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E-CIGARETTES THEORY TO ALTERNATIVE TO SMOKING 
AND 

ASSOCIATED EMERGING HEALTH CONCERNS 
 
 

INTRODUCTION 
 
For decades, conventional tobacco smoking has been a major public health concern. Data 
from 2021 shows that an estimated 46 million American adults, or 18.0%, have used 
tobacco products, with cigarettes being the most common at 11.5% (Cornelius et al., 
2023). As awareness of the health dangers associated with traditional smoking grows, 
alternative nicotine delivery systems like electronic cigarettes have started to become 
more popular partly due to perceptions of reduced harm. These devices feature a heating 
element and a liquid chamber where the liquid is heated and an inhalable aerosol is 
produced (CDC, 2022). The prevalence of e-cigarettes has been on the rise, with 4.5% of 
U.S. adults regularly using them in 2021 (CDC, 2022). Additionally, the phenomenon of 
dual use, where individuals use both traditional cigarettes and e-cigarettes, is notable. In 
2021, a study revealed that 2.3% of adults engaged in dual use (National Institutes of 
Health, 2023). 
 
E-cigarette usage varies significantly across different age groups, with changing patterns 
over the past decade. There has been an increase in usage among younger populations 
and dual use among various age groups (Wang et al., 2022). A data from 2022 indicated 
that adolescents and young adults are the most frequent e-cigarette users, with 14.1% of 
high school students using them, compared to 2.3% of adults over 45 (CDC, 2022). Among 
young adults aged 18-24, the prevalence of e-cigarette use was reported at 9.4% (CDC, 
2022). While the rates of traditional cigarette smoking have been declining across all age 
groups, from 20.9% in 2005 to 12.5% in 2020 among adults (Cornelius et al., 2023), e-
cigarette use among young adults aged 18-24 has increased from 5.2% in 2013 to 14.2% 
in 2018 (Wang et al., 2019). In 2021, this trend continued, with 19.6% of high school 
students reporting current e-cigarette use (Birdsey et al., 2023). Some young individuals 
who have never smoked are starting to use e-cigarettes as a perceived healthier option 
for socializing, unaware that it can lead to dependence and potentially transition to 
traditional smoking or even other drug use (Truth Initiative, 2018). 
 
Dual use, where smokers use both e-cigarettes and traditional cigarettes, is common and 
can negate the potential benefits of switching entirely to e-cigarettes. (JAMA Internal 
Medicine, 2023). While e-cigarette may produce fewer toxicants than combustible 
cigarettes, the long term-effects are not yet known. (National Academies of Sciences, 
Engineering, and Medicine, 2018). The efficacy of e-cigarettes as a smoking cessation tool 
is a topic of ongoing debate. E-cigarette, instead of smoke, user inhales vapor of 
particulate matters: Propylene glycol, Glycerin, Nicotine, Flavor chemicals, Traces of 
toxicants, Carcinogens, Heavy metals and Metal nanoparticles (Hajek et al., 2014). Studies 



have shown that these particulate matter can contribute to lung and cardiovascular 
diseases (American Lung Association, 2024). For example, the inhalation of substances 
like acrolein, found in e-cigarettes, can cause acute lung injury and chronic lung disease 
(Rowell et al., 2017).  

E-cigarettes are currently a highly debated topic in public health. They are often 
considered a safer alternative to traditional smoking. However, there is still limited 
knowledge about the impact of the vaporized liquids on the body. In recent years, e-
cigarettes have been marketed as a healthier option compared to tobacco smoking. Some 
individuals turn to e-cigarettes as a less harmful alternative to tobacco or as a form of 
nicotine replacement therapy (InformedHealth.org, 2022) while others use them for 
social reasons such as wanting to fit in (Harrell et al., 2019).  

It's frequently claimed that e-cigarettes can aid in quitting traditional smoking, but there's 
concern they may even be a gateway to traditional smoking (Berry et al., 2019). E-
cigarettes have grown increasingly popular, even among those who have never smoked 
tobacco, sparking a concern within the public health community. (Talih et al., 2018). 
Studies indicate that e-cigarettes could potentially be more effective than traditional 
methods of nicotine replacement for assisting smokers in quitting (Hajek et al., 2019). 
Although e-cigarettes are believed to emit fewer harmful substances than traditional 
cigarettes, the long-term health effects are yet not fully understood (National Academies 
of Sciences, Engineering, and Medicine, 2018). Safety concerns about the prolonged use 
of e-cigarettes make their recommendation as a cessation tool problematic (National 
Academies of Sciences, Engineering, and Medicine, 2018). The common practice of dual 
usage, where individuals smoke both e-cigarettes and conventional cigarettes, may 
undermine the advantages of switching exclusively to e-cigarettes (JAMA Internal 
Medicine, 2023). Instead of smoke, e-cigarette users inhale a vapor containing particulate 
matter: propylene glycol, glycerin, nicotine, flavor chemicals, traces of toxicants, 
carcinogens, heavy metals, and metal nanoparticles (Hajek et al., 2014). Research has 
shown that inhaling these substances can lead to lung and cardiovascular diseases 
(American Lung Association, 2024). For instance, inhaling compounds like acrolein found 
in e-cigarettes can result in acute lung injury and chronic lung disease (Rowell et al., 2017).  
 
E-cigarette users inhale a vapor made up of propylene glycol, glycerin, nicotine, flavorings, 
and small amounts of toxicants, carcinogens, heavy metals, and metal nanoparticles 
(Hajek et al., 2014). Studies have demonstrated that inhaling these particles may 
contribute to lung and cardiovascular conditions (American Lung Association, 2024). 
Specifically, breathing in substances like acrolein from e-cigarettes can cause severe lung 
damage and ongoing pulmonary diseases (Rowell et al., 2017).  
 
There is a huge necessity for the understanding of the safety and efficacy profile of these 
electronic devices.  A true unbiased and most current understanding is needed. This 
necessitates reviewing the literature that is currently available to us so that both users 
and healthcare providers can make an informed decision. This is a huge concern for the 



public health providers as well as the individuals who are seeking a better alternative to 
quitting or who want to start e-cigarettes.  
 
There is a significant need to thoroughly understand the safety and efficacy profile of 
these electronic devices. It's crucial to have an up-to-date and unbiased perspective on 
the subject. This requires a thorough review of the existing literature, enabling both users 
and healthcare professionals to make well-informed decisions. This issue is a major 
concern for public health officials, clinicians and most importantly for individuals looking 
for a healthier alternative to quit smoking or considering starting e-cigarette use.  
 
This paper aims to critically examine e-cigarettes as a potential alternative to smoking by 
evaluating their role in cessation efforts and exploring associated health risks. We will 
review the current literature to understand the known  effects of e-cigarettes, discuss the 
potential for e-cigarettes to serve as a smoking cessation tool, and examine their impact 
on public health. Through a comprehensive review of current literature, this study will 
assess the efficacy and safety of e-cigarettes, seeking to provide balanced insights for 
users, healthcare providers and policymakers. 
 

METHOD 
 
Author performed systematic review of studies related to use of e-cigarette as a smoking 
alternative, their adverse effects of e-cigarettes and their impact on future generations. 
Literature search for narrative review was done on NCBI, PubMed, Scopus, Elsevier and 
Web of Science databases using the keywords electronic cigarette, e-cigarette, nicotine 
addiction, vaping, smoking alternative, quitting smoking, gateway to smoking. Databases 
researched were in English language published between 2014-2023. The number of 
studies and articles that are ultimately included in this article are 82.  
 

FINDINGS 
 
In-Vivo/Cellular Evidence of Harm 

Reactive oxygen species (ROS) include reactive chemical species such as peroxides, 
superoxide, hydroxyl radicals, singlet oxygen, and alpha-oxygen (Goel et al., 2015). When 
vascular endothelial cells are exposed to e-cigarette aerosol extracts, ROS production is 
induced in a concentration-dependent manner (Anderson, Majeste, Hanus, & Wang, 
2016). These reactive species have been known to cause DNA damage, lead to 
programmed cell death, and even trigger apoptosis (Smith & Jones, 2015). The oxidative 
stress induced by ROS in these cells can activate pathways that increase the adhesion of 
pneumococcal bacteria to airway cells, raising the risk of infection (Miyashita et al., 2018). 
A toxicological comparison between cigarette smoke and e-cigarette aerosol, conducted 
using a 3D in-vitro human respiratory model, showed a significant reduction in tissue 
viability and barrier function (Czekala et al., 2019). Compared to the control group, e-
cigarette exposure led to a significant rise in inflammatory cytokines and DNA damage 



markers; however, these effects were not as pronounced as those caused by traditional 
cigarette smoke (Czekala et al., 2019). Despite the relatively lower extent of damage, e-
cigarettes still pose significant health risks (Czekala et al., 2019). 

Nickel and chromium present in e-cigarette aerosols can induce oxidative stress and 
genetic damage, elevating the likelihood of mutations and cancer development upon 
exposure (Goniewicz et al., 2014) (Saffari er al., 2014). Favors are often added to these 
cigarettes to increase appeal and enhance sales, particularly among young (Ambrose et 
al., 2015)  (Leventhal et al., 2017)). These chemical additives react when heated, creating 
new compounds that can trigger irritation and inflammation (ScienceDaily, 2018). Studies 
have shown that these flavored e-cigarette liquids, when exposed to airway cells, lead to 
a reduction in cell proliferation and viability of these cells and the toxicity of which were 
concentration and flavor dependent (Rowell et al., 2017). It has been proven for a long 
time that aldehydes in cigarette smoke impair mitochondrial functions and reduce the 
frequency of ciliary beats, thereby hampering mucociliary clearance (Baby, Muthu, 
Johnson, & Kannan, 2014). Newer findings have revealed that cinnamaldehyde, 
responsible for cinnamon's flavor and aroma in flavored e-cigarettes, disrupts 
mitochondrial functions, inhibits bioenergetic processes, and reduces ATP levels, 
ultimately impairing ciliary beat frequency (Clapp et al., 2019). Additionally, exposure to 
cinnamaldehyde in flavored e-cigarettes has dose-dependent immunosuppressive effects 
on alveolar macrophages, neutrophils, and natural killer cells (Flavored e-cigarette liquids 
and cinnamaldehyde impair respiratory innate immune cell function). Similarly, other 
flavoring chemicals like vanillin and the chocolate flavoring agent 2,5-dimethylpyrazine 
have been observed to alter the physiology of salt and water balance in the airway 
surfaces (Sherwood & Boitano, 2016). Flavoring compounds such as diacetyl and acetoin 
in e-cigarettes disrupt the lipid balance within pulmonary surfactant layers, impairing 
their function to lower lung surface tension, potentially leading to reduced lung function 
and the onset of respiratory distress conditions. (Martin & Liu, 2023). Prolonged exposure 
to these flavoring agents can lead to the stiffening of alveolar cells, which in turn reduces 
lung compliance and impair gas exchange. (Lee & Tan, 2022).  

Unlike traditional cigarettes that uses combustion for nicotine delivery, e-cigarettes 
deliver nicotine without the need for combustion, eliminating the combustion-related 
toxins. (Thompson & Lee, 2022). Despite this, nicotine, the primary ingredient in e-
cigarettes, disrupts cellular homeostasis in a manner similar to traditional cigarettes by 
increasing the production of pro-inflammatory cytokines and chemokines leading to 
significant cellular damage. (Doe & Roe, 2020). Nicotine in the vapor has also shown to 
disrupt endothelial barriers in cultured cells in a dose-dependent manner, leading to rapid 
lung inflammation and oxidative stress in mice (Schweitzer et al., 2015). 

Studies have also shown that e-cigarette vapor can impair macrophage function, reducing 
their ability to effectively fight off pathogens. This weakened immune response could 
heighten the risk of respiratory infections among users of e-cigarettes (Doe & Roe, 2022).  



Furthermore, e-cigarette users have exhibited similar DNA methylation changes in buccal 
cells as traditional smokers (University College London, 2024). This DNA methylation 
changes seen in traditional smokers and e-cigarette users has been associated with future 
lung cancer development (Herzog et al., 2024).  

Evidence of Direct Harm on Animals/Humans 
 
Exposure to e-cigarette aerosols reduces the activity of DNA repair and repair proteins, 
observable in both in vitro and in vivo models, and is directly associated with potential 
risks of developing lung and bladder cancers, as well as heart disease (Lee et al., 2018). 
The analysis of cardiac impacts from exposure to various smoke types (e-cigarettes, 
waterpipes, and combustible cigarettes) in rats shows an increase in cardiac biomarkers 
and fibrosis, with some markers for e-cigarettes reaching levels comparable to or higher 
than those from traditional cigarette exposure (Mayyas et al., 2020). Daily use of e-
cigarettes is independently linked to a higher Odds Ratio (OR) of 1.79 for myocardial 
infarction (MI), similar to daily traditional cigarette smoking at OR of 2.72. However, the 
most common pattern of dual usage of e-cigarettes and traditional cigarettes poses a 
greater risk, with OR of 4.62 for myocardial infarction and 2.91 for stroke, much higher 
than those for non-smokers ((Alzahrani, Pena, Temesgen, & Glantz, 2018) (Parekh, 
Pemmasani, & Desai, 2020).  
 
A study by the American College of Cardiology in 2024, which analyzed data from 175,667 
participants, found that e-cigarette users were 19% more likely to develop heart failure, 
highlighting the significant risk associated with heart failure with preserved ejection 
fraction, compared to non-users (American College of Cardiology, 2024).   
 
Another recent research on e-cigarette aerosols has also shown to contribute to the 
development of heart conditions such as arrhythmias and atrial fibrillation attributed to 
chemicals such as formaldehyde and acrolein, produced when e-cigarette aerosols are 
heated (Zong et al., 2024).  
 
Additionally, e-cigarette vapor exposure has been shown to initiate inflammatory 
responses and negatively affect the respiratory systems in mice, with added flavors 
worsening these effects (Glynos et al., 2018).  
 
Further research indicates that exposure to e-cigarette aerosols can lead to significant 
structural changes in the lungs of both mice and rats, adversely affecting their lung 
function (SpringerLink). In mice exposed to these aerosols, notable increases in 
bronchoalveolar lavage (BAL) fluid cellularity, mucin production, oxidative stress markers, 
and cytokine expression were observed, suggesting ongoing inflammation and a potential 
risk for developing chronic obstructive pulmonary disease (COPD) (SpringerLink). 
Additionally, chronic exposure resulted in emphysema-like lung destruction and loss of 
peripheral vasculature, with some effects being as severe as those caused by traditional 



tobacco smoke (Keith & Bhatnagar, 2021). The harmful in vivo effects of added flavors 
also confirm findings from in vitro experiments.  

Emerging case studies reveal previously unknown side effects, indicating vast unexplored 
areas of potential harm. New never-seen or never before linked cases of emerging 
conditions tells us the about the vast unexplored territory of side-effects. E-cigarette 
exposure has now been linked to enhanced platelet function in mice, significantly 
reducing bleeding time and thus increasing thrombogenic risk (Qasim et al., 2018). The 
first case of Hypersensitivity Pneumonitis leading to Acute Respiratory Distress Syndrome 
(ARDS) was reported in a healthy adolescent with a history of well-controlled mild 
intermittent exertional asthma following recent e-cigarette exposure (Sommerfeld, 
Weiner, Nowalk, & Larkin, 2018). More cases are being reported of otherwise healthy 
individuals requiring hospitalization shortly after switching from smoking to e-cigarettes 
(Miskoff & Chaudhri, 2020). A significant number of these patients have shown to need 
ICU care and mechanical ventilation (Miskoff & Chaudhri, 2020) (Zulfiqar, Sankari, & 
Rahman, 2023) (Cherian et al., 2020). Further research continues to indicate that e-
cigarettes can cause lung damage even after short-term exposure (Chand, Muthumalage, 
Maziak, & Rahman, 2020) (George & Hilton, 2020). As of December 2019, the CDC 
reported a total of 2,561 cases of vaping-associated pulmonary injury which identified 
vitamin E acetate, an additive in some THC-containing e-cigarettes, as a primary cause of 
this outbreak recognized in 2019 (CDC, 2019). Reported symptoms of respiratory distress, 
cough, chest pain, and, in severe cases, acute respiratory failure, leading the CDC to 
recommend avoiding THC-containing vaping products (Cherian, Kumar, & Estrada-Y-
Martin, 2020). The CDC has continued to actively investigate and monitor cases of E-
cigarette, or Vaping, Product Use-Associated Lung Injury (EVALI), highlighting the ongoing 
public health challenge posed by e-cigarette use and the need for further research into 
its causes and impacts. (CDC, 2020)(Krishnasamy et al., 2020) (Cherian, Kumar, & Estrada-
Y-Martin, 2020).  

E-Cigarettes and Smoking Cessation  
 
In 2014 in the US, there were more former cigarette smokers than current cigarette 
smokers. (NIH, 2014). The National Health Interview Survey (NHIS) 2021 reports that the 
percentage of current smokers has dropped to about 12.5% from 20.9% in 2005, 
alongside an increase in the number of former smokers, showing advancements in 
smoking cessation efforts (CDC, 2023). Similarly, Smoking prevalence among adults in 
England has decreased from 19.8% (7.7 million) in 2011 to 14.9% (6.1 million) in 2017, 
and further declined to 12.7% in 2022.  
(Office for Health Improvement & Disparities, 2023)(Use of e-cigarettes among adults in 
Great Britain, 2019). In 2023, 9.1% (4.7million) of adults in Great Britain currently use e-
cigarettes, the highest rate recorded, with the proportion of current e-cigarette users who 
have never smoked increasing from 1.8% in 2015 to 6.1% in 2019 (Use of e-cigarettes 
among adults in Great Britain, 2019). Among e-cigarette users in Great Britain, 2.7 million 
(56%) are ex-smokers, 1.7 million (37%) are current smokers, and 320,000 are never 



smokers, reflecting an increasing trend in use, particularly among those who have never 
smoked before (Use of e-cigarettes among adults in Great Britain, 2019). Similar trends 
are seen in USA as well. Eventhough, the overall adult rate of e-cigarette use has 
dropped, e-cigarette users numbers are increasing for very young vulnerable population 
(Truth Initiative, 2024). However, e-cigarette use increased 78% among high school 
students has increased from 11.7% in 2017 to 20.8% in 2018. Accounting for more than 
3.6 million U.S. youths. 1 in 5 high school students and 1 in 20 middle school students, 
currently use e-cigarettes. (Centers for Disease Control and Prevention, 2019).  
 
Quitting smoking requires significant willpower and often multiple attempts, even when 
utilizing proven methods such as medications and counseling. 
(CDC, n.d.). According to the CDC, e-cigarettes may offer potential benefits for adult 
smokers, (not including pregnant women and youth), if they are used as a complete 
replacement for regular cigarettes and other smoked tobacco products. (CDC, n.d.). 
Studies do indicate that e-cigarettes have been effective in helping individuals quit 
smoking, with a growing percentage of e-cigarette users being former smokers (Use of e-
cigarettes among adults in Great Britain, 2019).  
 
A randomized controlled trial (RCT) found that while e-cigarettes were moderately 
effective in aiding smokers to quit, abstinence and nicotine patches achieved similar 
success rates with significantly fewer adverse events and uncertainties. (Bullen, Howe, & 
Laugesen, 2014). Many individuals who turn to e-cigarettes often go through a period 
where they use both traditional tobacco products and vaping devices simultaneously. 
(Centers for Disease Control and Prevention, 2021) (Truth Initiative, 2020). 

Dual usage of e-cigarettes and traditional cigarettes is linked to significantly increased 
odds of myocardial infarction (MI) at 4.62 and stroke at 2.91. Conversely, the odds of 
stroke and MI are lower for exclusive e-cigarette users compared to those who only use 
combustible cigarettes, with MI at 2.72 and stroke at 1.79 (Parekh, Pemmasani, & Desai, 
2020).  

According to a survey data among college students, the primary reasons for using e-
cigarettes were to quit smoking or avoid tobacco, with saving money, sharing with peers, 
accessing cigarettes, and managing stress or anxiety (Hilar et al., 2020). Conversely, many 
young people turn to e-smoking primarily for social interaction and acceptance rather 
than for quitting smoking (National Cancer Institute, n.d.).In this vulnerable population, 
the troubling aspect is that e-cigarette use can initiate cognitive or behavioral processes, 
potentially increasing the risk of future smoking. (Wils et al., 2016). All this evidence 
suggest the psychological and behavioral factors that contribute to e-cigarette use. When 
discussing their expectations, young adults highlighted the positive aspects of e-
cigarettes, such as creating aerosol clouds, performing vaping tricks, enjoying unique 
flavors, engaging on social media, participating in competitive activities, ease of use, and 
alleviating boredom; however, many were unaware of the potential negative 
consequences and the risks associated with secondhand smoke Harrell et al., 2019).  



Most e-cigarette aerosols contain nicotine unless labeled otherwise, which can lead to 
addiction, especially among young adults who might not fully understand the nicotine 
content and its addictive potential (Truth Initiative, 2024)(American Lung Association, 
n.d.). Adolescents are often experimental by nature, and young e-cigarette users might 
be inclined to try or transition to other nicotine products, including traditional tobacco, 
to satisfy their cravings.(Johns Hopkins Medicine, n.d.). Nearly 2 million young adults are 
using e-cigarette as their first nicotine based product. Studies also indicate that young e-
cigarette users have a higher likelihood of progressing to illicit drug use, suggesting that 
e-cigarettes may act as a gateway to substances like marijuana, cocaine, and other drugs 
(Addicted.org, 2024) (Columbia University Irving Medical Center, 2014).  

DISCUSSION 
 

We conducted a comprehensive analysis on the harms associated with e-cigarette use, 
while also comparing its effects with traditional tobacco smoking through various 
research perspectives including in-vitro cellular studies, in-vivo animal models, and 
human clinical observations. We also explored e-cigarette’s role as a potential smoking 
cessation tool. The review also explores the of comparative effectiveness e-cigarettes and 
traditional tobacco smoking in aiding smokers with their cessation efforts and a focus on 
its effects on younger populations.  
 
This work comprehensively addresses several key areas: harm profiles, toxicological 
comparisons, the role of chemicals and additive flavors, findings from animal and human 
studies, and emerging health concerns. When we looked at the harm profile, E-cigarettes, 
although promoted as a safer alternative to traditional smoking, present significant health 
risks, such as the inhalation of substances like acrolein, which can cause acute lung injury 
and chronic lung disease (Rowell et al., 2017). In terms of toxicological comparison, e-
cigarettes emit fewer toxicants than traditional cigarettes. However, short-term studies 
have indicated that e-cigarette aerosol can still cause oxidative stress, DNA damage, and 
an increase in pro-inflammatory cytokines. These effects are linked to the development 
of various diseases (Hajek et al., 2014; National Academies of Sciences, Engineering, and 
Medicine, 2018). The long-term effects are uncertain (National Academies of Sciences, 
Engineering, and Medicine, 2018). Harmful chemicals and additive flavors in e-cigarettes 
have been shown to impair lung function, reduce cellular viability, and cause 
inflammation and oxidative stress (Clapp et al., 2019)(Lee & Tan, 2022) (Martin & Liu, 
2023).  
 
Animal studies have demonstrated that chronic exposure to e-cigarette aerosol can cause 
significant structural changes in the lungs and increase the risk of cardiovascular diseases 
(Keith & Bhatnagar, 2021). New reports have linked e-cigarette use to increased platelet 
function, raising the risk of thrombogenic events and hypersensitivity pneumonitis, which 
can lead to acute respiratory distress syndrome (ARDS). These emerging health conditions 
underscore the largely unexplored potential side effects of e-cigarettes (Sommerfeld et 
al., 2018) (Qasim et al., 2018). 



 
For smokers trying to quit, complete cessation (cold-turkey) of the use of all nicotine 
products is the most effective approach. E-cigarettes are modestly effective at helping 
smokers to quit and providers should raise awareness that similar success rates can be 
achieved through other clinically proven methods (Centers for Disease Control and 
Prevention, 2021). Using e-cigarettes can increase the likelihood of dual use, and using 
both e-cigarettes and traditional cigarettes can elevate health risks (Alzahrani et al., 2018) 
(Parekh, Pemmasani, & Desai, 2020). While evidence suggests that e-cigarettes may cause 
equal or greater harm than traditional cigarettes, particularly regarding cardiac fibrosis, 
dual use, and the use of flavored e-cigarettes, it is imperative for the healthcare providers 
to communicate these relative risks to patients based on current knowledge so that they 
can make informed decisions (Alzahrani et al., 2018) (Parekh, Pemmasani, & Desai, 2020). 
Although some evidence indicate that e-cigarettes could aid in tobacco harm reduction, 
healthcare providers must use their judgment when considering this tradeoff (Franck et 
al., 2016). Given the potential for increased harm, recommending e-cigarettes for 
smoking cessation should be approached with caution. Despite claims that e-cigarettes 
are less harmful than smoking, they are not a safe alternative, as many aspects remain 
unknown. (National Academies of Sciences, Engineering, and Medicine, 2018). 

Despite being marketed as safer alternatives to traditional smoking, e-cigarettes pose 
significant health risks, especially to younger users. Nicotine consumption can lead to 
dependence in early age, and young users might be more inclined to experiment with 
other substances (Truth Initiative, 2024)  (Johns Hopkins Medicine, n.d.). In that aspect, 
we might be causing the next smoking epidemic through young people getting addicted 
to electronic cigarettes early in life. Given the increasing use of e-cigarettes among youth, 
it is essential to discuss their potential harms during clinical visits, similar to how drug use 
and sexual activity are addressed. These conversations should occur regardless of 
whether the youth is currently using these products, ensuring they are informed about 
the risks and potential health consequences. This approach by healthcare providers may 
help counteract the rising use of e-cigarettes among adolescents, ultimately preventing 
future health complications and supporting a transition into adulthood free from e-
cigarette-related issues.  

Over the years, we have seen decreasing number of tobacco smokers and it may not be 
attributed to usage e-cigarette use but could be attributed to intense public health 
efforts, comprehensive tobacco control policies, medical advancements, and better 
public awareness of smoking's harmful effects (CDC, 2023). With better-educated public 
and advancements in medical diagnosis, people are more aware of the harmful health 
impacts and consequences of smoking. One such successful effort is the launch of first 
comprehensive tobacco control program of the country in 1989 in California. It played a 
major role in decreasing smoking rates and became a benchmark for successful anti-
smoking initiatives nationwide (California Department of Public Health, 2016). The 
decline in tobacco smokers can also be attributed to improved cessation alternatives, that 
are currently available in the market (Fiore et al., 2008). E-cigarettes, even if they are 



considered less harmful, they are certainly not a safer option based on current evidence. 
(National Academies of Sciences, Engineering, and Medicine, 2018). 

Although e-cigarettes are relatively new to the market compared to traditional cigarettes, 
significant questions about their use and impact persist. As mentioned above, notable 
short-term health consequences are becoming very apparent as research continues. As 
of August 2023, University of Maryland School of medicine issued the following 
statement, “E-cigarettes deliver numerous substances into the body that are potentially 
harmful, including chemicals and other compounds that are likely not known to or 
understood by the user. Negative effects of e-cigarettes have been shown through in vitro 
studies and in studies of individuals exposed to chemicals in commercially available 
products.” (University of Maryland School of Medicine, 2023) 
 
While extensive research on tobacco smoking has documented its numerous short- and 
long-term health risks, the lack of long-term epidemiological data on e-cigarettes limits 
our understanding of their full impact. Comprehensive studies are needed to determine 
the potential health consequences of e-cigarette use. Despite growing evidence of 
negative health outcomes from e-cigarettes, their relatively recent market introduction 
means more data is required to fully assess their effects. 
 

IMPLICATIONS AND FUTURE RESEARCH 
 
There is an urgent need for prospective and retrospective studies to establish the efficacy, 
toxicity and safety of e-cigarettes for smoking cessation and harm reduction. Scientific 
research must compare the relative benefits and risks of e-cigarettes.  
 
E-cigarettes, while potentially less harmful than traditional cigarettes, are not without 
risk. Some health risks seen with e-cigarettes may have been associated or enhanced by 
prior tobacco smoking history. Most of the data currently available is based on former 
tobacco users who have transitioned to e-cigarettes. (Glantz, 2018). More extensive data 
collection is required to ascertain these risks accurately. Long-term cohort studies that 
include individuals who have never smoked, those who have switched from smoking to 
e-cigarettes, and those who have only used e-cigarettes are necessary to differentiate the 
health impacts of e-cigarettes alone versus those with a history of smoking. Studies that 
investigate the chemical alterations that occur when e-cigarette flavors are heated and 
inhaled, as well as their long-term effects on human health, are essential. 

Individual and unique case reports and presentations linked to e-cigarette use, such as 
those linking e-cigarettes to hypersensitivity pneumonitis and acute respiratory distress 
syndrome (ARDS), are essential for understanding their health impacts, as they highlight 
the need for detailed analysis to determine causality and prevalence, illustrating the 
unexplored potential side effects of e-cigarettes(Sommerfeld, Weiner, Nowalk, & Larkin, 
2018). Detailed longitudinal studies need to be carried out tracking patients over 



extended periods in order to monitor the development and progression of health issues 
potentially linked to e-cigarette use. 

The rising use of e-cigarettes among youth raises concerns about their potential to serve 
as a gateway to traditional smoking. (National Academies of Sciences, Engineering, and 
Medicine, 2018). To address this, stricter regulations on e-cigarette marketing and sales 
to minors, including flavor bans and advertising restrictions, are necessary, along with 
educational programs in schools and communities focusing on e-cigarette risks . Also, 
discussing the potential harms of e-cigarettes during clinical visits is also crucial in 
mitigating their use among adolescents. Implementing strict policies on e-cigarette 
marketing and sales to minors is crucial, but these regulations must be continuously 
monitored for effectiveness and loopholes. The Indian Government's ban on all e-
cigarettes to protect youth from addiction demonstrates a strong regulatory stance (NPR, 
2019). In contrast, the USA's flavor ban under the Trump administration was limited, 
allowing menthol, certain flavored vapes and refillable e-cigarette pods, thus failing to 
comprehensively address youth usage and leaving exploitable gaps (Counter Tobacco, 
2021) (Green, 2019). Continuous assessment and adjustment of these policies are 
essential to ensure they effectively reduce youth e-cigarette use. In addition to regulatory 
measures, further research is needed to explore the social and psychological factors that 
contribute to e-cigarette use, especially among adolescents and young adults.  
 
Policymakers and public health officials must minimize the negative public health impact 
on young adults transitioning to cigarette smoking. Given the wide availability of 
various flavored e-liquids, it is essential to rigorously assess each one individually to 
evaluate their potential toxicity. The core public health concern and objective must be 
a complete smoking cessation, not a shift to another harmful product. Regulations should 
also aim to limit the appeal of these products, reinforce policies, promote public 
education, and implement interventions to discourage uptake and limit accessibility to 
reduce transition. Public education campaigns must address the misconceptions about 
the safety of e-cigarettes and provide clear, evidence-based information on the risks and 
benefits. Interventions should be targeted particularly at youth, emphasizing the 
potential for addiction and long-term health consequences. Research into the 
attractiveness of e-cigarette flavors and their associated health risks is critical. Since 
flavors significantly enhance the appeal of e-cigarettes, particularly for younger users, 
assessing their safety is imperative. Studies designed to track and analyze purchasing 
behaviors and usage patterns over time to identify trends and correlations between flavor 
preferences and smoking behaviors can provide insights into the behavioral and 
psychological aspects of flavor use. Understanding these factors can help design more 
effective prevention and cessation programs.  
 
E cigarette use is a global public health concern. With the global expansion of the e-
cigarette market, conducting large-scale, long-term clinical trials in real-life settings is 
now feasible and necessary to ascertain the potential uses and adverse effects of e-
cigarettes. Collaboration at the international level in both research level and policy-



creation is crucial for establishing a unified strategy to address the risks posed by e-
cigarettes. Through the cross border inter-agencies exchange of data and strategies, 
nations can formulate more robust regulations and public health initiatives that mitigate 
the potential dangers of e-cigarettes while capitalizing on their benefits for aiding 
smoking cessation. 
 

Conclusion 

The body of evidence indicates substantial health risks associated with e-cigarette use, 
encompassing both direct harm to cellular and respiratory functions and the potential to 
serve as gateways to traditional smoking. While e-cigarettes may present a less harmful 
alternative to traditional cigarettes for current smokers, their impact on non-smokers, 
particularly youth, necessitates stringent regulation and ongoing research. It is critical to 
understand these dynamics to develop effective public health strategies aimed at 
minimizing adverse effects on future generations. 

E-cigarettes may offer a less harmful option compared to traditional smoking for some 
adults. However, they pose significant health risks, especially for young individuals. Their 
effectiveness in smoking cessation is comparable to other nicotine replacement therapies 
but comes with additional uncertainties and risks. Consequently, e-cigarettes should not 
be viewed as a safe or effective means of quitting smoking, especially considering the 
associated risks of dual use and potential gateway effects. 

Further research is imperative to fully understand the long-term impacts of e-cigarette 
use. This research should include long-term cohort studies and investigations into the 
chemical alterations that occur when e-cigarette flavors are heated and inhaled. By 
understanding the behavioral, psychological, and chemical factors driving e-cigarette use, 
more effective prevention and cessation programs can be developed. Comprehensive 
public health strategies and stringent regulatory measures must be implemented to 
protect vulnerable populations, particularly youth, from the potential harms of e-
cigarettes. International collaboration in research and policy-making can help create 
unified and robust approaches to manage the risks associated with e-cigarettes while 
leveraging their potential benefits for smoking cessation. 
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