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The Public Health Consequences of E-cigarettes: Two Contradictory Perspectives

Introduction
The growing popularity of electronic cigarettes (e-cigarettes), referred to as vaping, among children and young adults has generated a significant public health debate (Tehrani et al., 2022). The term ‘vaping’ describes the use of an electronic (battery) device that generates heat and vaporises a liquid solution that usually contains nicotine (House of Commons Library, 2023). The vaping debate revolves around two contradictory arguments. On one side, disturbing media headlines of children vaping being hospitalised (Hughes and Watkinson, 2023; Fifield, 2023) and reports of adverse health outcomes of vaping (Banks et al., 2023; Fortier et al., 2022) endorse the belief that vaping is a significant public health risk. On the other side of the debate, advocates argue that vaping offers a safer alternative to conventional cigarettes and plays a crucial role in smoking cessation, ultimately improving public health (Department of Health and Social Care [hereafter DHSC], 2023; Royal College of Physicians [hereafter RCP], 2016). These contrasting opinions provide the basis for conducting a critical analysis of the impact of vaping on children and young adults in the context of public health. First, this essay explores the health risks associated with tobacco, the emergence of e-cigarettes, the prevalence of vaping, and the marketing strategies employed by the vaping industry. Second, this essay investigates the health risks of vaping and its efficacy as a smoking cessation method. Third, the ‘gateway theory’ is examined before finally presenting the regulatory challenges proposed by vaping.

However, before we begin, it is important to define public health. Although a multifaceted concept, public health generally promotes and protects the health and well-being of individuals and populations (Public Health Wales [hereafter PHW], 2023). In Wales, a key determinant of the Working Together for a Healthier Wales strategy is ‘Promoting Healthy Behaviours’ (PHW, 2023). This public health priority includes efforts to mitigate diseases, disabilities, and premature mortality from smoking and e-cigarettes through public health policy, improving public education programmes and implementing tobacco control measures (PHW, 2023). The terms ‘children’, ‘youths,’ ‘adolescents,’ ‘teenagers’ and ‘young adults’ are used interchangeably and refer to anyone aged 11 to 24.



Health Risks of Tobacco
The seminal studies by Doll and Hill in the 1950s marked the first large-scale epidemiological investigations to establish a link between smoking and increased lung cancer rates in adults (Doll and Hill, 1956). Subsequent research has confirmed that tobacco contains harmful substances (up to 7000) such as acetone, acetylene, DDT, lead, cyanide, and arsenic, and these elements cause adverse health outcomes (Al-Hamdani and Manly, 2021; Marques et al., 2021). Not only that, products, such as cigarettes, cigars and roll-your-own tobacco, are responsible for the annual loss of more than 8 million lives worldwide (World Health Organisation [hereafter WHO], 2023) and also comes at a substantial public health cost (17 billion pounds) due to higher sickness rates, benefit payments, and lost taxes (Cancer Research UK, 2023). Furthermore, tobacco has a significant environmental impact, including deforestation, carbon dioxide emissions (84 megatons), and constant cigarette littering, which adds to plastic pollution (United Nations Environmental Programme, 2022).

Over the decades, several tobacco control measures have been implemented to protect public health. These measures include global initiatives such as the World Health Organisation (WHO) Framework Convention on Tobacco Control (WHO, 2003) and national policies such as the Smoking Kills White Paper (Department of Health (DOH), 1998) and the Health Act 2006 (DOH, 2006). In addition, the National Institute of Health and Care Excellence Guidance [hereafter NICE] helps reduce tobacco initiation and assists in smoking cessation with the help of nicotine replacement therapy (NRT) (NICE, 2021). All these initiatives have significantly improved smoking rates in the UK, as shown in Figure 1 (Cancer Research UK, 2023).
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Figure 1: Timeline of the decrease in smoking rates due to several interventions.
Source: Cancer Research UK (2023). 

Potential Benefits of E-cigarettes
Historically, e-cigarettes can be traced back to the early 2000s, when Hon Lik, a Chinese chemist, created the first commercially successful battery-operated e-cigarette (Bhalerao et al., 2019). As a public health initiative to reduce tobacco harm, e-cigarettes were first introduced in the UK in 2007 (Public Health England, 2014). This was a significant breakthrough for smokers because e-cigarettes replicate the actions of cigarette smoking while avoiding the harmful health risks associated with tobacco (Marques et al., 2021; Leavens et al., 2022). Consequently, media coverage portrays vaping as a ‘less toxic’ or a ‘cleaner alternative’ compared to traditional smoking (Burton et al., 2023).

It is important to recognise that since the introduction of e-cigarettes, there has been an ever-expanding and rapid range of vaping devices (Zhu et al., 2014). The WHO defines these devices as ‘electronic nicotine delivery systems’ (ENDS) (WHO, 2022). ENDS operate similarly and can be divided into four categories: ciga-like devices, tank- or box-type devices, pod systems, and vape pens (Kotewar et al., 2023; Tattan-Birch et al., 2022). Figure 2 (A) shows an early and simple device, while Figure 2 (C) shows a more advanced tank/box device that allows users to change the voltage and nicotine levels (Choi et al., 2021).
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Figure 2. Different generations of electronic cigarettes (e-cigarettes). (A) First-generation e-cigarette, also called a “ciga-like.” (B) Second-generation e-cigarette. (C) Third-generation e-cigarette. (D) Fourth-generation e-cigarette.
Source: Choi et al. (2021), Electronic cigarettes and Alternative Methods of vaping

Pepper et al. (2019) evaluated which vaping device adolescents (n = 1508) aged 15-17 typically chose. The authors grouped the devices into ‘basic’ devices that are not refillable, ‘intermediate’ devices that are refillable but not adjustable or ‘advanced’ devices that are adjustable and refillable. They reported that 56.8% of the participants preferred more advanced devices than basic devices (14.5%) (Pepper et al., 2019). In contrast, young adults (11 – 14 years) in Scotland perceived tank models (advanced devices) as predominantly used by adults and suggested that children are increasingly using disposable vapes (Smith et al., 2023). Despite limitations, this small focus group study (n = 82) emphasises the rapid development of vaping products and the lack of adequate public health policies to regulate them. Therefore, public health policies must be developed to ensure that the health benefits of e-cigarettes do not lead to health consequences.

Prevalence of Vaping
According to the 2023 Action on Smoking and Health (ASH) report, the number of adolescents (aged 11 – 18) who regularly vape has increased from 0.3% in 2013 to 3.7% in 2023. Furthermore, adolescents who have tried vaping (once or twice) have increased from 3.1% to 11.6% in 2013 and 2023, respectively (ASH, 2023). Statistics from the Smoking Toolkit Study (2023) have also indicated that the use of e-cigarettes in adults (>16 years) has increased from 11.1% in 2021 to 15.5% in 2022. Interestingly, 16–24-year-old women have seen the most significant growth, from 1.9% (2021) to 6.7% (2022). This increase is noteworthy, given that this cohort of women is of childbearing age. Therefore, continued research in a rapidly changing environment is vital for developing public health policies that discourage children and young adults from vaping.

The prevalence of vaping is not the same in all countries. Chan et al. (2022) conducted a global study and observed that 8.6% (n = 140 937) of adolescents who reported vaping did so occasionally, compared to 1.7% of those who regularly vape. Chan used data from the Global Youth Tobacco Survey (GYTS), a project led by the World Health Organisation (WHO). The GYTS collects information on tobacco use among adolescents and is specifically aimed at students aged 13 to 15 years (Chan et al., 2022). However, although a large global study, the data excluded the UK, the US, and Canada, which have been shown to have high prevalence rates (Hammond et al., 2023).

Factors that could influence the prevalence of vaping in adolescents also require further study. Research reveals that risk behaviours (Davis et al., 2015; Becker and Rice, 2022), environmental factors (Han and Son, 2022), and family and peer influences (Murray et al., 2023; Lindpere et al., 2023) contribute to the public health complexity of vaping. For example, the ASH report found that 18% of ‘never smokers’ indicated they vape due to peer pressure: ‘Other people do it, so I join in.’ Furthermore, vaping was also shown to be a more economically viable option, but this was only for previous smokers (ASH, 2023). Purchasing a vape online costs approximately £5 and yields up to 600 inhalations, comparable to the nicotine consumption of 40 traditional cigarettes, which costs £29.14 (OK Vape, 2023; Office of National Statistics, 2023). Therefore, given the overwhelming evidence that the number of young people who vape has increased dramatically, urgent legislation is necessary to protect public health.

E-cigarettes Marketing Strategies
E-cigarette marketing strategies targeting young people remain a global concern (Dewhirst, 2023; Dyer, 2021). The WHO believes that the approaches taken by the industry are similar to those of tobacco companies years ago (WHO, 2019). These tactics include appealing flavours (Smith and Hilton, 2023), colourful packaging (Taylor et al., 2023), and sleek high-tech devices (Notley et al., 2022), which make vaping attractive and fashionable for young people.

The strategic use of social media platforms, influencers and celebrities to promote vaping is disconcerting (Sun et al., 2023). A cross-sectional and longitudinal study by Vassey et al. (2022) of 2,036 adolescents aged 15-17 provided valuable insight into the risk that vaping content poses. The study concluded that participants who frequently used TikTok (several times a day) and were exposed to vaping content were 2.16 times more likely to vape compared to those who never used TikTok (Vassey et al., 2022). This is concerning given that platforms such as TikTok often attract a substantial following of adolescents. Therefore, there is an urgent need for stronger public health policies and more stringent legislation to protect adolescents from marketing strategies that threaten public health.

Health Implications of Vaping
The potential of vaping as a less harmful alternative to smoking is complex and controversial (DHSC, 2022; Jonas, 2022). For example, an article in The New England Journal of Medicine by Werner et al. (2020) reported a direct link between vaping in the last 90 days, 60 deaths (median age 23 years), and 2558 hospital admissions from a respiratory condition labelled e-cigarette or vaping use-associated lung injury (EVALI). However, despite the increasing incidence of EVALI in the US, Hawkes (2019) published an article in the British Medical Journal supporting the continued use of e-cigarettes and e-liquids in the UK. The article claimed that e-liquids in the UK are safe, given their presence (additives) in food products, citing evidence from toxicology professor Alan Boobis (Hawkes, 2019). It would appear that this argument is contentious as it fails to distinguish between ingesting and inhaling additives and also goes against evidence-based public health policy (Craike et al., 2023).

The health risk of vaping for adolescents is further complicated due to the numerous chemicals in e-liquids (Gordon et al., 2022). Generally, e-liquids consist of unflavored components such as glycerol, nicotine, propylene glycol, water, ethanol, and triacetin (Benowitz et al., 2022) and up to 219 flavour additives (Krüsemann et al., 2021). Research by Leslie (2020), Shahandeh et al. (2021), and Tsai et al. (2020) concluded that a combination of additives can affect the cognitive development and cardiovascular systems of adolescents. Furthermore, given that Krüsemann’s research relied on lists of chemicals in e-liquids being provided by vaping manufacturers, it would be prudent to exercise a more cautious approach, as some e-liquids could include higher levels of toxins, such as cinnamaldehyde, which is currently being investigated as a potential risk to human health (Office of Health Improvement and Disparities, 2022).

Following the EVALI outbreak in 2019/20, the American Thoracic Society organised a meeting of multidisciplinary practitioners, public health officials and epidemiologists (Rebuli et al., 2023). Although a consensus was reached on the instances of EVALI from e-liquids containing vitamin E acetate (King et al., 2020) or tetrahydrocannabinol (THC), the hallucinogenic element of cannabis (Rebuli et al., 2023; O’Carroll et al., 2020), not all cases could be attributed to these ingredients, indicating an alternative source. Therefore, the evaluation of the evidence on the health risks of vaping suggests a more cautious approach to protect public health, especially for vulnerable groups such as children and young adults.

Vaping for Smoking Cessation
Research indicates that stopping smoking improves mortality and morbidity rates (DHSC, 2023). With this in mind, the potential of e-cigarettes to facilitate smoking cessation, especially when other methods have failed, has been promoted (Myers Smith et al., 2022). However, this is different globally. While the UK advocates for nicotine-containing e-cigarettes for adults to stop smoking (NICE, 2021), both the WHO (2022) and the US Food and Drug Administration (2020) believe that due to insufficient evidence, e-cigarettes cannot be endorsed as a smoking cessation method. 

Research evaluating vaping as a public health measure revealed a lack of high-quality evidence. A quantitative study of 156 former smokers aged 18 to 34 using e-cigarettes to quit smoking provides a positive view of vaping in terms of behavioural and sensory aspects (DiPazza et al., 2020). However, a limitation of this study is the small sample size, which does not represent the diverse range of smokers. In contrast, the Cochrane review conducted by Hartmann-Boyce et al. (2022) evaluated the efficacy of e-cigarettes as a smoking cessation tool in 12,804 participants. The review evaluated 29 randomised controlled trials (RCT) and concluded that, compared to traditional NRT, there is moderate confidence that e-cigarettes can help people quit smoking. However, it should be noted that of the 29 RCTs analysed, only five had a low risk of bias, and most participants are 18 and older (Hartmann-Boyce et al., 2021). This leaves children aged 12 to 18 to use other forms of NRT, along with behavioural support to quit smoking (NICE, 2021), effectively reducing the potential benefits of vaping for this age group.
 
Furthermore, the literature also revealed a potential risk of using e-cigarettes for smoking cessation. This risk is called dual-use, and this is when, instead of completely quitting smoking, some smokers continue to vape and smoke cigarettes (Lohner et al., 2023). This not only raises questions about the efficacy of vaping as a cessation tool but also exposes individuals to the potential harm of toxic substances from both tobacco and e-cigarettes. To summarise, the evidence examined implies that due to methodological flaws, conflicting opinions, and lack of consideration of the diverse demographic of smokers, it seems premature to determine that vaping is the answer to stopping smoking. Although the potential public health benefits for adults appear favourable, for adolescents, they are unclear, as high-quality evidence is absent in this age group.

Vaping as a Gateway to Smoking
The concept of vaping acting as a catalyst for smoking, a phenomenon called the ‘gateway theory’ (Khouja et al., 2021), is surrounded by equivocal findings and methodological limitations. The gateway hypothesis is based on previous studies conducted in the 1970s about substance abuse in adolescents, primarily the relationship between tobacco, cannabis and illegal drugs (García-Pérez et al., 2023). However, the hypothesis about vaping is questionable, as the argument centres on the notion that non-smokers or ‘nicotine naive’ adolescents become dependent on nicotine, leading to nicotine addiction and, consequently, smoking (Hughes et al., 2021). Although Besaratinia and Tommasi (2021) agree that adolescents are more susceptible to nicotine dependence and addiction if they have never smoked. Vanyukov challenges this concept, arguing that personal traits and addictive tendencies might predispose adolescents to smoke (Vanyukov et al., 2012), adding further complexity to the debate. 

Since 2015, JUUL products have been shown to have much higher nicotine concentrations (59 mg/ml) than earlier products (Hammond et al., 2023; O’Connor et al., 2019). This prompted the UK to implement strict limits on the nicotine content of e-cigarettes, imposing a maximum limit of 20 mg/ml or lower (Tobacco and Related Products Regulations, 2016). The difference in nicotine concentrations can also be attributed to nicotine salts (Leavens et al., 2021), which are considered less irritating and enhance the vaping experience (Hammond et al., 2023). Given this, another argument could also be that increased enjoyment may even discourage adolescents from resorting to smoking.

A literature search on ‘gateway theory’ revealed conflicting results. The longitudinal study by Martinelli et al. (2023) conducted in the Netherlands and Flanders used validated questionnaires, Youth Risk Behaviour Surveillance (YRBS) and Monitoring the Future Surveys (MTF) for a cohort of school children, mean age 13.62. The surveys were completed at baseline (n = 2839), 6 months (n = 1276), and 12 months (n = 1025) and concluded that vaping and smoking were positively correlated (Martinelli et al., 2023). However, the study experienced a significant decrease in participation rates, which may limit the general strength and reliability of the findings. Indeed, methodological concerns proposed by Chan et al. (2021) suggest that selection bias and the lack of adjustment for confounding variables in observational studies and RCTs reduce the validity of some studies. 

Consequently, Beard et al. (2022) analysed population trend data from the Smoking Toolkit Study to investigate the correlation between vaping rates among young adults aged 16 to 24 (n = 37,105) and the corresponding changes in smoking initiation rates from 2007 to 2018. Unlike Martinelli’s findings, Beard did not find a significant correlation between vaping frequency and the incidence of smoking (Beard et al., 2022). To summarise, the current body of evidence is insufficient to establish that vaping precipitates smoking in adolescents. However, if a causal link is found, this raises a significant public health issue, as it could reverse the progress made in reducing smoking rates in the UK (Cancer Research UK, 2023). Therefore, it is vital to implement comprehensive public health education programmes and intervention strategies that investigate the multiple factors that influence adolescent behaviour and educate adolescents about the dangers of vaping and the associated risks of smoking.

Regulatory Challenges
As discussed above, the dual nature of vaping as both a smoking cessation tool and a potential gateway to smoking is contentious but also presents some regulatory challenges. A literature search on legal and regulatory factors between countries revealed dramatic variability (Fix et al., 2023; Sindelar, 2020). Indeed, previous measures, such as age limits, taxation, and flavour restrictions, have been shown to reduce adolescent prevalence rates (Reiter et al., 2023). However, these are not always effective. For example, in the UK, it is illegal to sell vapes to anyone under 18 years of age, but this has not stopped the significant rise in disposable vape prevalence among teenagers. In fact, in just two years, the prevalence of single-use vapes has increased from 7.7% to 69% in this age group (ASH, 2023). 

The recent commitment by the government to ban disposable vapes could be perceived as a reactive measure but instead only highlights a lack of foresight that may have prevented the significant public health issue seen today (Triggle, 2023). The analysis of ‘youth vaping’ and the open consultation on ‘Creating a smoke-free generation’ (DHSC, 2023a; 2023b) promises to inform new public health policies, but only time will tell if these strategies protect public health.

In conclusion, the public health consequences of vaping for children and adolescents are diverse and complex. The potential benefits of vaping compared to smoking tobacco, and in the context of cessation of smoking, may be valuable. However, it is important to note that these benefits are limited primarily to adult smokers. At the same time, the available evidence supports the notion that the consequences associated with vaping among children and young adults are substantial. Adolescents are not only susceptible to the health risks associated with vaping but are also exposed to the potential threat of nicotine addiction, which may later lead to the initiation of smoking. The lack of high-quality research and the multitude of contradictory findings advocate the need for a more cautious approach until more evidence is available. The degree to which growing public health concerns about vaping parallel those of tobacco is uncertain and will only be determined over time. Therefore, ongoing scientific research, diligent policy surveillance and evaluation, as well as effective public health campaigns are vital to protect children and young adults from the appeal and harms of vaping.
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