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Abstract
Purpose of Review This review discusses prevalence rates of electronic (e-)cigarette use among youth and factors that likely
contribute to their growing popularity among this population. Trends shaping the e-cigarette landscape, the appeal of e-cigarettes
among youth, perceptions contributing to the initiation of e-cigarettes, available assessments capturing the usage of and attitudes
towards e-cigarettes, and e-cigarette policies and regulations are reviewed.
Recent Findings E-cigarette use among this vulnerable group may relate to factors associated with the promotion of social status,
individuality, and enjoyment, along with low perceptions of risk and harm. Measures assessing factors unique to e-cigarette use
among youth (e.g., individuality) still need to be developed and validated. Effects of existing regulations to limit youth access to
e-cigarettes may be limited, and shortcomings of current policy measures are discussed with recommendations.
Summary The rise of e-cigarette use among youth culminated through a perfect storm of clever marketing targeting youth appeal,
innovations in more effective nicotine delivery systems, capitalizing on increased susceptibility of the adolescent brain, and
regulatory gaps. Understanding risk and protective factors specific to this vulnerable group, which can be gleaned in part by
psychometrically valid assessments, could inform regulatory strategies and prevention programming efforts. Yet, few validated
measures exist that assess attitudes, behaviors, and patterns of e-cigarette use that are specific to youth. Ultimately, it is incumbent
upon policymakers to create comprehensive regulations that prioritize harm reduction and can evolve in lockstep with the
constantly changing e-cigarette product landscape.
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Introduction

Electronic cigarettes (e-cigarettes) are battery-powered de-
vices that generate an aerosol by heating a liquid consisting
of propylene glycol (PG) and vegetable glycerin (VG),
flavoring agents, and nicotine, without combustion.
Accordingly, the production of carcinogens and other toxins
is lower in e-cigarettes compared to combustible cigarettes
[1]. It is for this reason that e-cigarettes have been widely
debated. Some believe that e-cigarettes represent a public
health breakthrough, as the transition from combustible ciga-
rettes to e-cigarettes could prevent smoking-related deaths [2].
Opponents raise concerns that marketing of these devices as
trendy and harmless targets non-smoking youth among whom
e-cigarette use could lead to combustible cigarettes [3]. Given
that the adolescent brain is still developing, nicotine’s neuro-
toxic effects can have a negative impact on cognition, atten-
tion, mood, and prime the brain for dependence of other sub-
stances [4–7]. Thus, the increasing popularity of these
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products among youth is alarming, particularly in the United
States (US), where estimates indicate that more than one in
every four high school students (27.5%) reported using e-
cigarettes in the past month in 2019 [8] (see Fig. 1A).

This review focuses on e-cigarette prevalence rates, trends,
their appeal, perceptions, and measures used to assess these
constructs among youth. Lastly, an overview is provided re-
garding policies and regulations to reduce e-cigarette use

Fig. 1 Timeline of e-cigarette policies, milestones, and youth prevalence
rates in the US, 2011–2020. (A) Federal and state policies governing
youth access to e-cigarettes. (B) E-cigarette industry milestones and
prevalence of current use by US youth. Notable events beginning in
2011 are presented in parallel to available data from the National Youth
Tobacco Survey (NYTS) on youth e-cigarette use [8–10]. (A) US Policy
Timeline. State policies: Data is from the CDC STATE System database
of state-level statutory laws [11] and is current for laws enacted through
September 30, 2020 (2020, Q3). Data was aggregated as the percent of
the 50 US states and District of Columbia that had a law in place or newly
enacted in each year. Local government policies are not reflected. Federal
Policy Milestones: (a) The FDA “deeming rule” goes into effect on
August 8, expanding the Tobacco Control Act (2009) to regulate e-
cigarettes as tobacco products (e.g., MLSA of 18, age verification) [12].
(b) The US Surgeon General and FDA Commissioner declare youth
vaping an “epidemic” [13, 14]. In September, the FDA issues warnings
and fines to 1300+ retailers and top 5manufacturers for illegal youth sales
and marketing [14]. (c) A national EVALI outbreak peaks in September
2019. The CDC reports 2807 hospitalized cases (including 68 deaths) by
February; half of patients are under 24 years old (15% under 18) [15, 16].

(d)The Tobacco 21 law is enacted on December 20, raising the federal
MLSA from 18 to 21 for all tobacco products [17]. (e) On January 2, the
FDA bans the sale of flavored cartridge-based e-cigarettes (excludes
tobacco, menthol) [18, 19]. (f) On February 28, the US House of
Representatives passes the Protecting American Lungs and Reversing
the Youth Tobacco Epidemic Act (HR 2339). The bill awaits Senate
review [20, 21]. (B) US Industry Trends and Prevalence. Youth
prevalence rates: Current e-cigarette use (i.e., any use in the past month)
rates come from NYTS data, 2011–2020 [8–10]. Annual market value:
The annual market value is an industry estimate of the total US sales of e-
cigarette and vapor products [22–27]. We were unable to find reports for
total market value in years 2011, 2012, and 2013. The annual market
value for 2020 is denoted with a dashed line indicating that this was a
projected estimate reported in February 2019 [24]. Industry milestones:
(g) Over 460 e-cigarette brands on the market [28]. (h) E-liquids available
in over 7000 flavors [29•]. (i) Pax Labs introduces JUUL, the first pod
mod [30]. (j) A total of 99% of e-cigarette products sold in the US contain
nicotine [31]. (k) JUUL withdraws in-store sales of flavored pods,
excluding tobacco, mint, and menthol flavors [32]
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among youth. Given their emergence as the most commonly
used tobacco product among US adolescents [33], this review
focuses on this population, although international research is
also discussed. Here, the term “e-cigarettes” refers to vape
pens, cigalikes, mods, or pod mods.

Prevalence

From 2017 to 2019, e-cigarette use with nicotine increased
among US 8th, 10th, and 12th graders, by 9.0, 14.9, and
16.5 percentage points, respectively, reflecting the largest in-
crease for any substance in Monitoring the Future’s 45-year
history [33]. The current annual prevalence rates are 16.5%
(8th graders), 30.7% (10th graders), and 35.5% (12th graders)
[33]. Most youth (63%) are unsure whether their products
contain nicotine [34]. This is problematic, as youth who do
not use other tobacco products are now using e-cigarettes [22].
Thus, many are unknowingly exposed to nicotine through the
initiation of e-cigarettes [22]. Accordingly, in 2018, the US
Surgeon General and Food and Drug Administration (FDA)
declared adolescent e-cigarette use an “epidemic” [13, 14]
(see Fig. 1A). Understanding why youth use e-cigarettes,
and how policies impact use, can help to reduce initiation.

Trends

Since their introduction to the international market in 2004
[35], e-cigarettes have undergone multiple changes [31],
evolving from simple, disposable cigarette alternatives, de-
signed to appeal to adult smokers attempting to quit [36••],
to sleek and modifiable personal accessories, marketed to
youth [36••, 37]. This product evolution contributes to the
adolescent e-cigarette epidemic [31, 36••].

The e-cigarette industry has developed four generations of
devices [30, 38]. First-generation e-cigarettes, touted as
smoking cessation tools, referred to as cigalikes [30], were
mostly disposable, closed-systems (i.e., non-refillable) utiliz-
ing pre-filled cartridges [2, 38]. Second-generation e-ciga-
rettes, generally referred to as vape pens, were slightly larger,
cylindrical models resembling pens [38]. These products
contained stronger batteries and utilized refillable tanks (i.e.,
open-systems), allowing greater variability in throat hit, nico-
tine concentration, e-liquid flavors, and cloud production [2,
39]. These open-systems, and the wide variety of
customizability, may have ignited interest among youth [40,
41].

Third-generation e-cigarettes (i.e., mods) have gained sig-
nificant popularity among youth [41], likely due to their sleek
look andmodifiability [2, 41].Mouthpieces can be specialized
[42]; voltage, wattage, and airflow can be programmed [30];
and atomizer coils (i.e., the heating apparatus) and wicks (i.e.,

what carries e-liquid to the coils) can be modified [43].
Customization allows users to increase flavor, nicotine con-
tent, and aerosol production (i.e., cloud chasing; sub-ohming)
[31, 43], all of which are appealing to youth [29•, 40, 42].

The popularity of mods among youth has been eclipsed by
pod mods (e.g., JUUL, Suorin). These fourth-generation de-
vices charge from a USB port and are concealable, reusable,
and perceived asmore economical than combustible cigarettes
[30]. These attributes, alongside JUUL Lab’s courting of
youth through social media and advertising [36••], have set
these devices apart from other e-cigarettes. In fact, JUUL has
become so popular among youth that the term “JUULing” has
often replaced (e-cigarette) “smoking/vaping” in adolescent
lexicon [36••, 44].

The newest type of e-cigarette is the disposable pod [45].
These products resemble rechargeable pod mods but are dis-
posable after use, and markedly cheaper. These new dispos-
ables gained popularity after the federal ban on flavored vape
pods [46]. Disposable pods, which skirt the federal ban and
are still available in multiple flavors, may appeal to youth as
they are more convenient and economical than rechargeable
pods, but remain highly concealable.

E-liquid types and levels of nicotine have also evolved
[47]. Early generations of e-cigarettes utilized e-liquids com-
posed of freebase nicotine (i.e., nicotine solution added to PG/
VG) [48]. Recently, pod mods utilize nicotine salts (i.e.,
benzoic acid added to raise pH) [30]. This neutralizes the
alkaline activation of protective mechanisms in the throat,
allowing for a more subtle throat hit [48]. This innovation
addresses consumer complaints of throat irritation [36••] while
producing products with three times the amount of nicotine
[48]. Reports indicate that nicotine salts may be a leading
contributor to the high rates of e-cigarette dependence among
youth [49].

The PG/VG ratio of e-liquid solvents has also evolved. E-
liquids designed for later generation products are often higher
in VG. VG-heavy solvents produce larger vapor clouds, as
well as a milder throat hit [30]. Such changes in solvent ratio
hold appeal for youth who report interest in producing large
clouds with decreased throat irritation [47].

Appeal

Research has shown that youth report flavor variety [37], de-
vice modifiability [40], the ability to perform tricks [47], and
concealment from authority figures [50] to be among the pri-
mary appeals of e-cigarettes. Youth find the availability of e-
liquid flavors alluring [40, 51]. Over 7000 e-liquids are avail-
able to appeal to each user’s taste [52]. Over 30% of middle
school e-cigarette users endorsed initiation due to flavoring,
85% of 12–17-year-old users reported their first use was with
a flavored e-liquid, and 90% of adolescent users reported
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current use of flavored e-liquids [29•, 31, 53]. Consistent with
chemosensory science, indicating that youth generally have a
strong preference for sweet flavorings [54], adolescent e-
cigarette users report a preference for fruit and dessert flavored
e-liquids [51]. Moreover, research indicates that preferring
sweet e-liquids is associated with more frequent usage among
youth [55]. Youth also report using e-cigarettes for appetite
control, as many flavored e-liquids mimic high calorie foods
and beverages [56] and provide a nicotine “buzz” thought to
quell food cravings [57]. Furthermore, youth endorse the nic-
otine “buzz” as appealing [29•].

The introduction of mods created a hobbyist appeal for the
e-cigarette enthusiast [58]. Many adolescent e-cigarette users
devote time and money to customize devices [59] to reflect
their individuality. E-liquids can also be modified in a do-it-
yourself (DIY) fashion, allowing customization of nicotine
content, PG/VG ratios, and flavoring [43]. Reasons for engag-
ing in DIY practices among adolescent e-cigarette users in-
clude the following: the ability to increase nicotine concentra-
tions above what is available commercially, lower costs, per-
sonal oversight of quality control, and the creative outlet pro-
vided through design and construction [43].

Performing tricks (e.g., creating smoke shapes) is also ap-
pealing for youth and is often cited as a reason for initiation
[47]. Sponsored competitions and YouTube channels devoted
to such tricks have become popular among youth [47]. To
create the large vapor clouds necessary to perform these tricks,
many adolescent e-cigarette users report dripping e-liquid di-
rectly onto the coil [29•]. This is especially concerning given
that “dripping” elevates nicotine and toxicant levels [29•].

Concealment is another draw of e-cigarettes for youth [44].
E-cigarette vapor does not linger on the breath, clothes, or
environment; thus, its odor is not readily identifiable [50].
JUUL and other pod-type devices (e.g., MarkTen Elite), fur-
thered concealment by designing a device shaped like a USB
[36••]. Given work demonstrating that most parents and
school personnel have difficulty identifying JUULs in photos,
the widespread use of e-cigarettes is unsurprising [30].

Youth Perceptions

The popularity of e-cigarette products among youth warrants
an examination of perceptions that underlie their use.
Understanding how youth perceptions impact e-cigarette use
may help to inform public health messaging.

Positive Expectancies

Positive expectancies such as personal enjoyment, social ben-
efits, and perceived safety, all contribute to adolescent e-
cigarette use [60]. Youth also report e-cigarettes as safe, con-
venient, and socially acceptable alternatives to combustible

cigarettes [60, 61]. Moreover, studies find that enjoyment of
flavored e-cigarettes [55, 62•] and perceptions that sweet fla-
vored e-liquids are less harmful than tobacco flavored prod-
ucts [40, 51, 63] contribute to greater odds of use.

Social influences are primary drivers of positive youth per-
ceptions of e-cigarettes [36••, 62•]. Youth frequently endorse
perceptions of e-cigarettes as “cool” and an expectancy of
social enhancement [37, 47]. E-cigarette users and susceptible
never users were more likely to report perceived social bene-
fits of e-cigarette use, such as having more friends and fitting
in socially [64]. Yet, other findings suggest that the effects of
positive social expectancies on e-cigarette use are diminished
when controlling for other outcome expectancies (e.g., stress
relief) [62•].

Positive perceptions also reflect e-cigarettes as a stress re-
lief tool among youth [60, 62•]. One study found that while
only a minority of youth endorsed social benefits of e-
cigarette use, up to one-third endorsed e-cigarettes as a means
of stress relief [64]. Findings could guide intervention efforts
aimed at providing at-risk youth with alternative outlets to
achieve stress relief.

Negative Expectancies

Youth endorse lower negative expectancies for e-cigarettes
compared to combustible cigarettes [36••, 65••]; with greater
than 40% of youth in one study stating that e-cigarettes are
safer alternatives [64]. Given their relatively short time on the
market, little research exists on the long-term health effects of
e-cigarettes, which may lead to misperceptions regarding their
harm and contents. For example, about 1 in 5 adolescents
believed that e-cigarette vapor is comprised of water [66].
Pod-based e-cigarette systems were also viewed as less harm-
ful than both combustible cigarettes and other ENDS, even
among nicotine-dependent e-cigarette users [67].
Additionally, while the majority of youth believe that JUUL
products are somewhat risky, a significant minority believe
they are risk-free (5.8%) and will not lead to addiction
(7.3%) [68]. Lower perceptions of risk also extend to lower
perceived addictiveness, with fewer than two-thirds of high
school students reporting the possibility of e-cigarette addic-
tion [64]. Furthermore, lower perceived addictiveness of e-
cigarettes predicted e-cigarette use among youth [69]. Youth
e-cigarette users tend to hold lower risk perceptions than non-
users [64, 66, 68, 69].

Yet, there is a promising shift in risk perceptions. Earlier
studies have found that, among both adolescent e-cigarette
users and non-users, e-cigarettes were perceived as less harm-
ful than combustible cigarettes, while recent research finds
them to be perceived as equally or more harmful [60].
Nevertheless, investigations regarding how e-cigarette risk
perceptions contribute to actual use are mixed. That is, some
find that while perceptions of e-cigarette harmmay be present,
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harm perceptions alone are not enough to deter youth [62•,
70].

Measurement

Given that the appeal and attitudes toward e-cigarette use is
unique to adolescents, measures capturing these nuances are
critical. Yet, assessing e-cigarette use among youth is chal-
lenging. This is likely due to evolving terminology, the speed
at which new products develop, and the variations in language
used by consumers versus researchers [71]. Given these con-
siderations, it is not only important that measures reflect con-
structs specific to youth, but including pictures may ensure
that respondents have a clear understanding of what is being
assessed [65••, 71].

Measuring frequency and quantity of e-cigarette use has
been difficult, as use can range from one puff to more contin-
uous daily use. Prior work finds that most researchers only
assess number of days used per month [72], and not number of
sessions per day or length of each session [73]. Assessing both
days and daily sessions may provide a more accurate report of
frequency [73] and distinguish experimentation from regular
use [74]. In contrast, quantity is often not assessed given var-
iations in e-cigarette terminology, device type, and use pat-
terns (e.g., sharing devices) [75–77].

Few validated measures assessing adolescent e-cigarette
behaviors and related constructs exist (see Table 1).
Dependence has been challenging to assess due to various
nicotine concentrations across devices. Interestingly, prior re-
search has found signs of dependence among users who report
using zero nicotine e-liquids [72]. This may be due to a strong
affiliative attachment to e-cigarettes, the mislabeling of prod-
ucts, or the tendency for youth to erroneously conclude that
their own or shared devices are nicotine-free [84].

Measuring e-cigarette attitudes and expectancies among
youth may help inform prevention programing and policies.
While e-cigarettes were initially advertised as cessation tools
for adult cigarette smokers [30], attitudes and expectancies
among youth are more varied. Additionally, adolescents en-
dorsing positive outcome expectancies are more likely to ini-
tiate use compared to those who endorse negative outcome
expectancies [62•, 80]. Thus, measures capturing adolescent
outcome expectancies, such as the Adolescent E-Cigarette
Consequences Questionnaire (AECQ) [79], could identify
youth that are vulnerable to e-cigarette use. One outcome ex-
pectancy unique to e-cigarette use and key to adolescent e-
cigarette curiosity are taste/sensory experiences [82], such as
flavoring (e.g., fruit) [77, 85] and cloud production [82].
While prior research indicates that sensory expectancies are
especially salient among youth [86], few measures assess this
construct with one notable exception, i.e., the Sensory E-
cigarette Expectancies Scale [82].

Measures assessing e-cigarette attitudes can also provide
information regarding adolescent vulnerability to e-cigarette
use initiation [65••]. Namely, assessing perceptions of benefits
(e.g., social status), harm (e.g., health risks), addiction poten-
tial, and social norms (e.g., injunctive and descriptive) should
be tailored to adolescents [65••]. The Electronic Cigarette
Attitude Survey (ECAS) [83], which assesses attitudes to-
wards e-cigarettes, has been validated among adolescents.

Policy

Due to the potential adverse health consequences of e-
cigarette use, government regulations are needed to mitigate
youth access to e-cigarettes. Much like those enacted in re-
sponse to the tobacco industry, policies sanctioned across the
globe to combat youth e-cigarette use include sales restric-
tions, minimum legal sales age (MLSA) laws, marketing re-
strictions, and product regulations [87]. The World Health
Organization (WHO)’s 2014 report on e-cigarettes recom-
mended that regulation is needed to prevent initiation by
non-smokers, minimize potential health risks until greater
clarity in research is achieved, prohibit unsubstantiated health
claims about their utility, prevent the influence of tobacco
industry on policy, and expand availability of cessation pro-
grams [88]. Even with mounting research on e-cigarette health
risks, the degree of government regulation varies across coun-
tries, ranging from no oversight to complete prohibition ([87,
89], see Table 2).

Until recently, e-cigarettes remained largely exempt from
the Food and Drug Administration (FDA)’s federal regulation
of tobacco products. Recognition of youth e-cigarette use as
an epidemic [8, 13], catalyzed by the emergence of e-cigarette,
or vaping, product use–associated lung injury (EVALI) in
2019 [15, 16], provided a critical call-to-action for
policymakers to enact legislation to mitigate adolescent e-
cigarette use harms. Within the US, federal and state regula-
tions have built on existing laws that govern traditional tobac-
co products. Thus, e-cigarette policies are framed within
existing cigarette policies with a focus on efforts to curb ac-
cessibility and appeal by regulating youth sales, marketing/
advertising, and flavoring [90].

Federal and State Regulations

FDA regulations of e-cigarettes expanded upon the authority
of the 2009 Family Smoking Prevention and Tobacco Control
Act, which granted the FDA authority over the sales and dis-
tribution of tobacco products, and, most notably, first
established a national MLSA law of 18 years for combustible
cigarette and smokeless tobacco [91]. FDA regulations of e-
cigarettes began in 2016 with the “deeming rule” determina-
tion that the sale and distribution of e-cigarette products fall
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under the agency’s current authority [12]. Recently, the FDA
announced its intent to limit unauthorized cartridge-based e-
cigarette flavoring [90] and marketing strategies promoting
adolescent e-cigarette use [18]. Despite its progress, the
FDA’s role has remained limited in the face of litigation by
the tobacco industry [20, 92], and their regulatory efforts con-
tinue to lag behind e-cigarette use trends. For example, current
FDA regulation does not apply tomenthol, refillable, or sealed
disposable products [20]. Accordingly, policymakers have un-
dertaken the responsibility of regulating youth e-cigarette use
at the state and local level. For instance, state-level MLSA
legislation began in 2010, driving a public health initiative
adopted by 48 states in advance of the FDA’s 2016 deeming
rule expansion [93]. While state-by-state variation in specific
legislation remains significant (see Fig. 1B) [11], stricter
MLSA regulation, flavor bans, and marketing and sales re-
strictions have become pillars of a policy approach designed
to reduce access and the appeal of e-cigarettes.

Major Policy Types and Effectiveness

Sales Age Restrictions

Some posit that increased control of e-cigarette sales may limit
youth accessibility. Accordingly, in 2019, Tobacco 21

legislation made the sale of any tobacco product, including
e-cigarettes, illegal to anyone under 21 across the US [17].
This legislation has become the topic of much investigation.
For example, one study found that MLSA laws enacted
through 2015 were associated with an increase in youth com-
bustible cigarette smoking [93]. This increase may represent
an unintentional post-policy consequence of restricting youth
e-cigarette access [93]. Yet, other studies found no association
between e-cigarette use and state-level MLSA, and even
higher rates of e-cigarette use in states with smoke-free tobac-
co legislation [94, 95]. Thus, limiting youth access to e-
cigarettes alone may inadvertently redirect behavior to other
tobacco products.

Restrictions on Flavoring

The rise in youth e-cigarette use is largely attributed to the
appeal of flavored products [40, 51]. Though the Tobacco
Control Act banned flavored cigarettes (excluding menthol)
in 2009 [12], this legislation did not cover other tobacco prod-
ucts and left open a loophole in which the e-cigarette industry
came to thrive among youth [96, 97]. Amidst building pres-
sure, in 2018, JUUL Lab halted in-store sales of all flavors
excluding tobacco, menthol, and mint [32]. Subsequently,
sales of their menthol and mint products increased

Table 1 Validated measures to assess e-cigarette dependence, outcome expectancies, and attitudes

Construct Measure Target
population

Number
of items

Sample items

Dependence Patient-Reported Outcomes Measurement
Information
System Nicotine Dependence Item Bank
for E-Cigarettes (PROMIS-E) [78]

Adolescents 4 “I find myself reaching for my e-cigarette without
thinking about it.”

“I vape more before going into a situation where
vaping is not allowed.”

Penn State E-Cigarette Dependence Index
(PS-ECDI) [72]

Adults 10 “How many times per day do you usually use your
electronic cigarette?”

“Do you sometimes awaken at night to use your
electronic cigarette?”

Outcome
expectancies

Adolescent E-Cigarette Consequences
Questionnaire (AECQ) [79]

Adolescents 28 “Smoking e-cigarettes will help calm an angry person
down.”

“E-cigarettes taste good.”

Untitled measure [62•] Adolescents
and young
adults

19 “If I were to use an e-cigarette or other vaping device, I
would like it.”

“If I were to use an e-cigarette or other vaping device, I
would worry about my health.”

Revised youth e-cigarette outcome
expectancies measure [80]

Young adults 55 “E-cigarettes hurt your lungs.”
“E-cigarettes smell good.”

Short Form Vaping Consequences
Questionnaire (S-VCQ) [81]

Adults 21 “By vaping I risk heart disease and lung cancer.”
“I will enjoy feeling an e-cigarette on my tongue and

lips.”

Sensory E-Cigarette Expectancies Scale
(SEES) [82]

Adults 9 “I like the smell of vapor.”
“I like how vaping makes me feel good physically.”

Perceptions/attitudes Electronic Cigarette Attitudes Survey
(ECAS) [83]

Adolescents 12 “E-cigarettes are less harmful to a person than regular
cigarettes.”

“E-cigarettes allow people to show their individuality
and personality by customizing their products.”
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significantly [32]. As such, “self-regulation” efforts by the e-
cigarette industry may be insufficient and point to the need for
policy measures, such as a ban on all flavored e-cigarette
products.

Effective February of 2020, the FDA took action by issuing
a ban on all non-tobacco and non-menthol-flavored cartridge-
based e-cigarette systems [90]. However, the ban notably
omits e-liquids and disposable devices, raising concerns that
youth may simply switch to other products not covered by the
partial ban [98]. Independent of the FDA, nine states instituted
actions to halt the retail of all flavored e-cigarettes, which
were met with legal opposition and overruling in district
courts [90].

Marketing and Advertising

The e-cigarette industry has spent hundreds of millions of US
dollars on marketing and advertising in stores, online, and
through media outlets, using appealing flavors, attractive

product labels, and branding to appeal to youth [22, 23]. A
lack of early regulation of e-cigarette marketing likely contrib-
uted to widespread youth uptake [22, 96]. In 2016, over three-
quarters of US youth reported exposure to e-cigarette adver-
tising [99]. Unlike heavy restrictions in place governing the
marketing of traditional tobacco products, equivalent federal-
level regulations governing e-cigarette marketing have not
been implemented [34]. Thus, the WHO and other public
health officials recommended strict regulation of advertising/
marketing.

Sales Taxes

Due to adolescents’ sensitivity to pricing, sales taxes on other
tobacco products have been effective in reducing youth pur-
chasing [22]. Yet, tobacco companies have responded to these
mandates by reducing the baseline costs of cigarettes [22]. The
Surgeon General and the WHO similarly recommend an e-
cigarette sales tax [22, 87, 100]. However, e-cigarettes

Table 2 Overview of laws currently implemented globally to regulate e-cigarette products

Category Description Country-level implementation

No. of
countries
[89]

US Federal Law?

MLSA Where sales are legal, minimum age to purchase e-cigarettes
(between 18 and 21 years)

45 Yes
− “Deeming rule” (2016) set MLSA to 18 [12]
− “Tobacco 21” (2019) raised it to 21 [17]

Sales Regulation on sales (i.e., pre-marketing authorization required,
restrictions on sales across border and in specific locations)

49 Yes
- “Deeming rule” (2016) [12, 22]

Sales ban for all e-cigarette products (*only nicotine-containing
products)

30 (*4) No

Marketing Ban or regulation of advertising and promotion (*only
nicotine-containing products)

69 (*8) Yes

Packaging Requirements for child-resistant packaging 32 Yes
- Child Nicotine Poisoning Prevention Act

(2015) [22]

Required health warnings (i.e., “This product contains nicotine”) 40 Yes
- 2016 “deeming rule” [12]

E-liquid product
regulation

Regulations of nicotine concentration 35 No

Ban of other harmful e-liquid ingredients 33 No

Regulation of quality of ingredients, required safety and quality
evaluations, flavor ban or regulation

33 No*
- *FDA partial flavor ban of cartridge-based

products only [19]

Reporting/notification Pre-marketing notification, annual sales reports required 35 Yes*
- “Deeming rule” (2016); announced as

enforcement priority in 2020 [12, 19]
- *Federal Trade Commission requested

sales, marketing reports from
manufacturers in October 2019 [34]

E-cigarette tax Any tax on e-cigarette sales (e.g., based on amount of e-liquid,
nicotine, price)

16 No

Smoke-free air policy Ban or restriction of e-use in public areas or workplaces 55 No

Country-level policies regulating e-cigarettes are aggregated by the Institute for Global Tobacco Control, current as of May 18, 2020 [89]

503Curr Addict Rep (2020) 7:497–508



regulated by the FDA as tobacco products are not subject to
the federal tax code for tobacco products, which falls under
the regulatory authority of the Department of Treasury’s
Alcohol and Tobacco Tax and Trade Bureau [22, 98]. E-
cigarette taxes have not yet been widely adopted internation-
ally (see Table 2) [89] and are only enforced in half of US
states (see Fig. 1B) [11].

Sales

Restrictions to govern in-person e-cigarette sales to underage
youth vary in severity across the US, including penalties to
businesses (i.e., monetary fines) and laws that ban and/or pe-
nalize youth for e-cigarette purchase, possession, or use (see
Fig. 1B) [101]. The federal response to the youth vaping ep-
idemic notably included a crackdown by the FDA, with thou-
sands of citations submitted to retailers [14]. Nevertheless,
retailers have violated these laws, with one study finding that
over 40% of vape shops in California sold e-cigarettes to un-
derage buyers [101].

Online Sales

Online access to tobacco products represents another regula-
tory loophole, which has inadvertently resulted in an increase
in online sales to youth [32, 102, 103]. A 2015 study found
that, of 98 attempts by youth to purchase e-cigarettes online,
only five were rejected due to age verification [103]. A study
conducted in 2017 found that, of 68 youth online cigarette
purchase attempts, none were rejected [102]. Despite policies
in place to regulate internet tobacco sales (i.e., age verifica-
tion), enforcement remains difficult, as the majority of online
vendors are overseas [102, 103].

Policy Considerations and Future Directions

Despite their shortcomings, there is evidence suggesting that
regulations targeting youth e-cigarette access have been effec-
tive. Still, policymakers must take into consideration possible
adverse consequences of over-regulation. Additional mea-
sures, such as the Protecting American Lungs and Reversing
the Youth Tobacco Epidemic Act of 2020 (HR 2339), seek to
curb youth nicotine addiction by expanding FDA regulations
to cover e-cigarettes and imposing several restrictions on to-
bacco (including e-cigarette) products and sales [20, 21]. The
legislation would prohibit all flavoring (excluding tobacco) in
tobacco products, ban online sales of all tobacco products, and
impose nicotine taxes for e-cigarettes [20]. Yet, advocacy or-
ganizations express concern that proposed restrictions via HR
2339’s expanded flavor ban may disproportionately affect
communities of color, who use mostly menthol-flavored to-
bacco products, by emphasizing criminalization over harm

reduction [104]. Thus, lawmakers should prioritize targeting
the manufacture and sale, not the use, of illegal e-cigarette
products.

Conclusions

The rise in youth e-cigarette use has been staggering, especial-
ly in the US [8]. Although e-cigarette companies firmly assert
that their primary mission is to provide a safer alternative to
adult cigarette smokers, the industry has seized the opportuni-
ty to hook a younger, more vulnerable generation on nicotine
who have previously evidenced historically low smoking
rates. E-cigarette companies have appealed to youth through
marketing reflecting messages that their products deliver a
harm-free sensory experience through a multitude of e-liquid
flavorings and the ability to perform tricks, offer an opportu-
nity to promote one’s individuality through customization,
and provide an effective method to gain social status. This
range of appealing features presents a challenge for re-
searchers wanting to assess e-cigarette behaviors and attitudes,
which has contributed to a lack of validated measures specific
to adolescent e-cigarette use. Moreover, innovations in more
effective nicotine delivery systems that increase nicotine con-
centration levels while minimizing throat irritation have also
contributed to increased rates of nicotine dependence. This is
especially concerning given that low levels of nicotine expo-
sure during adolescence can have a profound impact on neu-
rochemistry and behavior (e.g., decreased cognitive function,
enhanced drug reward), which contribute to the development
of nicotine dependence, as well as substance use disorders [4,
6].

Notable gaps in regulation also contribute to the rise of e-
cigarette use among youth. Namely, e-cigarette companies
profited by open loopholes that circumvented policies
restricting access to these products among youth, such as sales
age restrictions and marketing. Research indicates that coun-
tries that extensively regulate e-cigarettes through policies fo-
cused on taxation, requiring warning labels, and prohibiting
sales to minors demonstrate remarkably low prevalence rates
among youth compared to the rapid escalation seen amongUS
counterparts [87, 105]. If left unchecked, the rates of e-
cigarette use among this vulnerable population are likely to
continue rising and undo previous successes in reducing rates
of adolescent cigarette use. Moving forward, it is paramount
that regulatory gaps are addressed through targeted legislation
focused on governing product flavoring, prohibiting adver-
tisements and promotions, and enforcing e-cigarette taxes
and smoke-free indoor air policies. Policymakers should con-
sider comprehensive regulations that prioritize harm reduction
while harmonizing with the evolving e-cigarette product
landscape.
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