
International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 08, Issue 08, August 2023, 

https://doi.org/10.23958/ijirms/vol08-i08/1724 

 

www.ijirms.in  314 

Review article  

 

The Potential Short- and Long-Term Health Effects of 

Post-pandemic Teen Vaping 
Olivia Liu 1,2, Xiujun Fan *2,3 

1Leland High School, San Jose, CA 95120, USA; Olivia. 
2Association of Applied Life Science, San Jose, CA 95131, USA. 
3Biolife Education Group, San Jose, CA 95131, USA. 

*Correspondence: Xiujun Fan;  

Received 10 July 2023;                                     Accepted 28 July 2023;                                  Published 01 August 2023 

 

Abstract 
The COVID-19 pandemic has negatively impacted mental health throughout our society. Despite this, studies report that vaping among teens and 

young adults has decreased during the pandemic. This paper aims to analyze why COVID-19 impacted vaping in such a way and if that change 

will remain consistent as we head toward the end of the pandemic. Additionally, using PubMed and Google Scholar, we examined the different 

mental and physical effects of vaping and what that means for the future. Studies from the early stages of the pandemic show vaping rates among 

teens and young adults to be decreasing due to health concerns. However, as people become less concerned about COVID-19, vaping rates have 

begun to increase. The potential future health effects are unknown and need to be evaluated further. 
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1. Introduction 

Over the past ten years, there has been a rapid increase in vaping 

rates among teens and young adults. For example, between 2011 and 

2019, the percentage of high schoolers who vaped went from 1.5% 

to 27.5% [1]. The COVID-19 pandemic also negatively impacted 

mental health [2]. Since stress and depression are both key reasons 

why teens started to vape, the pandemic could have also contributed 

to an increase in vaping [3]. However, various surveys express 

conflicting results on the youth vaping trend during the COVID-19 

pandemic. 

E-cigarettes are marketed as a less harmful alternative to the 

traditional cigarette [4]. Although this may be the case, that does not 

mean they are completely harmless. However, evidence shows that 

vaping may cause harm to physical and mental health due to the 

toxic metals and chemicals found in vapes [5]. Lung damage caused 

by e-cigarettes has increased in recent years [6]. For instance, a total 

of 2807 E-cigarette or Vaping use Associated Lung Injury (EVALI) 

cases have been reported since just 2020 [6]. Additionally, nicotine, a 

main component of e-cigarettes, has been shown to harm mental 

health and cause brain damage [1,7]. Other components of vapes 

include various heavy metals and carcinogens that have potentially 

harmful effects [5].  

Although e-cigarettes show harmful effects in the short term, 

the potential long-term effects of vaping haven’t been thoroughly 

researched. Since vapes were only released into the market in 2007, 

the effects of long-term vaping may become prevalent in a few years. 

With less than 90% of e-cigarette users having vaped for less than 4 

years and 80% that have vaped for less than one year, it may be a 

while before we see the long-term effects of e-cigarettes [8]. 

However, this does not mean that the long-term effects are not 

foreseeable. The purpose of this paper is to determine the magnitude 

of the short-term and long-term health effects of e-cigarettes by 

analyzing the effects of the COVID-19 pandemic on the trend of 

vaping among teens and young adults. 

2. Generations of E-cigarettes and their Effects on Health  

The first generation of vapes were disposable e-cigarettes (Figure 

1). This type of e-cigarette was only designed to be used once and to 

be disposed of, not recharged or refilled. These are often referred to 

as “cigalikes” since they are designed to mimic the look and feel of 

traditional cigarettes [9]. 
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Figure 1: E-cigarette generations’ health effects and youth vaping trends from 2003 to 2023. Data from the National Tobacco Survey 

(purple line), ITC Survey (blue line), and ASH-Y Survey (green line) point to an initial decrease in vaping rates after COVID-19 (indicated 

by the broken red line) and an increase after COVID-19 restrictions (indicated by the blue broken blue line) were lifted. The dotted lines 

are the predicted adolescent vaping trends in the near future. 

The second generation of e-cigarettes are e-cigarettes that contain a 

prefilled or refillable cartridge (Figure 1). These cartridges can be 

filled with substances including nicotine, cannabis, flavoring, or 

solvents. The cartridge is also attached to a battery pen [9]. The 

flavoring introduced in this generation, such as cinnamaldehyde, 

benzaldehyde, diacetyl, 3-pentadione, vanillin, acetoin, and 

triacetin, have shown to be very toxic to cells [10]. For instance, 

studies have shown that when inhaled, diacetyl produces 

morphological changes in the liver and toxicity in cells which may 

cause bronchiolitis obliterans or “popcorn lung syndrome” [10]. 

Additionally, the introduction of a refillable e-liquid has been shown 

to pose a threat to follicular development and decrease estrogen 

concentration in ovaries in rats [11]. 

The third generation of e-cigarettes is composed of tanks or 

mods (Figure 1). The third generation of e-cigarettes are 

rechargeable and are designed to be used multiple times, similar to 

the second generation [9]. Mods are modifiable devices that allow e-

cigarette users to customize the substances in the device such as 

flavoring or delivery. Tanks are the part of an e-cigarette that 

contains the e-liquid and the coil that vaporizes the e-liquid [9]. One 

type of tank, a Sub-Ohm tank, contains low-resistance coils. This 

results in a larger delivery of nicotine or other substances [9,12]. One 

study showed that cells that were exposed to butter-flavored or 

cinnamon flavored e-cigarette aerosol in a Sub-Ohm tank displayed 

significant cytotoxicity, increased reactive oxygen species 

production, inflammation, oxidative stress, decreased tight junction 

integrity, and dysregulated gene expression [12]. 

The fourth generation of e-cigarettes is called Pod Mods, an 

e-cigarette product with a prefilled or refillable pod cartridge with a 

modifiable system (Figure 1). These prefilled pod cartridges can 

contain nicotine, tetrahydrocannabinol, or cannabidiol with or 

without flavoring [9]. Additionally, Pod Mods typically use nicotine 

salts rather than freebase nicotine used in previous e-cigarette 

products. Nicotine salts have a lower pH than freebase nicotine, 

allowing easier inhalation of nicotine [9,13]. Additionally, nicotine 

salts are more likely to be absorbed into the body than freebase 

nicotine which may increase the risk of respiratory illness by altering 

inflammatory responses in the lung epithelium [13]. Fourth-

generation e-cigarette users expressed airway injury and had more 

bronchial epithelial cells in the sputum [13]. Furthermore, fourth-

generation e-cigarettes have caused lower concentrations of C-

reactive protein, monocyte chemo-attractant protein-1, matrix 

metalloproteinase 2, uteroglobin, and vascular endothelial growth 

factor in comparison to third-generation e-cigarettes and resulted in 

lower concentrations of soluble intracellular adhesion molecular-1 

and soluble vascular cell adhesion molecule-1 compared to non-

smokers, smokers, and third generation e-cigarette users [14]. This 

suggests the overall immune suppression caused by fourth-

generation e-cigarettes which may be attributable to the inhalation 

of high concentrations of nicotine salts [14,15]. 

3. COVID-19’s Impacts on Vaping Trends 

Vaping rates in teens and adolescents experienced a surge in the last 

decade. From 2011 to 2019 alone, the percentage of high schoolers 

who used e-cigarettes increased from 1.5% to 27.5% or 4.11 million 

high school students who vaped in 2019 [1,16].  

However, the COVID-19 pandemic impacted vaping and the 

reports on the vaping rate are complex. A study conducted in May 

2020 showed that 56.4% of those who originally vaped reported a 

change in their e-cigarette use due to the pandemic. Within those that 

changed their usage, 32.8% reported they quit vaping and 35.3% 

reduced their e-cigarette use. On the other hand, 25.4% of the 

respondents that changed their usage reported increasing their 

vaping and 43.6% continued to vape at the same rate [1]. Later on, 

the National Youth Tobacco Survey, released in September 2020, 

reported that 19.6%, or 3.6 million, of high school students currently 

vaped compared to the 27.5% of high schoolers vaping before the 

pandemic [1,17].  

A comparison between youth vaping during late 2019 and 

late 2020 expressed that more teens quit e-cigarettes than initiated 

use. Out of those who vaped from September to December 2019, 

38.7% quit e-cigarettes from September to December 2020. 

Additionally, 6.3% of non-vapers in 2019 initiated use during 2020. 

It was also noted that there was a correlation between exposure to 

COVID-19 news and e-cigarette use [18]. Moreover, out of a survey 

of 12th-graders in the United States during the fall of 2020, 44.4% 
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reported decreasing e-cigarette usage whereas 16.8% and 38.9% 

reported in-creasing and no change respectively [19]. 

The vaping prevalence in 16-19-year-olds according to the 

2021 ITC survey was 9.1% in February 2021. However, the same 

survey gathered that the prevalence of e-cigarette use was 9.4% in 

February 2020 and 7.7% in August 2019 [20]. This can be explained 

because public anxiety about COVID-19 wasn’t prominent during 

February 2020. 

Furthermore, national e-cigarette sales in the US hit a record 

in June 2021, reaching 22.44 million units sold [17]. It is also noted 

that vaping prevalence in teens has been recently increasing [20,21]. 

The 2020 ASH-Y survey of 11 to 18-year-olds states that vaping 

prevalence was 8.6% compared with 4% in 2021 and 4.8% in 2020 

which illustrates the initial decrease in e-cigarette usage during the 

pandemic and the more recent increase [20]. Additionally, the 2022 

National Youth Tobacco Survey reports an increase of 14.1% of 

adolescents who use e-cigarettes compared to 11.3% in 2021 [21]. We 

can conclude that the COVID-19 pandemic briefly decreased youth 

vaping rates but youth vaping is continuing to rise. 

The COVID-19 pandemic implemented many regulations to 

stop the spread of the disease. Social distancing, the closure of 

schools, and businesses (such as vape shops) being shut down are all 

factors that could potentially affect the number of teens that use e-

cigarettes [22]. Since the U.S. Food and Drug Administration requires 

those who purchase tobacco products (including e-cigarettes 

although their main ingredient is nicotine) to be above the age of 21, 

this may decrease vaping rates [23]. According to a study conducted 

in 2020, 19.5% of participants who decreased their usage over the 

pandemic stated that it was solely because they could not get 

products to vape [1]. The COVID-19 pandemic has caused 

approximately 20% of youth vapers to switch to online stores [1]. 

However, the impact of legislation and pandemic isolation on e-

cigarette use is unclear since studies indicate that underage vaping 

did not increase more than vaping among those aged 21 and above 
[1]. Additionally, 15.2% of youth e-cigarette users re-ported that other 

reasons for their decreased use included that parents would know [1]. 

Another paper reported that 22% of youth decreased their vaping 

due to fewer social interactions [3]. Other young adults who 

decreased vaping over the pandemic were also less likely to vape to 

get high [19]. This may be due to the limited social interaction during 

the pandemic, lessening the pressure of influences from friends. 40% 

of youth reported their reason for vaping was because their friends 

also used e-cigarettes [24]. 

COVID-19 negatively impacted teen mental health, 

increasing anxiety, depression, and stress [25]. As one study 

conducted in 2021 stated that 36% of youth increasing their e-

cigarette use was due to managing stress, there is a correlation 

between the COVID-19 pandemic and vaping among youth [3]. 

Furthermore, another study states that those who kept their usage of 

e-cigarettes the same throughout the pandemic had lower odds of 

vaping to reduce stress compared to those who increased their usage 
[19]. This shows that those who increased vaping were more likely to 

do so because of stress. Similarly, youth that vaped during the 

pandemic were more likely to report vaping because they were sad, 

anxious, or bored than before the pandemic [24]. 92% of youth vapers 

in December 2021 reported feeling stressed with 15% feeling 

extreme levels of stress, a 10% increase from September [24]. 

Moreover, e-cigarette use is associated with anxiety and lower self-

esteem [26]. Those who use e-cigarettes are more likely to have a 

health history of attention-deficit/hyperactivity disorder (ADHD), 

anxiety, and post-traumatic stress disorder (PTSD) [26]. 

Other reasons for a decrease in e-cigarette use include being 

concerned about health [1,3,24]. 18% of youth who decreased their 

vaping reported that it was due to concerns over their health [3]. 

Another study on youth explanations for decreasing e-cigarette use 

states that 25% of youth reduced vaping since e-cigarettes may 

weaken the lungs [1]. In another study, among those who stopped 

vaping within 3 months of December 2020, 37% quit because they 

were worried about their health [24]. Addition-ally, a June 2020 

survey noted that 64% of youth believed vaping would negatively 

im-pact their health [24]. A major reason youth quit vaping in 2020 

was due to general health concerns moreover, concerns specifically 

about COVID-19 also directly impacted vaping rates [18,20]. Those 

who did not vape during late 2019 and started vaping during late 

2020 were more likely to have less COVID-19 news exposure [18]. 

According to the 2021 ITC Youth Survey, 15% of e-cigarette users 

reported decreasing their usage due to the COVID-19 pandemic [20]. 

On the contrary, 15% also reported vaping more as a result of the 

pandemic [20]. Vape companies also exploited the pandemic, 

encouraging people to buy their vapes by advocating for people to 

stay home and vape [27]. On top of that, they also offered contactless 

delivery and curb side pickup during quarantine [27]. This could have 

contributed to an increase in e-cigarette use due to the companies 

portraying themselves as safe. 

The varying statistics on whether e-cigarette use among 

youth increased or de-creased over the COVID-19 pandemic is 

merely due to the fact there was initial anxiety about contracting 

COVID-19 [3]. Although studies show an initial decrease, more 

recent information shows that vaping among adolescents is also 

beginning to increase again [17,20]. 

4. E-cigarette Health Effects and their Potential 

Mechanisms 
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Figure 2. E-cigarette components and their health effects on the body. (A) Different generations of the e-cigarettes; (B) toxic components 

among different generations; (C) components' effects and the potential underlying mechanisms on the brain (indicated by purple lines 

and boxes), the lungs (indicated by pink lines and boxes), the heart (indicated by red lines and boxes), the mouth (indicated by grey lines 

and boxes), and the immune system (indicated by green lines and boxes).  

4.1. E-cigarettes’ Effects on the Lungs 

Two decades before the E-cigarette or Vaping Product Use 

Associated Lung Injury (EVALI) outbreak, a series of cases of 

patients with pulmonary diseases who also used e-cigarettes 

emerged [28]. Most commonly, lung injury with an organizing pattern 

such as organizing pneumonia or acute fibrinous pneumonitis with 

organization, hypersensitivity pneumonitis, diffuse alveolar damage, 

and lipoid pneumonia [28]. Additionally, multiple studies found that 

e-cigarette smoking causes increased asthma exacerbation, cough, 

wheezing, and chronic bronchitis in adolescents [29,30]. 

However, as of February 18, 2020, there have been a total of 

2,807 EVALI cases and deaths in the United States [31]. In just 29 

states and the District of Columbia, there have been a total of 68 

deaths reported to be caused by EVALI [31]. Studies show that EVALI 

is linked to vapes that contain cannabis emulsified with vitamin E 

acetate [31,32]. Vit-amin E acetate is a thickening/cutting agent added 

to vapes by black-market dealers [32]. Vitamin E acetate has been 

found in the lungs of EVALI patients tested by the CDC as well as 

in product samples tested by the U.S. Food and Drug Administration. 

Furthermore, vitamin E acetate hasn’t been found in the lung fluid 

of e-cigarette users without EVALI [31]. 

Studies show that EVALI symptoms are most likely a result 

of synergistic interactions between thermal decomposition products 

of vitamin E acetate [33]. The thermal decomposition products of 

vitamin E acetate have been shown to cause oxidative stress and 

quinone toxicity to exposed lung cells since vitamin E acetate 

emissions were linked to an upregulation of the NQ01, a quinone-

metabolizing enzyme, and HMOX-1, an ox-idative stress biomarker, 

genes [33]. These decomposition products may also have the ability 

to penetrate the alveolar region in the lungs, having been found to 

exist at sizes below 100 nm [33]. 

There are many short-term and long-term effects of vaping 

on pulmonary health [8]. Irritation of e-cigarette aerosol may cause a 

short-term increase in flow resistance and an increase in airway 

reactivity [8]. Pathological and fibrotic changes from e-cigarette use 

may cause long-term effects such as emphysema, higher airway 

resistance, airway obstruction, or airway inflammation [8]. 

Additionally, the heating of the components of e-cigarettes creates 

new substances. Parts of the e-liquid like propylene glycol, glycerol, 

nicotine, and flavoring can become substances like propylene oxide, 

acrolein, acetaldehyde, formaldehyde, and acetamide when heated 
[34]. These new components can negatively impact the lungs of e-

cigarette users by causing problems like respiratory irritation, lung 

edema, airway epithelial injury, sustained tissue hypoxia, 

abnormalities in respiratory function, or even EVALI [34]. 

4.2. E-cigarettes’ Effects on the Heart 

Studies using carotid-femoral pulse wave velocity and 

photoplethysmography both show arterial stiffness after vaping [35]. 

In mice, exposure to e-cigarettes resulted in aortic stiffness and 

significantly impaired aortic endothelial function which may lead to 

impaired cardiac function [35]. Arterial and aortic stiffness from e-

cigarettes may lead to an impaired vascular reactivity response [35,36].  

E-cigarettes have also been linked to myocardial infarctions [28,36,37]. 

Studies show that daily e-cigarette use is associated with an 

increased risk of myocardial infarction [28,36]. An analysis of the 

National Health Interview Surveys of 2014 showed that daily e-

cigarette use is independently associated with having a myocardial 

infarction [36]. E-cigarettes deliver ultrafine particles into the lungs 

which, in mic, lead to impaired aortic endothelial function which is 

associated with an increased risk of myocardial infarction [36]. 

Additionally, heavy metals in e-cigarettes may cause cellular 
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oxidative stress due to the glutathione levels in the lungs, as shown 

in mice studies, from exposure to e-cigarette aerosols [37]. This 

oxidative stress as well as the afore-mentioned dilation of arteries 

are both associated with increased risks for myocardial infarctions 
[36]. 

4.3. E-cigarettes’ Effects on Oral/Dental Health 

Periodontitis is an inflammatory disease that destroys the supporting 

tissues of the teeth [38]. One study that measured the inflammatory 

response in traditional cigarette, e-cigarette, and former smokers 

found elevated levels of proinflammatory cytokines in the crevicular 

fluid of dental implants of cigarettes and e-cigarette users [38,39]. Sub-

stances in e-cigarette aerosols could contribute to oral diseases such 

as periodontitis by inducing oxidative stress, inflammation, DNA 

damage, cellular senescence, altered innate host responses, 

profibrinogenic and dysregulated repair [39]. In rats, periodontium 

functions were disrupted by formaldehyde toxicity, a substance 

found in e-cigarettes through the pyrolysis of glycerol, by altering 

cell growth [34,39,40]. Furthermore, the heating of e-cigarettes results 

in heavy metals such as nickel, cadmium, chromium, and lead, being 

transferred from the coil into the e-liquid [39]. Aerosolization of the 

e-liquid results in exposure to these substances during e-cigarette use 

which can cause chronic periodontitis, oral cancer, inflammation, 

and neurodegeneration [39]. These results show that adolescents who 

smoke e-cigarettes could develop periodontitis among other health 

effects like oral cancer, inflammation, and neurodegeneration due to 

the heating of the e-liquid. 

Additionally, smoking e-cigarettes may reduce oral 

osteoblast viability [41,42]. Studies show that e-cigarette vapor is toxic 

to human osteoblasts and reduce osteoblast viability [41-43]. One study 

reported that exposure to e-cigarette aerosol extract reduced 

proliferation and impaired osteoblastic differentiation of bone 

marrow-derived mesenchymal stem cells [41]. Furthermore, reactive 

oxygen species released by the e-cigarette induce apoptosis of 

osteoblasts as well as inhibit osteoblastic differentiation [41]. These 

results suggest that e-cigarettes may reduce oral osteoblast viability 

in vapers. 

4.4. E-cigarettes’ Effects on Mental Health 

Particles in e-cigarettes such as nanoparticles, heavy metals, 

nicotine, and propylene glycol or vegetable glycerin can all cause 

neurotransmitter and calcium dyshomeostasis, epigenetic changes, 

impaired autophagy, impaired neurotransmission, mitochondrial 

dysfunction, neuroinflammation, and oxidative stress, resulting in 

neuro-toxicity [7]. Nicotine in particular causes various 

developmental and behavioral issues by disturbing the balance of 

cholinergic transmission [7].  

Nicotine exposure can also negatively affect memory, 

attention, emotional regulation, executive functioning, reward 

processing, and even learning [7,44]. Studies report that e-cigarettes 

also have a bidirectional relationship between vaping and depression 
[7,45]. Teens who were depressed were more likely to start vaping 

while the study also showed that depressive symptoms were worse 

after a 30-day use of e-cigarettes [46]. Another study showed that 

those who used e-cigarettes were 9.1% more likely to have suicidal 

thoughts, with 30.7% of vapers reporting experiencing depressive 

symptoms for over two weeks while 17.3% reported considering 

committing suicide within the past year [47]. Moreover, vaping is also 

associated with PTSD, ADHD, and anxiety [24,26]. Reports of vaping 

due to depression, anxiety, and boredom were common during the 

pandemic [24]. 92% of youth e-cigarette users reported feeling 

stressed [24]. E-cigarette use has also been associated with poorer 

self-esteem and higher rates of impulsivity as measured according to 

the Barratt Impulsivity Scale [26]. 

4.5. E-cigarettes’ Effects on the Immune Systeem 

E-cigarette uses increases the vulnerability of bacterial infections 

due to the impairment of human neutrophil chemotaxis, reactive 

oxygen species (ROS) production, and neutrophil extracellular trap 

(NET) formation [48]. E-cigarette vapor extract, or EVE, inhibits 

human neutrophil chemotaxis [48]. One study reported that following 

EVE exposure, neutrophils have significantly reduced their 

migration [48]. Additionally, Neutrophil ROS production is inhibited 

by EVE exposure [48]. ROS is a key component of the antimicrobial 

activity of a neutrophil. A study conducted by quantifying ROS 

production in humans over a two-hour time period found that EVE 

significantly reduced baseline levels of ROS production at 50, 75, 

and 100% exposure [48]. E-cigarette vapor has significantly inhibited 

NET production at all levels of exposure [48]. This means that 

neutrophil extracellular trap (NET) production in adolescents who 

smoke e-cigarettes could be inhibited.  

The fine particles released by e-cigarette use may have 

damaging effects on the immune system [49-51]. Adolescents who 

vape are exposed to fine particulate matter [49]. One study found that 

prenatal exposure to particulate matter could decrease T 

lymphocytes, B lymphocytes, and natural killer cells depending on 

when the exposure happened. Exposure during early gestation led to 

an increase in T lymphocytes but de-creased B lymphocytes and 

natural killer cells, on the other hand, exposure during late gestation 

resulted in decreased T lymphocytes but increased B lymphocytes 

and natural killer cells [49]. Since T lymphocytes, B lymphocytes, and 

natural killer cells play roles in the immune system, exposure to 

particulate matter through e-cigarettes may harm immune systems 

in adolescents [50,52]. However, a study on mice found that exposure 

to fine particulate matter stimulated the immune response in the 

mice, resulting in an accumulation of immune cells in their lungs 

after the exposure [51].  

Fine particles emitted by e-cigarettes have negative impacts 

on adolescent immune systems, especially in the lungs [53]. One 

study showed that black particulates which are present in the 

atmosphere caused lung-associated lymph nodes to turn black, 

whereas the mesenteric lymph nodes from the same individual were 

beige or translucent [53]. This demonstrates how inhaling fine 

particles from e-cigarettes may result in changes to adolescent lung-

associated lymph node function. Additionally, expression of the 

phagocytic marker CD36 key activation markers CD80 and CD86 

decreased as they were more exposed to fine particles in 

CD28+CD169- macrophages in lung-associated lymph nodes but 

remained unchanged in mesenteric lymph nodes [53]. Furthermore, 

imaging in CD68+CD169- macrophages depicted a decrease in 

CD36 expression in macrophages with particulates as well as a 

significant decrease in phagocytosis in those macrophages [53]. This 

is because fine particles alter activation, phagocytic capacity, and 

turnover which results in a decrease in the expression of phagocytic 

marker CD36 and key activation markers CD80 and CD86 [53]. This 

shows that adolescents who are ex-posed to fine particles in e-

cigarettes may have negative impacts on their lung immune system. 

Vaping may also accelerate non-small cell lung cancer 

through exposure to carbon black particles [54]. A study found that 

mice who were exposed to carbon black particles in concentrations 

equal to those found in the lungs of smokers developed lung tumors 

at a higher rate (58%) than control mice of the same genotype (15%). 

Additionally, 21% of the mice exposed to carbon black particles 

developed distant metastases [54]. This may be because carbon black 

particles cause metabolic changes and immunosuppression in 

macrophages which could result in non-small cell lung cancer [54]. 

These results show that particles, like carbon black, may put 

adolescents who vape at risk of developing lung cancer. 

5. E-cigarette Long-term Health Issues 

5.1. The Effects of Nicotine 

One of the components of e-cigarettes is nicotine [55]. Nicotine has 

many long-term health effects on the brain and mental health of 

adolescents [56]. 
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One study found that young mice treated with nicotine 

displayed a decreased context-induced freezing and were less 

sensitive than the control mice to nicotine enhancement of 

performance, results that were not shown by adult mice treated with 

nicotine. Additionally, the same study discovered that adult female 

mice's performance in an object learning task and novel object test 

decreased if they were exposed to nicotine as adolescents [57]. These 

results depict the long-term effects of nicotine on the hippocampus, 

a brain region critical for memory formation and retrieval, 

processing contextual information, and spatial learning [57,58]. Thus, 

we could hypothesize that nicotine exposure to adolescents who 

vape may later impact the functions of their hippocampus. 

Furthermore, animal studies have shown a correlation 

between adolescent nicotine exposure and the long-term effects of 

anxiety and depression [56,59-62]. These studies tested anxiety by 

measuring the time the mice spent in the center zone of an open field, 

forced swim test, sucrose preference, and elevated plus maze [59-61]. 

Adolescent mice who were treated with nicotine expressed more 

anxiety later in their life than those who were not [59-61]. Additionally, 

several studies reported that mice exposed to nicotine as adolescents 

showed depressive symptoms later in their life as well as social 

withdrawal and deficits in social cognition [60-62]. For instance, some 

depressive symptoms in mice exposed to nicotine include 

immobility in the forced swim test and decreased sucrose preference 
[60,61]. All these results raise the idea that adolescents exposed to 

nicotine through vaping could express anxiety and depressive 

symptoms as adults. 

5.2. The Effects of Fine Particles 

One of the components of e-cigarettes is nicotine [55]. Nicotine has 

many long-term health effects on the brain and mental health of 

adolescents [56]. 

The fine particles released by vaping may have negative 

long-lasting effects on the immune system [49-51]. Adolescents who 

smoke e-cigarettes are exposed to fine particulate matter [49]. One 

study reported that depending on when the exposure happened, 

prenatal exposure to particulate matter could decrease T 

lymphocytes, B lymphocytes, and natural killer cells. Exposure 

during early gestation led to an increase in T lymphocytes but 

decreased B lymphocytes and natural killer cells, on the other hand, 

exposure during late gestation resulted in decreased T lymphocytes 

but increased B lymphocytes and natural killer cells [49]. Exposure to 

particulate matter through e-cigarettes may harm immune systems 

in adolescents since T lymphocytes, B lymphocytes, and natural 

killer cells play roles in the immune system [50,52]. However, a study 

on mice found that exposure to fine particulate matter stimulated the 

immune response in the mice, resulting in an accumulation of 

immune cells in their lungs after the exposure [51]. 

Fine particles emitted by e-cigarettes have negative impacts 

on adolescent immune systems, especially in the lungs [53]. One 

study showed that black particulates which are present in the 

atmosphere caused lung-associated lymph nodes to turn black, 

whereas the mesenteric lymph nodes from the same individual were 

beige or translucent [53]. This demonstrates how inhaling fine 

particles from e-cigarettes may result in changes to adolescent lung-

associated lymph node function. Additionally, expression of the 

phagocytic marker CD36 key activation markers CD80 and CD86 

decreased as they were more exposed to fine particles in 

CD28+CD169- macrophages in lung-associated lymph nodes but 

remained unchanged in mesenteric lymph nodes [53]. Furthermore, 

imaging in CD68+CD169- macrophages depicted a decrease in 

CD36 expression in macrophages with particulates as well as a 

significant decrease in phagocytosis in those macrophages [53]. This 

is because fine particles alter activation, phagocytic capacity, and 

turnover which results in a decrease in the expression of phagocytic 

marker CD36 and key activation markers CD80 and CD86 [53]. This 

shows that adolescents who are ex-posed to fine particles in e-

cigarettes may have negative impacts on their lung immune system. 

Vaping may also accelerate non-small cell lung cancer 

through exposure to carbon black particles [54]. A study found that 

mice who were exposed to carbon black particles in concentrations 

equal to those found in the lungs of smokers developed lung tumors 

at a rate of 58% compared to the 15% rate of the control mice of the 

same genotype. Additionally, 21% of the mice exposed to carbon 

black particles developed distant metastases [54]. This may be 

because carbon black particles cause metabolic changes and 

immunosuppression in macrophages which could result in non-small 

cell lung cancer [54]. These results show that particles, like carbon 

black, may put adolescents who vape at risk of developing lung 

cancer. 

5.3. The Effects of Formaldehyde 

E-cigarettes also contain many carcinogens, including acetaldehyde 

and formaldehyde, that form as a result of reactions within the e-

cigarette device [40,63]. One study showed that formaldehyde was 

detected in 6/7 e-liquids due to being formed from the pyrolysis of 

glycerol [40]. Multiple studies on rats exposed to formaldehyde at up 

to 15 ppm report squamous cell carcinomas in the nasal cavity [64-66]. 

Another study on industrial workers exposed to formaldehyde 

showed that the workers exposed to formaldehyde had an increased 

mortality rate from several cancers and a deficit of lung cancer 

among workers exposed to only low levels of formaldehyde [67]. 

Thus, we can hypothesize that this may have significant effects on 

the future health of vaping adolescents.  

5.4. The Effects of Diacetyl 

The buttery-like aroma of e-cigarettes is due to diacetyl [68]. A study 

on female and male mice has shown that diacetyl promotes 

metabolomic changes [69]. In both male and female groups that were 

exposed to diacetyl, the metabolite levels of 5-HT, Ala, Arg, Asn, 

Cit, Gln, Gly, His, Ile, Leu, Met, Phe, Pro, Sar, Tau, The, Tyr, and 

Val increased. However, in the female-treated group, the metabolite 

levels of Asp, Glu, Orn, and T4-OH-Pro decreased and in the male-

treated group, Cre, Dopa, Hst, Kyn, Car, and Trp decreased [69]. 

Additionally, diacetyl caused the mice to express anxiety and fear 

when treated with diacetyl. This may be because the metabolite 5-

HT, which is involved in the pathophysiology of anxiety disorders, 

increased in both male and female mice treated with diacetyl [69]. 

This shows that the metabolite levels of adolescents who smoke e-

cigarettes containing diacetyl may become altered.  

5.5. The Effects of Heavy Metals 

The heavy metals in e-cigarettes have negative effects on 

neurological health [70,71]. A study on the effects of heavy metals on 

astrocytes showed that under expo-sure to excessive heavy metals, 

astrocytes, which are crucial for the protection of neurons in the 

central nervous system, may become the main targets of metal 

toxicity which could cause damage in cognition, memory, and 

learning [71-73]. Additionally, heavy metals such as Mn, Pb, Ng, and 

iron that damage astrocytes can destroy nervous tissue and glial-

neuronal interactions [74,75]. Furthermore, heavy metals can alter the 

pro-duction of glutamate since astrocytes are the only cells in the 

brain that can produce glutamate [76]. The negative effects of heavy 

metals on neurological health may appear in adolescents who have 

been exposed to heavy metals through e-cigarettes.  

5.6. The Effects of Proopylene Glycol 

E-cigarette users are exposed to propylene glycol, which can be up 

to 95% of the liquid volume in an e-cigarette [77]. For example, one 

study using a single brand of e-cigarettes made in Greece found that 

the e-liquid consisted of at least 60% propylene glycol [78]. Multiple 

studies on the effects of e-cigarettes on mice have shown that acute 

exposure to doses with propylene glycol has caused up-regulation of 

mucins and cyto-kines as well as impaired autophagy while chronic 

exposure has caused airway inflammation, impairment of neutrophil 

phagocytosis, and emphysema [79-84]. Additionally, propylene glycol 

enters cells through aquaporins such as AQP3, causing it to have 
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intracellular effects [85]. One study showed that propylene glycol 

caused a de-crease in membrane fluidity in airway epithelia which 

may affect endocytosis, exocytosis, and plasma membrane protein-

protein interactions [86]. This shows that adolescents who smoke e-

cigarettes and are exposed to propylene glycol may be exposed to 

negative intracellular effects such as a decrease in membrane 

fluidity. Furthermore, propylene glycol forms propylene oxide when 

heated and vaporized, an International Agency for Research on 

Cancer class 2B carcinogen [87]. This shows that adolescents exposed 

to vaporized propylene glycol through e-cigarette vapor will most 

likely be exposed to carcinogens.  

5.7. The Effects of Acrolein 

Acrolein is formed in the vapor of e-cigarettes through the heating 

of glycerine [88]. One study reported that of 12 studied e-cigarettes, 

11 contained acrolein. The contents of acrolein ranged from 0.7 to 

41.9 micrograms in every e-cigarette [88]. Multiple studies have 

reported that acrolein causes irritation of the nasal cavity, damage to 

the lining of the lungs, as well as cardiovascular disease [88-90]. 

Additionally, one study on the effects of acrolein on key regulators 

of mitochondrial content and function in rat lungs discovered that 

exposure to acrolein resulted in a decrease in the abundance of 

multiple subunits of electron transport chain complexes as well as 

decreased protein levels of important regulators that are involved in 

mitochondrial biogenesis. Furthermore, acrolein inhalation caused 

mtDNA damage, an increase in intracellular and mitochondrial ROS 

production, as well as disturbed mitochondrial metabolism [91]. 

These results show that adolescents exposed to e-cigarette vapor 

could be exposed to the harmful effects of acrolein including a 

decrease in electron transport chain subunits and protein levels, 

increased ROS production, and disturbed mitochondrial 

metabolism.  

6. Conclusions 

In conclusion, the COVID-19 pandemic has had a significant impact 

on vaping behavior among adolescents. Initially, concerns about the 

potential health risks of COVID-19, the decrease in the availability 

of e-cigarettes through business closures, and social distancing led 

to a decline in vaping rates. However, as restrictions from the 

pandemic are being lifted, there has been a significant increase in 

vaping rates among adolescents. 

One crucial consequence of the rising vaping rates is the 

potential short and long-term health effects. This is particularly 

important in adolescents who have more time to experience these 

negative effects later in life. Current studies show that e-cigarettes 

can negatively impact neurological, oral, cardiovascular, pulmonary, 

and immune health, however, the long-term effects of vaping are still 

being researched. With these findings, we can conclude that 

adolescents who smoke e-cigarettes are at an increased risk of 

experiencing the negative health effects of e-cigarettes in the future. 

Given these findings, it is imperative to implement effective 

policies to reduce vaping rates by limiting the availability of e-

cigarettes to adolescents. These policies should focus on stricter 

regulations on marketing practices that target young individuals, 

raising awareness about potential health effects associated with e-

cigarettes, and ensuring the enforcement of age restrictions for 

purchasing vaping products. By re-stricting adolescents' access to e-

cigarettes, we can mitigate the potential long-term consequences of 

vaping in the years to come. 
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