who vaped were twice as likely to experience chronic cough and phlegm, outcomes typically associated with airway inflammation and mucus hypersecretion. Similarly, Kim et al. (2017) reported increased prevalence of asthma among South Korean vapers, 
	International evidence reinforces these mechanisms. Wang et al. (2016) found that Chinese adolescents who vaped were twice as likely to experience chronic cough and phlegm, outcomes typically associated with airway inflammation and mucus hypersecretion. Similarly, Kim et al. (2017) reported increased prevalence of asthma among South Korean vapers, 
	suggesting that vaping may act as a trigger for immune-mediated airway hyperresponsiveness. Together, these findings underline that pathophysiological harm is not limited to one population but is a consistent biological response to vaping across contexts. 

	An important dimension relates to the types of vaping exposure. Martin et al. (2024) demonstrated that flavoured e-liquids with high aldehyde concentrations had the most Disruptive effects on pulmonary surfactant. This aligns with Brose et al. (2024), who found that adolescents using flavoured vapes reported more frequent respiratory symptoms. These findings directly support the second research question, highlighting that not all vaping behaviours carry equal risk; certain product types and flavourings may 
	Taken together, these studies reveal a coherent pattern: vaping exposes adolescents to chemical and biological insults that damage lung tissue, provoke inflammation, and disrupt essential physiological processes. By highlighting these mechanisms, the theme contributes to the research objectives of identifying existing evidence, clarifying the relationship between specific types of vaping and respiratory outcomes, and revealing gaps in mechanistic understanding. Future research should build on these insights

	5.5.4: Second-hand vapour exposure and respiratory outcomes 
	5.5.4: Second-hand vapour exposure and respiratory outcomes 
	A less frequently discussed yet highly significant theme in the literature is the effect of second-hand exposure to e-cigarette vapour among adolescents. Although most research has focused on active use, several studies have highlighted that non-vaping adolescents who are exposed to vapour in their homes or social environments also report respiratory symptoms. This theme responds to the first and third research questions by extending the analysis of vaping’s effects beyond direct users, thereby revealing ad
	Bayly et al. (2019) found, in a large school-based survey of adolescents with asthma in Florida, that second-hand aerosol (SHA) exposure significantly increased the risk of asthma exacerbations. Adolescents exposed to vaping at home or in public spaces reported higher rates of wheezing and asthma attacks compared with their non-exposed peers. Similarly, Alnajem et al. (2020), in a Kuwaiti cohort of adolescents aged 16–19, demonstrated that both active vaping and household SHA exposure were strongly associat
	Bayly et al. (2019) found, in a large school-based survey of adolescents with asthma in Florida, that second-hand aerosol (SHA) exposure significantly increased the risk of asthma exacerbations. Adolescents exposed to vaping at home or in public spaces reported higher rates of wheezing and asthma attacks compared with their non-exposed peers. Similarly, Alnajem et al. (2020), in a Kuwaiti cohort of adolescents aged 16–19, demonstrated that both active vaping and household SHA exposure were strongly associat
	themselves but lived in households with frequent vaping still exhibited increased respiratory symptoms. 

	Similarly, Islam et al. (2022) provided further evidence from young adults in the United States, reporting that second-hand nicotine vaping in domestic settings was linked to cough and phlegm among non-users. Although this study slightly exceeds the adolescent age group, it supports the plausibility of passive risks identified in adolescent-specific cohorts such as Bayly et al. (2019) and Alnajem et al. (2020). Together, these studies demonstrate that second-hand exposure is not harmless and involves measur
	In contrast to public perceptions that vaping is a safer alternative to smoking, the findings above challenge notions of harmlessness. Unlike second-hand tobacco smoke, which has long been recognised as a health hazard, second-hand e-cigarette vapour is often underestimated in policy and household decision-making. Accordingly, Brose et al. (2024) observed that adolescents frequently underestimate the risks of vaping, which may explain why families or peers vape around young people. This socio-cultural permi
	The implications of these findings are extensive. First, they indicate that public health campaigns need to broaden their focus from direct vaping behaviour to the risks associated with second-hand vapour. Second, they underscore a significant gap in the evidence base: while studies confirm that passive exposure is linked to acute symptoms such as wheezing, coughing, and asthma exacerbation, there is limited long-term evidence on whether secondhand exposure contributes to ongoing respiratory decline in adol
	-

	Taken together, the evidence from Bayly et al. (2019), Alnajem et al. (2020), and Islam et al. (2022) highlights a consistent pattern: second-hand vapour exposure among adolescents can cause significant respiratory symptoms, even in non-users. This theme, therefore, supports the research goals by identifying an often-overlooked aspect of harm, emphasising how exposure type affects respiratory health, and offering policy recommendations, such as enforcing no-vaping rules in homes and public spaces. 

	5.5.5: Vaping, Addiction, and Psychosocial Inﬂuences on Respiratory Health 
	5.5.5: Vaping, Addiction, and Psychosocial Inﬂuences on Respiratory Health 
	Alongside direct physiological effects, a recurring theme in the literature addresses the psychosocial aspects of vaping, especially nicotine addiction, dual use, and peer and social norm influences. These factors not only influence patterns of adolescent vaping but also intensify long-term respiratory risks by extending exposure and making cessation more difficult. This theme supports all three research questions by illustrating how ongoing use, driven by addiction and social influences, amplifies the resp
	Ketcher et al. (2021), the only qualitative study included, offered valuable insights into the lived experiences of young people with vaping. Participants described compulsive behaviours, difficulties quitting, and anxiety related to respiratory symptoms. These accounts suggest that addiction to nicotine delivered via e-cigarettes promotes sustained exposure, which, in turn, increases the likelihood of developing chronic respiratory symptoms over time. Similarly, Brose et al. (2024) found that frequent vape
	Similarly, Kurdyś-Bykowska et al. (2024) reported that dual users in Poland had higher odds of respiratory symptoms compared to exclusive vapers, while also showing greater psychosocial risk factors such as truancy and substance use. This aligns with Tackett et al. (2024), who observed that adolescents engaging in dual use experienced a more marked trajectory of respiratory decline than those who vaped exclusively. These findings suggest that psychosocial vulnerability, combined with addictive patterns of u
	Peer influence emerged as another crucial factor in adolescent vaping. Brose et al. (2024) emphasised that experimentation and initiation were strongly linked to peer norms and the perception that vaping was socially acceptable. Likewise, Kechter et al. (2021) found that participants mainly started vaping due to peer encouragement and the belief that vaping was harmless. These misconceptions, reinforced by appealing flavours and marketing tactics, contribute to early initiation and continued use, thereby in
	In contrast, studies such as Wang et al. (2016) and Kim et al. (2017), which mainly focused on respiratory outcomes, did not directly examine psychosocial influences but still showed 
	that even relatively low levels of use were linked to increased asthma and bronchitis symptoms. This implies that social and psychological factors, by raising the chances of early initiation and consistent use, may indirectly magnify the effects of vaping on respiratory health. 
	Taken together, the evidence shows that vaping cannot be understood solely as a physiological issue; rather, it is embedded in a psychosocial context that promotes dependence and sustained exposure. Addiction and peer influence perpetuate use, while mental health challenges both encourage uptake and emerge as consequences of vaping. This theme therefore supports the research objectives by recognising psychosocial factors that amplify respiratory harm, clarifying how dual and sustained use relate to worse ou
	5.5.6 Vaping dose, duration, and associated respiratory outcomes 
	5.5.6 Vaping dose, duration, and associated respiratory outcomes 
	The final theme concerns the association between vaping dose, duration, and respiratory risk in adolescents. Evidence consistently shows that both the frequency of vaping and the length of exposure play critical roles in determining the severity of respiratory health outcomes. This theme directly addresses the first and second research questions by clarifying how different usage patterns influence respiratory morbidity, while also contributing to the third by showing how specific types of vaping (exclusive 
	Brose et al. (2024), in their large-scale cross-national study across the UK, USA and Canada, identified a clear dose–response relationship: adolescents who vaped more frequently reported significantly higher levels of wheezing, cough, and chest pain compared with occasional users. Similarly, Stevens et al. (2022), analysing data from the PATH cohort, found that even after adjusting for cigarette smoking and cannabis use, adolescents who vaped more days per month were more likely to experience functionally 
	Correspondingly, Tackett et al. (2024), in their longitudinal cohort analysis of the Children’s Health Study, provided strong evidence that duration of vaping was also critical. Adolescents who reported sustained use over multiple years exhibited higher odds of bronchitis 
	Correspondingly, Tackett et al. (2024), in their longitudinal cohort analysis of the Children’s Health Study, provided strong evidence that duration of vaping was also critical. Adolescents who reported sustained use over multiple years exhibited higher odds of bronchitis 
	symptoms and wheeze compared with those with shorter histories of use. The prospective design strengthens causal inference by demonstrating that longer exposure predicts worsening respiratory health. Likewise, Wang et al. (2016), in a large Hong Kong cohort, found that persistent users reported chronic cough and phlegm at significantly higher rates than occasional users, reinforcing the cumulative effect of vaping over time. 

	An additional layer of complexity is provided by differences between exclusive and dual users. Brose et al. (2024) reported that dual users who combine vaping with combustible cigarette use exhibited the most severe respiratory outcomes, though exclusive vapers still had elevated risks compared with non-users. These finding highlights how specific types of vaping behaviours interact with other exposures to amplify harm. Similarly, Tackett et al. (2024) observed that adolescents engaging in dual use had a st
	In contrast, Cherian et al. (2021) demonstrated that even occasional vaping, without concurrent smoking, was associated with measurable respiratory symptoms, suggesting that there may be no completely safe threshold of use. Correspondingly, Stevens et al. (2022) found that adolescents with relatively limited vaping exposure still experienced shortness of breath, albeit at a lower prevalence than frequent users. These findings highlight a concerning implication: even low-dose or short-duration vaping can com
	To sum up, the evidence consistently supports a dose-response relationship between vaping and respiratory morbidity. Adolescents who vape more frequently, begin earlier, or sustain use over longer periods face significantly greater risks of chronic respiratory symptoms, impaired lung function, and airway inflammation. Exclusive vaping is harmful in itself, while dual use compounds the risk. This theme, therefore, contributes directly to the research objectives by clarifying the long-term effects of vaping, 
	CHAPTER 6: DISCUSSION. 




	6.1 Introduction 
	6.1 Introduction 
	This chapter provides a critical discussion of the findings presented in the previous chapter to situate them within the wider body of evidence on adolescent vaping and respiratory health. The discussion is structured around six key themes identified during the thematic synthesis: vaping and chronic respiratory symptoms; vaping and pulmonary function impairment; vaping and pathophysiological mechanisms; vaping and second-hand vapour exposure; vaping, dose, and duration of use; and vaping, addiction, and psy

	6.2 Key Findings 
	6.2 Key Findings 
	6.2.1: Chronic respiratory manifestations of vaping 
	6.2.1: Chronic respiratory manifestations of vaping 
	Across the reviewed studies, one of the most consistent findings was the association between adolescent vaping and the presence of chronic respiratory symptoms such as cough, wheeze, breathlessness, and sputum production. Several longitudinal and crosssectional studies, such as those of Tokle, Brunborg and Vedøy (2021), reported that adolescents who vape are significantly more likely to experience persistent respiratory complaints compared to their non-vaping peers. Stevens et al. (2022) also identified a h
	-

	When compared with existing tobacco-related research, the patterns are strikingly similar. Traditional cigarette smoking has long been associated with cough and sputum production in adolescence (U.S. Surgeon General, 2016). The fact that e-cigarettes, often perceived as a safer alternative, demonstrate comparable outcomes suggests that the aerosolised constituents, nicotine, flavourings, and ultrafine particles may be sufficient to irritate airways even in the absence of combustion. 
	However, it is important to note that several included studies, such as Chaffee et al. (2021), Stevens et al. (2022), Kim et al. (2017), Cho and Paik (2016), Wills et al. (2020), Alnajem et al. (2020), and Kurdyś-Bykowska et al. (2024), relied primarily on self-reported respiratory symptoms. This introduces potential recall and reporting bias, as adolescents may under-or 
	However, it is important to note that several included studies, such as Chaffee et al. (2021), Stevens et al. (2022), Kim et al. (2017), Cho and Paik (2016), Wills et al. (2020), Alnajem et al. (2020), and Kurdyś-Bykowska et al. (2024), relied primarily on self-reported respiratory symptoms. This introduces potential recall and reporting bias, as adolescents may under-or 
	over-estimate their symptoms. In addition, there was marked variation in how symptoms were defined across these surveys, for example, ‘wheeze in the past 12 months’ (Chaffee et al., 2021; Kim et al., 2017) compared with ‘persistent cough for three months’ (Stevens et al., 2022). Such inconsistencies complicate direct comparison of findings across studies and limit the ability to establish standardised outcome patterns. 

	Notably, Tackett et al. (2024) highlighted that symptom prevalence was particularly elevated among adolescents with daily or high-frequency vaping habits, suggesting a dose–response relationship that will be revisited in a later theme. Overall, the convergence of evidence indicates that vaping cannot be dismissed as benign with respect to adolescent respiratory health. Instead, the accumulation of chronic respiratory symptoms appears to be an early clinical marker of harm, warranting further longitudinal in

	6.2.2: Impact of vaping on Pulmonary Function 
	6.2.2: Impact of vaping on Pulmonary Function 
	A second major finding across the reviewed studies was the relationship between vaping and pulmonary function decline among adolescents, typically measured using spirometry indices such as forced expiratory volume in one second (FEV1) and forced vital capacity (FVC). Evidence from Tackett et al. (2024) reported that adolescents who engaged in regular vaping demonstrated significantly lower FEV1/FVC ratios compared with non-users, based on objective spirometry. This aligns with McConnell et al. (2017), who a
	-

	Overall, the weight of evidence suggests that vaping may impair pulmonary function in adolescents, though the magnitude and permanence of these effects remain uncertain. Larger longitudinal studies with repeated objective measures are needed to clarify whether 
	Overall, the weight of evidence suggests that vaping may impair pulmonary function in adolescents, though the magnitude and permanence of these effects remain uncertain. Larger longitudinal studies with repeated objective measures are needed to clarify whether 
	early declines translate into chronic obstructive or restrictive respiratory patterns in adulthood. 


	6.2.3: Vaping and Pathophysiological Mechanisms 
	6.2.3: Vaping and Pathophysiological Mechanisms 
	Beyond self-reported symptoms and spirometry, the reviewed evidence also sheds light on potential biological mechanisms linking adolescent vaping with respiratory harm. Several studies highlighted that e-cigarette aerosols contain ultrafine particles, nicotine, volatile organic compounds, and flavouring agents that can provoke airway inflammation and oxidative stress. For example, Stevens et al. (2022) observed elevated markers of respiratory irritation among adolescent vapers, suggesting early inflammatory
	These findings are consistent with toxicological studies in animal and cellular models. For instance, Madison et al. (2019) demonstrated that exposure to e-cigarette vapour impairs surfactant production in alveolar epithelial cells, thereby compromising pulmonary defence mechanisms. Oxidative stress has also been identified as a key pathway, with Wang et al. (2019) showing that e-cigarette aerosol inhalation increases reactive oxygen species and pro-inflammatory cytokines, both of which are implicated in as
	Nevertheless, gaps remain in the literature specific to adolescents. Few primary studies directly measured biomarkers of inflammation or oxidative stress in youth populations, relying instead on extrapolation from adult or laboratory findings. This limitation underscores the need for integrated clinical and mechanistic research to establish a causal chain from vaping exposure to observed respiratory outcomes. Despite these uncertainties, the converging evidence strongly suggests that pathophysiological disr
	6.2.4 Second-hand vapour exposure and respiratory outcomes 
	6.2.4 Second-hand vapour exposure and respiratory outcomes 
	An important but often underexplored dimension of adolescent respiratory health is the effect of second-hand exposure to e-cigarette aerosols. Within the reviewed studies, limited but notable evidence indicated that non-vaping adolescents exposed to vapour in shared environments reported a higher prevalence of respiratory symptoms such as cough, wheeze, 
	An important but often underexplored dimension of adolescent respiratory health is the effect of second-hand exposure to e-cigarette aerosols. Within the reviewed studies, limited but notable evidence indicated that non-vaping adolescents exposed to vapour in shared environments reported a higher prevalence of respiratory symptoms such as cough, wheeze, 
	and phlegm compared with peers with no exposure. For example, Chaffee et al. (2021) found that second-hand e-cigarette exposure was independently associated with increased odds of wheezing, even after controlling for exposure to combustible tobacco smoke. These findings echo wider concerns about the misperception that vaping emissions are harmless “water vapour.” 

	When compared with passive cigarette smoking research, the parallels are striking. Longstanding evidence shows that exposure to second-hand tobacco smoke significantly increases risk of asthma, bronchitis, and reduced lung function in children and adolescents (Royal College of Physicians, 2010). Although e-cigarettes emit fewer toxins than combustible cigarettes, studies have identified harmful constituents such as formaldehyde, acrolein, and heavy metals in exhaled vapour (National Academies of Sciences, E
	However, the strength of evidence remains constrained by methodological limitations. Most studies in this review were cross-sectional, limiting causal inference, and relied heavily on self-reported exposure rather than objective biomarkers such as cotinine levels. In addition, there was a lack of longitudinal data to determine whether symptoms persist or escalate with ongoing exposure. Despite these limitations, the available findings reinforce the need for precautionary public health messaging and regulato


	6.2.5: Vaping, Addiction, and Psychosocial Inﬂuences on Respiratory Health 
	6.2.5: Vaping, Addiction, and Psychosocial Inﬂuences on Respiratory Health 
	The fifth theme identified in this review highlights the intersection between vaping, nicotine addiction, and psychosocial influences, all of which indirectly contribute to adolescent respiratory health outcomes. Nicotine dependence was a recurring finding, with several studies noting that adolescents who vape daily or intensively often report symptoms of withdrawal and cravings that sustain continued use (Chaffee et al., 2021; Tackett et al., 2024). This cycle of dependence increases cumulative exposure to
	Psychosocial factors also play a key role in shaping vaping behaviours. Peer influence, social normalisation of vaping, and targeted marketing of flavoured products have been shown to encourage uptake among young people (National Academies of Sciences, Engineering, and Medicine, 2018). Adolescents who see vaping as socially acceptable or less harmful are more likely to start and continue using it, increasing their exposure to respiratory toxins. This psychosocial reinforcement indirectly promotes respirator

	6.2.6: Vaping dose, duration, and associated respiratory outcomes 
	6.2.6: Vaping dose, duration, and associated respiratory outcomes 
	A recurrent pattern across the reviewed studies was the apparent dose–response relationship between vaping frequency, duration of use, and severity of respiratory outcomes in adolescents. Tackett et al. (2024) reported that daily and long-term adolescent vapers had substantially higher odds of experiencing chronic cough, wheeze, and reduced lung function compared with occasional users. Similarly, Stevens et al. (2022) observed a gradient effect, where symptom prevalence increased with both the frequency of 
	(U.S. Department of Health and Human Services, 2014). 
	The dose–response effect also aligns with emerging toxicological evidence. Laboratory studies show that repeated exposure to e-cigarette aerosols causes cumulative oxidative stress and airway inflammation, which increase with higher nicotine levels and longer inhalation patterns (Gotts et al., 2019). This suggests that the amount of aerosol inhaled and the duration of use are key factors influencing harm. However, accurately measuring dose remains challenging. Adolescents often use a variety of devices and 
	Additionally, longitudinal evidence is limited. While some cohort studies suggest that early initiation and prolonged vaping could speed up lung function decline, follow-up periods are currently too short to confirm if these patterns resemble the chronic obstructive or restrictive conditions linked to long-term smoking. Although Sun and Oates (2024) focused on young adults rather than adolescents, their findings demonstrated a clear dose–response relationship, with more frequent and dual vaping associated w


	6.3 Strengths and Limitations 
	6.3 Strengths and Limitations 
	This systematic literature review highlights several significant strengths. Firstly, its design was guided by the PRISMA 2020 guidelines, which improve transparency, reproducibility, and methodological rigour in systematic reviews (Page et al., 2021). The inclusion criteria were intentionally limited to adolescents aged 10–19, a group identified as particularly vulnerable to nicotine dependence and respiratory harm (U.S. Department of Health and Human Services, 2016). By employing a thematic synthesis appro
	Furthermore, searching multiple databases minimised the risk of overlooking relevant evidence and enhanced the thoroughness of the review. However, some limitations must be recognised. Many of the included studies depended on self-reported vaping behaviours and respiratory symptoms, which are prone to recall bias and misreporting, especially among adolescent populations (Brener et al., 2003). The variability in study designs, exposure measurements, and outcome definitions made direct comparisons difficult, 

	6.4 Chapter Summary 
	6.4 Chapter Summary 
	This chapter critically examined the findings of the systematic review, placing them within the broader body of evidence on adolescent vaping and respiratory health. Six themes were discussed: chronic respiratory symptoms, pulmonary function impairment, 
	This chapter critically examined the findings of the systematic review, placing them within the broader body of evidence on adolescent vaping and respiratory health. Six themes were discussed: chronic respiratory symptoms, pulmonary function impairment, 
	pathophysiological mechanisms, second-hand vapour exposure, dose and duration of use, and addiction, along with psychosocial influences. The discussion highlighted areas of agreement with existing research, as well as methodological limitations and evidence gaps that need further investigation. The strengths and weaknesses of the review itself were also acknowledged. Overall, this chapter emphasises the increasing evidence that vaping presents significant respiratory risks for adolescents. 

	Chapter 7: Recommendations and Conclusion 
	7.1 Introduction to Chapter 
	7.1 Introduction to Chapter 
	This final chapter offers the recommendations and conclusion of the systematic literature review on the long-term effects of vaping on adolescent respiratory health. It begins by summarising the key findings of the review, emphasising their relevance to adolescent health, clinical practice, and public health policy. The chapter then presents practical recommendations for healthcare professionals, educators, policymakers, and researchers aimed at prevention, early intervention, and evidence-based policy deve

	7.2 Implications of Findings 
	7.2 Implications of Findings 
	The findings of this review have significant implications for adolescent health and broader public health policies. Evidence that vaping leads to chronic respiratory symptoms, impaired lung function, and underlying physiological damage emphasises the urgent need for clinical awareness and early intervention. For healthcare professionals, this highlights the importance of including routine screening for vaping behaviours in adolescent health assessments, alongside customised counselling on associated respira
	-


	7.3 Recommendations for Practice 
	7.3 Recommendations for Practice 
	Based on the evidence reviewed, several recommendations can be made for practice. Healthcare professionals should routinely screen for vaping habits during adolescent consultations and include checks for respiratory symptoms such as cough, wheeze, and breathlessness. Schools should strengthen health education curricula to explicitly address vaping-related respiratory harms, counteracting peer influence and industry-driven misconceptions. Parents and guardians should be engaged through community campaigns 
	Based on the evidence reviewed, several recommendations can be made for practice. Healthcare professionals should routinely screen for vaping habits during adolescent consultations and include checks for respiratory symptoms such as cough, wheeze, and breathlessness. Schools should strengthen health education curricula to explicitly address vaping-related respiratory harms, counteracting peer influence and industry-driven misconceptions. Parents and guardians should be engaged through community campaigns 
	to raise awareness about the dangers of second-hand vapour exposure in home environments. Clinicians should also provide tailored cessation support to adolescents struggling with nicotine dependence, recognising the high prevalence of dual use with combustible cigarettes. Public health authorities should advocate for stricter regulation of youth-oriented marketing, flavoured e-liquids, and easy product accessibility. Clear, evidence-based messaging that vaping is not a harmless alternative, but a cause of l
	-



	7.4 Recommendations for Future Research 
	7.4 Recommendations for Future Research 
	Although this review offers strong evidence of the respiratory risks of vaping in adolescents, important research gaps remain. Longitudinal studies are urgently needed to monitor the persistence and development of vaping-related respiratory impairments into adulthood, especially concerning chronic obstructive pulmonary disease (COPD) and asthma (Bhatta and Glantz, 2019). Additional experimental and cohort studies should investigate the biological mechanisms behind vaping-related lung damage, including the l

	7.5 Conclusion 
	7.5 Conclusion 
	This systematic literature review aimed to examine the long-term effects of vaping on respiratory health in adolescents, a growing public health issue due to the widespread adoption of e-cigarettes among this age group. The main research question was: What are the long-term respiratory health effects of vaping among adolescents, and what evidence supports these outcomes? The review of twelve primary studies showed strong and consistent evidence that adolescent vaping is associated with chronic respiratory s
	This systematic literature review aimed to examine the long-term effects of vaping on respiratory health in adolescents, a growing public health issue due to the widespread adoption of e-cigarettes among this age group. The main research question was: What are the long-term respiratory health effects of vaping among adolescents, and what evidence supports these outcomes? The review of twelve primary studies showed strong and consistent evidence that adolescent vaping is associated with chronic respiratory s
	adolescents who vape reported symptoms such as persistent cough, wheezing, phlegm, and worsened asthma, even at low levels of use. Clinical assessments, especially spirometry, confirmed reductions in lung function, including declines in forced expiratory volume (FEV1) and forced vital capacity (FVC), suggesting early onset of functional impairment during a critical stage of lung development. 

	The findings also highlighted the underlying pathophysiological mechanisms through which vaping damages respiratory health. Disruption of pulmonary surfactant, injury to epithelial cells, and sustained inflammation were repeatedly identified as biological pathways contributing to impaired lung growth and long-term vulnerability to chronic disease. Furthermore, the review revealed that second-hand vapour exposure risks non-vaping adolescents, with household and peer environments emerging as significant conte
	The importance of these results lies in their implications for clinical practice, education, and policy. Adolescents are a distinctly vulnerable group due to their developing lungs, susceptibility to addiction, and exposure to peer and cultural influences that normalise vaping. Addressing this issue requires a multi-sectoral response, including targeted education, routine screening, family-level interventions, and stricter regulation of vaping products and marketing (Reiter et al., 2023) 
	In conclusion, this review provides compelling evidence that adolescent vaping has lasting and detrimental effects on respiratory health. Protecting young people from these harms is essential to safeguarding their future wellbeing. The findings should inform both immediate public health strategies and longer-term research priorities aimed at reducing the burden of vaping-related respiratory disease. 
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	Application to the SLR 

	Population (P) 
	Population (P) 
	Adolescents aged 10–19 years, male and female, from any geographic, social, or cultural background. 
	The review focuses exclusively on adolescents within the WHO definition of adolescence. Studies with mixed populations were only included if adolescent-specific data could be extracted. 

	Exposure (E) 
	Exposure (E) 
	Vaping / e-cigarette use (including frequency, duration, nicotine concentration, and device type). Studies also considered second-hand vapour exposure where assessed. 
	Captures all forms of vaping behaviour and exposure, regardless of device generation or nicotine content, as long as the study links this exposure to respiratory outcomes. 

	Outcome (O) 
	Outcome (O) 
	Respiratory health outcomes, including: – Chronic respiratory symptoms (wheeze, cough, phlegm, breathlessness) – Pulmonary function impairment (e.g., FEV1, FVC, lung capacity) – Pathophysiological changes (oxidative stress, airway inflammation) – Asthma exacerbations, hospitalisations, or other morbidity indicators. 
	Ensures that only studies reporting outcomes directly related to respiratory health were included. Excludes studies focused solely on cardiovascular, neurological, or smoking cessation outcomes. 


	Appendix 2: Quantitative Critical Appraisal (Coughlan, Cronin & Ryan, 2007 
	Notes: Y = Yes; N = No; P = Partly/unclear from abstract. Cherian et al., 2021 (USA, PATH Youth) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Explicit aim to assess vaping and respiratory symptoms among adolescents. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Epidemiological methodology suited to population associations. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Analysis of PATH cohort appropriate; crosssectional limits temporality. 
	-


	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Large national sample (PATH); adequate statistical power. 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	Probability-based, nationally representative sampling. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Standardised self-report items; validated PATH instruments. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Institutional Review Board /consent typically stated in PATH publications. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Multivariable logistic regression; controlled for smoking, cannabis, SHS, demographics. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Adjusted ORs with CIs reported. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions align with data; causality not claimed. 


	Brose et al., 2024 (UK/US/Canada, ITC Youth) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to compare respiratory symptoms by vaping/smoking frequency across three countries. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Survey methodology appropriate for comparative prevalence. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Cross-sectional design appropriate for aim; acknowledges causal limits. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Very large sample (≈39k) with weights; ample power. 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	Online panel with national weighting; procedures described. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Self-report outcomes; standard symptom 

	TR
	questions across countries. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethical clearances in each jurisdiction indicated. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Weighted logistic regression; adjusted for key confounders; sensitivity analyses. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Estimates with CIs; stratified outputs by country and user type. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions proportionate; notes cross-sectional limits. 


	Kurdyś-Bykowska et al., 2024 (Poland) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to compare symptoms across non-users, smokers, vapers, dual users. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	School-based epidemiological survey appropriate. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Cross-sectional design suit’s objective; limits temporality. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Large national school sample (≈10k). 

	5. Was the sampling/recruitment 
	5. Was the sampling/recruitment 
	P 
	Recruitment via schools described; finer sampling detail limited. 

	strategy described and appropriate? 
	strategy described and appropriate? 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	P 
	Self-report measures; standard but limited info on validation in paper. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethics/approvals typically stated for school surveys. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	P 
	Comparative analyses; extent of confounder control not always explicit. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Results presented clearly with group comparisons. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions consistent; acknowledges design limits. 


	Stevens et al., 2022 (USA, PATH Waves 3–4) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to relate vaping to functionally important respiratory symptoms. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Population-based analytic approach appropriate. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Use of PATH longitudinal data; analysis crosssectional/pooled as reported. 
	-


	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Large, weighted sample (~21k). 

	5. Was the sampling/recruitment 
	5. Was the sampling/recruitment 
	Y 
	Nationally representative sampling. 

	strategy described and appropriate? 
	strategy described and appropriate? 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Exposure/outcome selfreport from validated PATH modules. 
	-


	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	IRB/consent for PATH. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Weighted logistic regression with multiple product controls. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Results with adjusted estimates. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions cautious and justified. 


	Tackett et al., 2024 (USA, CHS prospective cohort) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to examine vaping and incident/persistent respiratory symptoms. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Longitudinal cohort appropriate for temporal assessment. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Prospective repeatedmeasures design. 
	-


	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Sample ~2,094; adequate for mixed-effects models. 

	5. Was the sampling/recruitment 
	5. Was the sampling/recruitment 
	Y 
	School-based cohort recruitment described. 

	strategy described and appropriate? 
	strategy described and appropriate? 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Standard adolescent symptom questionnaires; repeated waves. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	IRB approvals noted for CHS program. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Mixed-effects logistic models; adjusted for demographics, asthma, tobacco/cannabis, SHS. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Adjusted ORs with CIs across waves. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions proportional; acknowledges residual confounding. 


	McConnell et al., 2017 (USA, SoCal CHS) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to test association of e-cig use with bronchitic symptoms/wheeze. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Epidemiologic survey approach appropriate. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Cross-sectional design; cannot infer causality. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	≈2,086 adolescents; adequate power. 

	5. Was the sampling/recruitment 
	5. Was the sampling/recruitment 
	Y 
	School-based recruitment described. 

	strategy described and appropriate? 
	strategy described and appropriate? 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Standard symptom items used in CHS studies. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethics for adolescent school research stated. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Adjusted logistic regression controlling for smoke/SHS, demographics. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	ORs and CIs presented. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions justified within design constraints. 


	Kim et al., 2017 (South Korea, KYRBWS) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to examine vaping and physician-diagnosed asthma. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	National school survey appropriate for prevalence associations. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Cross-sectional design aligned to aim; causality limited. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Very large sample (~36k). 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	National multi-stage sampling described. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Exposure and outcome via standard KYRBWS items; physician diagnosis reported. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethical approvals customary; stated in KYRBWS protocols. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Multivariable logistic models with extensive confounder control. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Adjusted ORs with CIs reported. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions proportionate; policy relevance noted. 


	Schweitzer et al., 2017 (USA, Hawaii) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to test association between e-cig use and current asthma. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	School-based crosssectional methodology appropriate. 
	-


	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Design matches’ aim; inference limited. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	P 
	≈2,000; adequate though modest vs national surveys. 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	School recruitment procedures described. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	P 
	Self-report asthma; potential misclassification; measures commonly used. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethics and consent procedures reported. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Adjusted logistic regression including cigarettes/marijuana. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Adjusted estimates reported. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions appropriate; limitations acknowledged. 


	Wills et al., 2020 (USA) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to evaluate e-cig use and asthma in adolescents. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	National cross-sectional survey appropriate. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Design aligned with objective; no causality. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Large national sample (>13k). 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	Sampling strategy described for representativeness. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	P 
	Self-reported asthma status; standard in large surveys. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethical approvals stated. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Multivariable regression adjusting for cigarette/marijuana, demographics. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	ORs presented (e.g., ~1.36) with CIs where available. 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions justified; limitations noted. 


	Bayly et al., 2019 (USA, Florida youth with asthma) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to examine secondhand ENDS aerosol and asthma exacerbations. 
	-


	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Cross-sectional survey appropriate for populationlevel association. 
	-


	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Design aligns with objective; causality limited. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Large sample (~11.8k) of youth with asthma. 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	Statewide recruitment via school survey. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	P 
	Exposure and outcome self-report; outcome pertains to exacerbations. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethics approvals standard for state surveys. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Adjusted logistic regression controlling for demographics, smoking, SHS. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	AORs and CIs reported (e.g., 1.27). 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions justified; residual confounding acknowledged. 


	Alnajem et al., 2020 (Kuwait) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to assess vaping/SHA with wheeze and asthma control. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	School-based crosssectional design appropriate. 
	-


	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Design aligned with aim. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	P 
	Sample ~1,565; adequate though smaller than national datasets. 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	Recruitment via schools described. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	P 
	Self-report of wheeze and asthma control; standard but not clinical validation. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethical approvals stated. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Multivariable logistic regression with key confounders. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Adjusted ORs reported (e.g., wheeze 1.88; uncontrolled asthma 2.1). 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions justified within limitations. 


	Wang et al., 2016 (Hong Kong, China) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Appraisal Question (Coughlan, Cronin & Ryan, 2007) 
	Yes/No/Partly 
	Brief Comment 

	1. Was there a clear statement of the research aim? 
	1. Was there a clear statement of the research aim? 
	Y 
	Aim to test association of e-cig use with chronic cough/phlegm. 

	2. Was the methodology appropriate to the aim? 
	2. Was the methodology appropriate to the aim? 
	Y 
	Large school survey appropriate. 

	3. Was the study design appropriate? 
	3. Was the study design appropriate? 
	Y 
	Cross-sectional design fits aim; no temporal inference. 

	4. Was the sample size adequate? 
	4. Was the sample size adequate? 
	Y 
	Very large sample (>45k). 

	5. Was the sampling/recruitment strategy described and appropriate? 
	5. Was the sampling/recruitment strategy described and appropriate? 
	Y 
	Random school selection; high representativeness. 

	6. Were exposure and outcome measures valid and reliable? 
	6. Were exposure and outcome measures valid and reliable? 
	Y 
	Standard symptom definitions (≥3 months) and exposure items. 

	7. Were ethical issues considered, and approvals stated? 
	7. Were ethical issues considered, and approvals stated? 
	Y 
	Ethics approvals and school permissions reported. 

	8. Was the data analysis appropriate (incl. control of confounders)? 
	8. Was the data analysis appropriate (incl. control of confounders)? 
	Y 
	Logistic regression; adjusted for smoking, SHS, demographics. 

	9. Were results clearly presented (estimates, CIs, tables)? 
	9. Were results clearly presented (estimates, CIs, tables)? 
	Y 
	Adjusted ORs with CIs reported (e.g., cough AOR ~2.06). 

	10. Were conclusions justified, acknowledging study limitations? 
	10. Were conclusions justified, acknowledging study limitations? 
	Y 
	Conclusions proportionate; limitations transparent. 


	Appendix 3 – Data Extraction Table 
	1. First 
	1. First 
	1. First 
	2. 
	3. 
	4. 
	5. Endpoint 
	6. Data 
	7. Key 
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	Table 1: Themes and Sub-Themes 
	Theme 
	Theme 
	Theme 
	Sub-Themes 
	Studies Where Identified 

	1. Chronic Respiratory 
	1. Chronic Respiratory 
	Persistent cough, wheeze, 
	Cherian et al. (2021); 

	manifestations of vaping. 
	manifestations of vaping. 
	phlegm, asthma exacerbation 
	Brose et al. (2024); Kurdyś-Bykowska et al. (2024); McConnell et al. (2017); Schweitzer et al. (2017); Wills et al. (2020); Kim et al. (2017); Wang et al. (2016) 

	2. Impact of vaping on 
	2. Impact of vaping on 
	Reduced lung capacity, 
	Stevens et al. (2022); 

	Pulmonary Function 
	Pulmonary Function 
	airflow obstruction, diminished FEV1 and FVC 
	Tackett et al. (2024); Cherian et al. (2021); McConnell et al. (2017) 

	3. Vaping and 
	3. Vaping and 
	Inflammation, surfactant 
	Martin et al. (2024, 

	Pathophysiological 
	Pathophysiological 
	disruption, airway 
	experimental); Kurdyś-

	Mechanisms 
	Mechanisms 
	remodelling, toxic chemical exposure 
	Bykowska et al. (2024); Tackett et al. (2024); McConnell et al. (2017) 

	4. Second-hand vapour exposure and respiratory outcomes 
	4. Second-hand vapour exposure and respiratory outcomes 
	Home-based exposure, asthma exacerbations, symptoms in non-users 
	Bayly et al. (2019); Alnajem et al. (2020); Islam et al. (2022 – supporting evidence) 

	5. Vaping Dose, Duration, and Respiratory Risk 
	5. Vaping Dose, Duration, and Respiratory Risk 
	Frequency, dual use, early initiation, cumulative exposure 
	Brose et al. (2024); Tackett et al. (2024); Stevens et al. (2022); Wang et al. (2016) 






