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Vaping: The Gen Z nicotine crisis
Chelsey DeGomez, MPAS, PA-C; Jennifer Feirstein, MSPAS, PA-C, DFAAPA

glycerin).1,2 The battery heats an attached atomizer that 
vaporizes the liquid; this aerosolized liquid is inhaled by 
the user.

Adolescents have a number of slang terms to describe 
e-cigarette use.1,3 In addition to vaping, another popular 
term is “JUULing,” named after one of the largest 
e- cigarette companies.4 Other popular terms among youth 
are e-hookah, e-pipes, mods, and tanks.1,3 Clinicians must 
be familiar with these terms; e-cigarette use by adolescents 
may be underreported if “e-cigarette” terminology is used 
in lieu of the slang terms more readily recognized among 
adolescents.3 Additionally, clinicians should always spe-
cifi cally inquire about vaping, because it is not automatically 
associated with smoking or tobacco use inquiries in this 
population.3

Use of e-cigarettes by adolescents has dramatically 
increased in the past decade: in 2011, just 1.5% of high 
school students reporting use of e-cigarettes, compared 
with 11.7% in 2017, 20.8% in 2018, and 27.5% in 2019.5,6

Similar increases have been demonstrated among middle 
school students, with 0.6% reporting e-cigarette use in 
2011, 3.3% in 2017, 4.9% in 2018, and 10.5% in 2019.5,6

This translates to over 5 million youth reporting use of 
e-cigarettes in 2019.7 In contrast, the 2018 National Health 
Interview Survey reported that 3.2% of all adults (about 
8.1 million) were current e-cigarette users, with the high-
est use group (7.6%) being adults ages 18 to 24 years.8

The signifi cant increases in prevalence prompted Jerome 
Adams MD, MPH, the US Surgeon General at the time, 
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Electronic cigarettes, or e-cigarettes, are the latest 
among the numerous efforts to modify traditional 
cigarettes to minimize the harmful effects of smok-

ing.1 E-cigarettes were introduced in China in 2004 as a 
smoking cessation device or alternative cigarette; by the 
mid-2000s, they had been incorporated into the US mar-
ketplace.1

E-cigarettes contain a battery that can be activated by 
manually turning the device on or simply by inhaling 
(Figure 1). A tank inside the device contains the liquid used 
for vaping, as this type of smoking is called.1 E-cigarette 
liquid, also called e-liquid or e-juice, usually contains 
nicotine (although there are e-liquids without nicotine). 
Manufacturers also have added fl avors and a humectant 
or solvent (usually propylene glycol and/or vegetable 

ABSTRACT
The topic of vaping is becoming increasingly prevalent in 
healthcare, especially regarding adolescents as their use 
of electronic cigarette products continues to increase. The 
many factors to consider include the safety of these prod-
ucts, human health and behavior, and social effects. Health-
care providers need to be aware of these issues to provide 
appropriate education and care to adolescent patients.
Keywords: vaping, electronic cigarettes, adolescents

Learning objectives

 Describe the components and functionality of an 
e-cigarette.

 Identify factors contributing to the appeal of 
e-cigarettes among adolescents.

 Discuss the health implications associated with nicotine 
use through an e-cigarette device.

 Describe patient education and screening programs that 
target adolescent vaping.
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to describe e-cigarette use as an “epidemic” among youth, 
saying “I am emphasizing the importance of protecting 
our children from a lifetime of nicotine addiction and 
associated health risks by immediately addressing the 
epidemic of youth e-cigarette use. The recent surge in 
e-cigarette use among youth… is a cause for great concern.”9

With the ever-rising numbers of adolescents using e-cigarette 
systems, clinicians need to expand efforts to prevent tra-
ditional tobacco use to include the new health concerns 
that come with adolescent vaping.

ADOLESCENT APPEAL
A study aiming to identify factors contributing to adoles-
cent vaping found both protective and risk factors for the 
initiation of use of e-cigarettes.10 Protective factors included 
parental support and monitoring, 
academic involvement, and emo-
tional self-control.10 Risk factors 
included peer smoking, sensation 
seeking, rebelliousness, parental 
confl ict, and lower levels of paren-
tal education.10 Data analysis by 
Wills and colleagues suggests that 
health-conscious youth may use 
e-cigarettes because they are per-
ceived to be safer than traditional 
cigarettes; youth with traditional 
risk factors for substance abuse may 
initiate vaping because of their 
desire for mood elevation or non-
conformity to social norms.10

Marketing by e-cigarette compa-
nies rapidly increased after the intro-
duction of e-cigarettes in the US 
market, with advertising expendi-
tures increasing from less than $5 
million per year (2007-2010) to $12 
million per year in 2011 and $22 
million per year in 2012.11 Much of 
this increase in marketing and 

advertising has targeted adolescents, with 47% of teens 
ages 12 to 17 years being exposed to e-cigarette magazine 
advertisements in 2014.1 Additionally, advertisements in 
magazines with high teen readership outnumbered adver-
tisements in magazines with high adult readership by a 
factor of four.1 In the television market, adolescent expo-
sure to e-cigarette advertising increased by 256% between 
2011 and 2018; an estimated 50% of the youth population 
in the United States was exposed to e-cigarette advertise-
ments on television in 2013.1 Vaping companies also 
advertise on YouTube, Twitter, and other social media 
outlets known to be popular with adolescents, and that 
are disproportionally used by youth and young adults.12-16

Flavored products are listed as one of the top three rea-
sons adolescents engage in vaping.17 This is reminiscent of 
traditional cigarette companies using fl avors in cigarettes 
to target youth.18 An FDA ban on traditional cigarette 
fl avoring was implemented to discourage use by adolescents; 
unfortunately, this ban does not extend to the more than 
7,000 fl avors available in e-cigarettes.17,19

The e-cigarette device itself has been identifi ed as being 
particularly appealing to adolescents.4 Devices may have 
the appearance of a fl ash drive, juice box, pen, cell phone 
case, or fl ashlight (Figure 2).3,14 These devices are appeal-
ing because they let adolescents discreetly use the product 
while in school.2

A common promotional technique used by e-cigarette 
companies is identifying e-cigarettes as a safe alternative 
to traditional smoking. Technically, this may be true—
smokers may assume reduced consequences if their nicotine 

Key points

 Multiple advertising and marketing strategies contribute 
to the popularity of vaping among adolescents, with 
flavored products being one of the most significant 
factors.

 The long-term health implications associated with 
vaping are not yet fully understood.

 The effect of nicotine use on a still-developing 
adolescent brain may contribute to increased risk of 
nicotine addiction.

 Healthcare providers have a responsibility to educate 
patients on the risks associated with vaping, especially 
in adolescents.

FIGURE 1. Parts of an electronic cigarette 
Reproduced with permission from McKenna LA. Electronic cigarette fi re and explosions in the United States 2009-2016. US Fire 

Administration, July 2017.

Some devices have a 
light-emitting diode on the
end to simulate the glow of
a burning cigarette.

Heating element/
Atomizer heats the
“juice” to make vapor.

Microprocessor

Cartridge (tank) holds
the liquid “juice.”

Mouthpiece

Battery
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use is in the form of e-cigarettes 
rather than traditional cigarettes.20 
However, most adolescent e-cigarette 
users have never smoked traditional 
cigarettes.21 Therefore, with the 
onset of vaping, many adolescents 
assume only new risks without the 
concomitant mitigation of other risks 
that would be seen in patients who 
had previously used traditional 
cigarettes.20 One major risk factor 
for adolescents new to vaping is the 
increased likelihood of transitioning 
to traditional cigarette use.21

SAFETY
E-cigarettes have only been in the US market for just over 
a decade; therefore, long-term health consequences attrib-
uted to their consumption cannot be adequately reported 
at this time. However, there are similarities between some 
of the components in e-cigarettes and traditional cigarettes, 
allowing for plausible extrapolations to be made about 
the potential health and safety effects associated with vap-
ing. Additionally, outbreaks of severe, acute lung injury 
recently have been reported in association with vaping.

Contents Although some e-cigarettes do not contain 
nicotine, most (67%) adolescents ages 15 to 17 years who 
reported using e-cigarettes use products containing nico-
tine.20 Assessing how much nicotine adolescents are vaping 
is challenging, because e-cigarettes are available with 
nicotine concentrations ranging from zero to more than 
25 mg/mL.22 Among adolescents who use high-nicotine 
concentration e-cigarettes (18 mg/mL or greater), typical 
use is 8.6 episodes of vaping daily and 10.3 puffs per 
episode.22 Applying this typical use data to the JUUL brand 
of e-cigarettes, a patient using high-nicotine concentration 
e-cigarettes inhales an amount of nicotine per day equiva-
lent to a half-pack of cigarettes.22,23

Accidental or intentional ingestion of liquid nicotine can 
cause serious cardiovascular problems from nicotine tox-
icity. The two concentrations available for a single JUUL 
pod are 5% (59 mg/mL) and 3% (35 mg/mL), and the pod 
volume is 0.7 mL.2,23 Thus, the amount of nicotine in a 
single JUUL pod ranges from 24.5 to 41.3 mg. The esti-
mated lethal dose of nicotine ranges from 0.5 to 1 mg/kg 
body weight, with the commonly reported lethal dose in 
children being 10 mg.24,25 According to poison control 
centers, calls regarding e-cigarettes have increased dra-
matically since 2011, and the most common symptoms 
related to nicotine overdose are nausea and vomiting.26

A study of habitual e-cigarette use found that the nega-
tive cardiovascular effects associated with use of traditional 
cigarettes also are seen with nicotine use in the form of 
e-cigarettes.27 These effects include increased sympathetic 
tone, which is associated with tachycardia, and increased 

oxidative stress, which is associated with free radical for-
mation.27 These factors may put patients at risk for coro-
nary artery disease leading to myocardial infarction and 
stroke.27

Inhalation of components of the aerosol produced by 
e-cigarettes has been linked to symptoms of chronic bron-
chitis, such as coughing, congestion, phlegm, and wheez-
ing.28 These symptoms likely are the result of the 
infl ammatory effects and oxidative stress created by the 
aerosol components, which include metals and toxins.28 
The fl avors added to the liquid in the cartridge also may 
contribute to the respiratory risks. Cherry fl avors contain 
benzaldehyde, and diacetyl is found in other sweet fl avors.29 
Both benzaldehyde and diacetyl are known respiratory 
irritants; diacetyl, in particular, is a known causative factor 
in acute-onset bronchiolitis obliterans.29

Propylene glycol is the main constituent of the cartridge 
liquid.30 In children, chronic exposure to propylene glycol 
has been associated with rhinitis, asthma, and dry throat 
and mouth.30 Additionally, when heated, propylene glycol 
forms propylene oxide, a known carcinogen.30 Propylene 
glycol decomposes to form formaldehyde and acetaldehyde; 
the toxin, acrolein, is a byproduct of this degradation that 
is associated with mucosal irritation.31 All of these byprod-
ucts are either toxic or carcinogenic.31

Although the tar and carbon monoxide exposure associ-
ated with traditional smoking does not exist with vaping, 
patients who vape are exposed to other tobacco-specifi c 
carcinogens, specifi cally, nitrosamines, carbonyl compounds, 
metals, volatile organic compounds, and phenolic com-
pounds.31 Although these carcinogenic and toxic compounds 
are found in small quantities compared with traditional 
cigarettes, their presence at any level is concerning.30

E-cigarette, or vaping, product use-associated lung injury 
(EVALI) An example of an additional health implication 
associated with vaping is the EVALI outbreak that began 
in June 2019. During the time of EVALI data collection 
by the CDC (August 2019 to February 2020), 2,807 hos-
pitalizations for EVALI were reported, with 68 confi rmed 
deaths.32 A full discussion of EVALI is beyond the scope 

FIGURE 2. Various e-cigarette/vaping devices.
Reproduced with permission from the Minnesota Department of Health, www.health.state.mn.us/ecigarettes
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of this article, but clinicians should have a basic under-
standing in order to facilitate early recognition.

The syndromic appearance of EVALI includes respiratory 
symptoms (shortness of breath and cough) associated with 
gastrointestinal (nausea, vomiting) and constitutional (fever, 
chills) symptoms; these symptoms progressively worsen 
over several days to weeks and about half of patients require 
ICU admission.33-35 The most common fi ndings on pulmo-
nary imaging include patchy, bilateral, ground-glass opac-
ities on CT; however, variable patterns are possible.35 
Laboratory analysis for respiratory infectious diseases 
usually is negative.33-35 Patients with EVALI, by defi nition, 
report having used e-cigarettes in the 90 days before symp-
tom onset, most frequently with products containing tet-
rahydrocannabinol (THC).33,34 Vitamin E acetate has been 
strongly linked to the EVALI outbreak because it was 
detected in the bronchoalveolar lavage fl uid of 94% of 
patients with EVALI and outbreaks corresponded tempo-
rally with the introduction of vitamin E acetate to THC-
containing products.34 EVALI cases declined after 
identifi cation of vitamin E as the probable cause; however, 
clinicians should be vigilant about monitoring for similar 
future outbreaks due to the potential for e-cigarettes to be 
used with nonregulated products.32

Secondhand exposure No long-term studies of the effects 
of secondhand vapor exposure have been completed. As 
with traditional cigarettes, the risks associated with sec-
ondhand exposure are assumed to be far less than the risks 
to the person vaping.31 However, theoretically any risks or 
consequences associated with being a primary user may 
translate to those exposed secondhand. As vaping becomes 
more widespread, healthcare providers may need to consider 
asking patients about secondhand vapor exposure, and 
healthcare advocates may need to explore policies on 
public exposure to e-cigarette vapor.

Devices The e-cigarette device itself can be associated 
with negative health effects, as demonstrated by the 
increase in ED visits due to burns related to device over-
heating.36 The batteries required to operate the device also 
can explode. Most of these injuries occur with the device 
in the user’s front pants pocket, resulting in burns to the 
thigh and groin.36 Men are more frequently affected than 
women, with the typical injury involving a second-degree 
burn; half of injured patients have an average hospital 
stay of 4 days.36

Neuropsychiatric development Although the effects of 
nicotine are not specifi c to vaping, the increased popular-
ity of vaping among youth is particularly concerning 
because of the potential long-term effects of nicotine on 
adolescents’ developing brains.37 The prefrontal cortex is 
responsible for executive functions such as judgment, 
planning, and decision-making. Because the brain is not 
fully developed until age 25 years, early exposure to nico-
tine through e-cigarettes may interfere with development 
of these executive functions, and can cause poor concentra-

tion, depression, anxiety, and increased engagement in 
reckless behaviors.37

Adolescent use of e-cigarettes may eventually contribute 
to nicotine dependence and addiction secondary to the 
“high,” or sense of pleasure, associated with nicotine.37 
Specifi cally, in undeveloped brains, activation of nicotine 
receptors causes upregulation of these receptors, eventually 
requiring increasing amounts of nicotine exposure to induce 
the same pleasure response.37

SOCIAL EFFECTS
Normalization of nicotine use Many laws and regulations 
have been enacted in an effort to discourage traditional 
cigarette smoking; however, these same tactics have not been 
used with e-cigarettes. This may normalize nicotine use, 
potentially leading to reduced attempts at quitting, relapse 
from nicotine cessation, and increased nicotine initiation in 
youth.30 Additionally, patients who use e-cigarettes may 
transition into using traditional cigarettes: Primack and 
colleagues found that 68.8% of adolescents and young 
adults ages 16 to 26 years whose nicotine use began with 
e-cigarettes were using traditional cigarettes within 1 year, 
but only 18.9% of e-cigarette nonusers initiated use of 
traditional cigarettes within the 1-year study period.38

Alcohol use Oh and colleagues found that adolescents 
who had used e-cigarettes drank alcohol more frequently 
than adolescents who did not use e-cigarettes.39 The fre-
quency of vaping also was found to correlate positively 
with frequency of alcohol use, with daily e-cigarette use 
associated with a higher likelihood to drink alcohol than 
in those who only intermittently vaped.39

Other substance use E-cigarettes may be a gateway to 
use of other substances, such as alcohol and marijuana.2 
E-cigarette or hookah use has been shown to increase the 
likelihood of adolescents to use marijuana.40 Additionally, 
it may lead to more frequent or regular marijuana use; 
nicotine exposure has been shown to prime the brain’s 
reward system so that subsequent exposure to drugs is 
associated with a more signifi cant pleasure response.40

Some e-cigarette devices can be used with marijuana, 
and it has been shown that 1 in 11 middle and high school 
students have used e-cigarettes containing marijuana.41 
Vaporized cannabis has been shown to have a more sig-
nifi cant subjective drug effect compared with smoked 
cannabis and causes greater impairment of cognition and 
psychomotor skills; blood THC concentrations also are 
higher.42 Serious lung injury also is a concern with vaping 
THC as was demonstrated in the EVALI cases discussed 
earlier. THC-containing products for vaping are illegal in 
many states, yet remain widely available; this raises concern 
for substances that may be in these unregulated products 
and may cause signifi cant health effects.33 This is an emerg-
ing fi eld of study, and more research is needed to fully 
understand the health effects of vaping THC-containing 
products.
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NEXT STEPS
Research Additional research is needed because of the 
constant infl ux of information regarding e-cigarette use. 
For example, in April 2019, the FDA made a special 
announcement informing the public of a possible link 
between vaping and seizures, especially in adolescents and 
young adults.43 Although seizures are a known symptom 
of nicotine toxicity, the seizures referenced in this special 
report are occurring in e-cigarette users without coexistent 
nicotine toxicity.43 Since this 2019 announcement by the 
FDA, case reports have been published linking seizure 
activity with vaping; however, causality has not been 
demonstrated.44-46 More long-term studies are needed to 
fully understand the harms associated with vaping. In the 
interim, regulatory organizations must protect the public 
based on the limited evidence-based studies and informa-
tion that exists, and healthcare providers should continue 
to assume the role of educating patients about the poten-
tial harmful effects of vaping.

Regulation Since the initial introduction of e-cigarettes 
when there were no FDA regulations in place, progress 
has been made in regulating this industry. Manufacturers 
are now required to include a statement on their packaging 
informing buyers that the product contains nicotine. Other 
improvements include restricted sales to those under age 
18 years in an effort to mitigate adolescent use, and restric-
tions in advertising.47

In June 2022, the FDA issued a marketing denial order 
to JUUL Labs Inc., which would have required JUUL 
products to be removed from the US market; however, this 
was promptly followed the next day with a temporary 
administrative stay by the US Court of Appeals for the DC 
Circuit, and an FDA administrative stay in early July 2022.48 
Although the viability of JUUL in the United States is 
undetermined at press time, clinicians must remember that 
the elimination of JUUL products from the US market 
would not eliminate the adolescent vaping problem, because 
many alternatives to JUUL are available for e-cigarette use.

Additionally, despite measures to progressively increase 
regulation of e-cigarettes by the FDA, they only pertain to 
products that contain nicotine.47 Products without nicotine 
are not regulated, the rationale being that fl avors determined 
safe for ingestion in foods should be safe for inhalation. 
However, the gastrointestinal tract can safely digest sub-
stances that, in the lungs, are associated with respiratory 
toxicity.29 Testing and FDA regulation should be adopted 
for nonnicotine e-cigarettes, because using these substances 
may pose unique risks.

As previously discussed, fl avoring used in nicotine and 
nonnicotine e-cigarettes is a signifi cant temptation toward 
adolescent use of the products. Flavorings have been banned 
from use in traditional cigarettes for this very reason; however, 
similar bans have yet to be implemented with e-cigarettes.

Another strategy employed by the FDA in an attempt to 
reduce traditional cigarette use is the implementation of a 

federal tax; however, no federal tax has been adopted for 
vaping products. Additionally, only 60% of states have 
implemented a state tax on e-cigarette products; 22 of 
those states have enacted their e-cigarette tax in the past 
3 years.49 Increasing the expense of using e-cigarettes 
through the adoption of a vaping tax may be an effective 
method for reducing adolescent use. Overall, the FDA has 
the power to help mitigate adolescent use by implementing 
regulations that discourage use of e-cigarettes, as has been 
done for traditional cigarettes.

CONCLUSION
Healthcare providers have a signifi cant role to play in 
protecting adolescents from the harmful effects of vaping. 
Clinicians must be aware of the prevalence of vaping among 
adolescents, and recognize the trend moving away from 
traditional cigarettes and toward e-cigarettes. Educate 
patients on known and suspected harms associated with 
e-cigarette use, and emphasize that much is unknown about 
the implications of long-term use. Use the e-cigarette ter-
minology recognized by younger patients. Be aware of risk 
factors that may indicate a patient is more likely to use 
e-cigarettes, and educate parents on behaviors that may 
suggest that their adolescent is using e-cigarettes. All of 
these strategies can help to better protect adolescents from 
adverse reactions to vaping. JAAPA
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