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ABSTRACT

Background and aims Reports of youth e-cigarette use often do not disaggregate by underlying smoking status. This
study compared annual 2014–19 youth estimates of past 30-day e-cigarette use prevalence and frequency by smoking
status in the United States. Design Nationally representative, cross-sectional, school-based survey [National Youth
Tobacco Surveys (NYTS)]. General linear models accounting for complex survey design compared e-cigarette use
prevalence by smoking status by year, overall and stratified by frequency, separately for high school (HS) andmiddle school
(MS) students. The 2019 survey was analyzed separately because of its change in survey methodology. Setting MSs and
HSs in the United States. Participants A total of 116 704 students from 1268 schools, ages 9–19.

Measurements Students self-reported (paper 2014–18, electronic 2019) ever and past 30-day (current) use of
e-cigarettes and cigarettes, as well as frequent use (20–30 days of month). Findings From 2014 to 2018, current
e-cigarette use prevalence increased among never, current and former smokers in HS, but only among never and current
smokers in MS (each P-value < 0.001). E-cigarette use increases for current HS smokers were primarily among frequent
e-cigarette users. In 2018, the absolute number of HS frequent users who were never or former smokers (420 000
combined) surpassed current smokers (370 000). In 2019, current e-cigarette use prevalence for never, former and
current smokers was 17.5% [95% confidence interval (CI) = 16.0–19.0], 53.6% (95% CI = 45.2–61.9) and 85.8%
(95% CI = 81.6–89.9) for HS students, respectively, and 6.8% (95% CI = 5.9–7.7), 40.8% (95% CI = 34.7–47.0) and
78.0% (95% CI = 71.9–84.2) for MS students. That year, the number of HS never (420 000) and former smokers
(570 000) using e-cigarettes frequently eclipsed that of current smokers (390 000). Conclusions E-cigarette use
prevalence and frequency among youth vary by smoking status, with highest levels of use among current smokers.
However frequent e-cigarette use among never smokers and former smokers has increased.
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INTRODUCTION

Surveys show unprecedented increases in e-cigarette use
among United States youth since 2017 [1–4]. High school
students’ e-cigarette use increased in 2018, with 20.8% of
high school students reporting use of an e-cigarette within
the past month [2]. In 2019, that increased to 27.5% [4];
however, patterns of e-cigarette use among youth differ
dramatically by smoking status, with much higher rates

of use among current smokers compared to never smokers
[5–8]. E-cigarette use is more common among youth who
have already used other tobacco products [9]. For young
people who smoke cigarettes and use e-cigarettes, their
cigarette use presents the greater health risk. However,
e-cigarettes present new health risks for young people
who have never smoked or used tobacco products, because
99% of them contain nicotine [10]. Data from the 2018
National Youth Tobacco Survey (NYTS) show that use of
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e-cigarettes rose among youth who were naive to other
tobacco products [11]. However, the 2018 NYTS data
probably underestimated e-cigarette use due to the exclu-
sion of JUUL from the list of examples for e-cigarettes—only
in 2019 did the survey begin to explicitlymention ‘JUUL’ as
a type of e-cigarette [4].

Public health leaders are especially concerned that
never smoker youth might become addicted to nicotine
through e-cigarettes, and that flavors could be the ‘on-
ramp’ to addiction [12]. In response to rising e-cigarette
use among youth and an outbreak of e-cigarette lung inju-
ries [primarily attributed to off-market tetrahydrocannabi-
nol (THC) vaping liquid] [13], several states enacted
emergency rules to temporarily restrict sales of flavored
e-cigarettes, and the Food and Drug Administration (FDA)
removed certain flavored cartridge-based e-cigarettes,
such as JUUL [14,15].

For never smoking youth who use e-cigarettes, the
extent to which they are at risk for nicotine addiction, in
theory, depends on their frequency of exposure. Research
from 2014 to 2015 showed that high e-cigarette use
frequency was concentrated predominately among youth
who already use combustible tobacco products, with very
low levels of frequent e-cigarette use among never smokers
[7,9,16]. Data from the 2014 Monitoring the Future
survey also showed that, among non-smoking high school
students who use e-cigarettes, most used them on 1–2 of
the past 30 days [3]. Frequent use of e-cigarettes is
associated with nicotine dependence among youth [17],
although never smokers who are using e-cigarette
infrequently may not be addicted to nicotine. An analysis
of data from the 2015–17 NYTS examined frequency of
e-cigarette use among all students, but did not disaggregate
results by smoking status [18]. If e-cigarette use frequency
has been increasing among never smokers over time, that
could present cause for concern.

In this study, we compare past 30-day use of
e-cigarettes for high school (HS) and middle school (MS)
students in the 2014–19 NYTS surveys by year and
smoking status (never, current, former), overall and strati-
fied by frequency of e-cigarette use. We considered HS and
MS students separately because they represent distinct age
groups, cultures and, typically, physical locations and have
different tobacco use patterns.

METHODS

Design and participants

The NYTS data offer timely information on trends in to-
bacco product use among youth and can monitor changes
in both frequent, current and ever use of e-cigarettes. The
NYTS is a nationally representative, school-based cross-
sectional survey conducted among MS (grades 6–8; pri-
marily aged 11–13 years) and HS (grades 9–12; primarily

aged 14–18 years) students that collects information about
tobacco-related behaviors. It uses a stratified, three-stage
cluster sampling procedure accounting for primary sam-
pling units, schools and students [19–21]. It is a voluntary,
self-administered, pencil-and-paper (2014–18) survey
conducted in public and private schools with response
rates (sample sizes; number of participating schools) as fol-
lows: 2014: 73.3% (22 007; 207); 2015: 63.4% (17 711;
185); 2016: 71.6% (20 675; 202); 2017: 68.1% (17 872;
185); 2018: 68.2% (20 189; 238); and 2019: 66.3% (19
018; 251). Unlike previous survey years, the 2019 NYTS
was conducted using electronic data collection for the first
time instead of paper-and-pencil questionnaires. Additional
details can be found on-line [19].

Measures

Beginning in 2014, the NYTS measured frequency of
e-cigarette use with the question: ‘During the past 30 days,
on how many days did you use electronic cigarettes or
e-cigarettes such as Blu, 21st Century Smoke, or NJOY?’,
with seven possible response options: 0 days, 1–2 days,
3–5 days, 6–9 days, 10–19 days, 20–29 days and all
30 days. In 2015, language describing specific brands
‘such as Blu, 21st Century Smoke, or NJOY’ was removed
from the question, and then from 2016 to 2019, the ques-
tion was revised to simply ask: ‘During the past 30 days, on
howmany days did you use e-cigarettes?’. NYTS data from
2014 to 2018 may potentially underestimate e-cigarette
use among youth, because the NYTS did not make explicit
mention of the JUUL brand in its questions about
e-cigarette use until 2019. The 2019 NYTS added the
brand example ‘JUUL’ in 2019 by prompting students with:
‘The next several questions are about electronic cigarettes
or e-cigarettes. Some brand examples include JUUL, Vuse,
MarkTen, and blu.’ Among those who reported any
e-cigarette use in the past 30 days, three frequency use cat-
egories are considered: infrequent (1–5 days), moderate
(6–19 days) and frequent (20–30 days). Because of low
numbers, we collapsed moderate and frequent use among
MS students. Current use of e-cigarettes is defined as any
use within the past 30 days.

Smoking status was assessed with the question: ‘Have
you ever tried cigarette smoking, even one or two puffs?’.
‘Never smokers’ are those who responded ‘no’. Youth
who have smoked cigarettes at all within the past 30 days
are considered to be ‘current smokers’. ‘Former smokers’
are those who responded ‘yes’, but who have not smoked
at all within the past 30 days. Distributions of e-cigarette
use frequency among never, former and current smokers
for MS and HS students were calculated. We focus on ciga-
rette smoking because it is the leading cause of preventable
death [22], and therefore the target of most tobacco pre-
vention efforts. This also allows us to provide results that
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can be compared with previous reports [5,7]. However
e-cigarette users may also be co-using with other combus-
tible tobacco products, such as cigars, pipe tobacco,
hookah or bidis. For parallel results with respect to all com-
bustible tobacco products, see the Supporting information.

Analyses

We calculated the weighted prevalence of past 30-day
e-cigarette use in each year for MS and HS students of each
smoking status, overall and by e-cigarette use frequency.
Using general linear models with a logit link function and
accounting for complex survey design, we estimated the ef-
fects of year alone and then smoking status, year and inter-
actions between smoking status and year on past 30-day
e-cigarette use prevalence, overall and stratified by
e-cigarette use frequency. Models were not adjusted to
eliminate non-significant interaction terms. We developed
these models for MS and HS students separately. Each of
these models simultaneously test for differences between
smoking status and across survey years. All analyses ac-
count for the complex survey design of NYTS by incorpo-
rating the provided primary sampling units (PSU), strata
and weights using the ‘survey’ package in R version 4.0.
Statistical testing used the ‘car’ package [23–25]. P-values
given in the text and tables represent tests of the specific
comparisons indicated rather than of main effects or inter-
action effects per se. The NYTS 2019 data are excluded
from the statistical models, because the change in the
NYTS format from paper to electronic beginning in 2019
prohibits direct statistical comparison with previous years.

Consistent with national reports [3], results were sup-
pressed when the unweighted denominator was < 50 or
when the relative standard error was> 30% to exclude es-
timates that could be statistically unreliable. Those with
missing data for e-cigarette use and cigarette smoking were
treated as missing observations. Because each sample is
nationally representative, we estimated the total number
of students that each weighted prevalence corresponds to
nationally, as specified by the survey, rounded-down to
the nearest 10 000 people. This analysis was not pre-regis-
tered, and the results should be considered exploratory.

RESULTS

Table 1 describes the sample (116 704 students from 1268
schools), including sex, age (9-19), grade, race/ethnicity,
smoking status and e-cigarette use status, stratified by year
and HS versus MS. Missing data on smoking status
accounted for ≤ 3% of samples; for e-cigarette use status
they accounted for ≤ 2.0%.

Prevalence by year and smoking status is given for both
HS and MS students in Table 2. Among all students from
2014 to 2018, past 30-day use of e-cigarettes increased

(P-value < 0.001) among HS students from 13.4 to
20.8%, but did not significantly change (P-value = 0.11)
for MS students (3.9% in 2014 and 4.9% in 2018). Al-
though the data are not directly comparable with preced-
ing years, in 2019 more than a quarter of HS students
and more than one in 10 MS students used e-cigarettes
in the past month.

From 2014 to 2018, past 30-day e-cigarette use preva-
lence varied significantly by smoking status—with the
highest prevalence among current smokers and the lowest
among never smokers—for both HS students (P-value for
never versus current user: < 0.001; for never versus for-
mer user: < 0.001; current versus former user: < 0.001)
and MS students (P-value for never versus current user:
< 0.001; for never versus former user: < 0.001; current
versus former user: < 0.001). Prevalence increased be-
tween 2014 and 2018 for HS students of all smoking sta-
tuses: 4.7–11.7% for never smokers, 23.0–38.9% for
former smokers and 56.6–71.0% for current smokers.
The largest jump in prevalence for each group occurred be-
tween 2017 and 2018. Although not directly comparable
with preceding years, 2019 estimates show that 17.5%
of never smokers, 53.6% of former smokers and 85.8% of
current smokers in HS used e-cigarettes in the past month.

For MS students, 30-day e-cigarette use prevalence was
lower than for HS students overall. Prevalence increased
between 2014 and 2018 for MS never smokers
(1.4–2.8%) and current smokers (45.8–72.8%), but not
for former smokers (14.6–14.6%). Again, the greatest
single-year increase for never and current MS smokers
was 2017–18. Data from 2019 show that among MS stu-
dents, 6.8% of never smokers, 40.8% of former smokers
and 78.0% of current smokers used e-cigarettes in the past
month.

In Tables 3 (HS) and 4 (MS), we stratify prevalence by
frequency of e-cigarette use. Between 2014 and 2018,
prevalence of use increased significantly for never smokers
in each frequency group (each P-value < 0.001). For for-
mer smokers, the increases were significant for moderate
and frequent use only (P-values = 0.003,< 0.001). When
testing for year-to-year increases, significant changes oc-
curred in infrequent, moderate and frequent e-cigarette
use from 2017 to 2018 among never and former smokers.
For current smokers, only prevalence of frequent use in-
creased significantly (P-value < 0.001) and, again, the
year-to-year increase was significant from 2017 to 2018
(15.2–32.7%); no other years had a significant difference.
Although the prevalence of frequent e-cigarette use among
HS student has been highest among current smokers, the
estimated absolute number of frequent e-cigarette users
who are never (170 000) or former (250 000) smokers to-
gether surpassed the number of frequent e-cigarette users
who are current smokers (370 000) in 2018. The 2019
data show that among HS students, while the prevalence
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of frequent use remains lower among never and former
smokers (3.7 and 23.2%) compared to current smokers
(46.1%), the absolute number of never smokers (420
000) and former smokers (570 000) using e-cigarettes fre-
quently exceeds that of current smokers (390 000).

For MS students (Table 4), prevalence of both
infrequent and moderate–frequent use increased signifi-
cantly between 2014 and 2018 for never smokers
(P-values = 0.004,< 0.001), while no significant increase
was observed for any frequency category for former
smokers. Moderate-to-frequent use increased for current
smokers (P-value = 0.004). By 2018, 0.6% of
never smokers, 5.7% of former smokers and 43.4% of
current smokers were moderate–frequent e-cigarette
users. The 2019 data show that 1.8% of never smokers
(180 000 MS students), 17.9% of former smokers (120
000) and 41.7% of current smokers (110 000) used
e-cigarettes on a moderate–frequent basis.

Findings by combustible tobacco use status are similar
to those by smoking status: past 30-day and frequent
e-cigarette use prevalence is highest among current com-
bustible tobacco users, followed by former combustible to-
bacco users, and lowest among those who have never

used combustible tobacco (Supporting information,
Tables S1–S3).

DISCUSSION

In 2019, it was reported that current e-cigarette use in-
creased to 27.5% among HS students and 10.5% among
MS students [4], but these estimates mask large differences
by underlying smoking status. During that year, we find
the prevalence of e-cigarette use was 17.5, 53.6 and
85.8% for never, former and current smokers in HS, re-
spectively, and 6.8, 40.8 and 78.0% for never, former and
current smokers inMS, respectively. These results highlight
the importance of understanding e-cigarette use not as a
stand-alone product, but rather as part of a complex to-
bacco product landscape.

While e-cigarette use increased overall between 2014
and 2018 for HS students (13.4–20.8%), it did not for
MS students (3.9–4.9%). These results belie differential
patterns by smoking status and e-cigarette use frequency.
Among MS students, there were significant increases over
this period for never and current smokers but not for for-
mer smokers (although the 2019 data suggest a much

Table 4 Past 30-day e-cigarette use frequency among middle school students by smoking status, National Youth Tobacco Survey
2014–2019.

Year None n Wtd n Infrequenta n Wtd n Moderate or frequent n Wtd n

Never smokers
2014 98.5 (98.1–99.0) 8762 10 110 000 1.3 (0.9–1.7) 131 130 000 0.2 (0.1–0.3) 23 10 000
2015 97.7* (97.2–98.2) 6913 10 150 000 1.9* (1.5–2.3) 160 190 000 0.4 (0.2–0.6) 40 40 000
2016 98.3* (98.0–98.7) 8194 10 190 000 1.4* (1.0–1.7) 108 140 000 0.3 (0.2–0.4) 27 30 000
2017 98.7 (98.3–99.0) 6589 10 540 000 1.2 (0.8–1.5) 79 120 000 –

b
– –

2018 97.2* (96.6–97.8) 7801 10 280 000 2.1* (1.7–2.6) 184 220 000 0.6* (0.3–0.9) 50 60 000
2019c 93.2c (92.2–94.1) 7513 10 080 000 5.1c (4.3–5.8) 399 550 000 1.8c (1.4–2.1) 143 180 000
Former smokers
2014 85.4 (81.0–89.8) 668 760 000 10.9 (7.4–14.5) 96 90 000 3.6 (1.8–5.4) 37 30 000
2015 80.2 (76.0–84.5) 460 700 000 15.6 (11.5–19.6) 89 130 000 4.2 (2.5–5.9) 31 30 000
2016 83.8 (80.7–86.9) 585 710 000 10.8 (8.0–13.5) 77 90 000 5.4 (3.4–7.5) 36 40 000
2017 88.0 (84.8–91.3) 382 550 000 9.1 (6.0–12.3) 40 50 000 – – –

2018 85.4 (81.3–89.5) 415 510 000 8.9 (5.6–12.3) 53 50 000 5.7* (3.2–8.1) 32 30 000
2019c 59.2c (53.0–65.3) 326 410 000 22.9c (18.4–27.4) 126 160 000 17.9c (12.8–23.1) 91 120 000
Current smokers
2014 54.2 (39.1–69.4) 117 150 000 23.2 (15.3–31.0) 78 60 000 22.6 (12.6–32.5) 62 60 000
2015 39.9 (29.3–50.5) 74 100 000 29.0 (19.7–38.3) 53 70 000 31.1 (22.1–40.1) 63 70 000
2016 42.2 (31.3–53.1) 79 100 000 28.2 (19.1–37.4) 51 70 000 29.6 (22.1–37.1) 57 70 000
2017 41.4 (30.9–52.0) 84 90 000 28.9 (17.4–40.4) 52 60 000 29.7 (20.4–39.0) 50 70 000
2018 27.2* (19.8–34.6) 58 50 000 29.4 (21.7–37.1) 44 50 000 43.4* (33.5–53.3) 58 80 000
2019c 22.0c (15.8–28.1) 47 50 000 36.4c (28.7–44.1) 63 90 000 41.7c (32.4–50.9) 77 110 000

Numbers in parentheses represent 95% confidence intervals. Wtd = weighted. Estimated total number of users was rounded down to the nearest 10 000
people. Past 30-day use of e-cigarettes was determined by asking: ‘During the past 30 days, on how many days did you use e-cigarettes?’. Smoking status
is assessed with the question: ‘Have you ever tried cigarette smoking, even one or two puffs?’. ‘Never smokers’ are those who responded ‘no’ and ‘former
smokers’ are those who responded ‘yes’, but report no smoking in the past 30 days. Youth who have smoked at all within the past 30 days are considered
to be ‘current smokers’.

*
P-value < 0.05 for the difference in prevalence compared to the previous year in a general linear model simultaneously testing the

effect of smoking status, year, and the interaction between smoking status and year.
a
Infrequent = used e-cigarettes 1–5 days in the past 30 days; moderate

or frequent = 6–30 days.
b
Dashes indicate estimates that are unreliable because the relative standard error was> 30% or the unweighted denominator was

< 50.
c
Data from 2019 are not directly comparable with estimates in previous years due to changes in the National Youth Tobacco Survey (NYTS) format

from paper to electronic.
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higher prevalence for MS former smokers). Among HS stu-
dents, increases in prevalence of use were seen for all fre-
quency categories for never and former smokers. Among
current smokers, however, the increase has been almost
entirely among frequent users. This result underscores dif-
ferential e-cigarette use behavior for dual users of cigarettes
and e-cigarettes compared to exclusive cigarette users, and
may reflect differential nicotine dependence. These results
also highlight that interventions intended to reduce
e-cigarette use will probably need to distinctly target
smokers and non-smokers.

Interventions need to consider which groups are most
at risk, which requires consideration of both numbers of
people andmagnitudes of potential harm. Across all survey
years, the vast majority of HS never smokers did not use
e-cigarettes at all or used e-cigarette infrequently. Frequent
use of e-cigarettes among never smoker HS students con-
tinues to be rare. Nevertheless, the proportion of HS never
smokers who used e-cigarettes frequently increased more
than threefold from 2017 to 2018, representing an in-
crease from 50 000 students in 2017 and to 170 000 by
2018. The number of corresponding HS current smokers
using e-cigarettes frequently more than doubled from
160 000 to 370 000. Thus, despite the lower prevalence
of frequent use among never smokers, the rate of change
in their absolute numbers surpassed that of current
smokers by 2018. Researchers attribute 2017–18 in-
creases to rising JUUL use in particular [2,3,26]. With the
2019 NYTS redesign and inclusion of JUUL in its question-
naire, an estimated 420 000 HS never smokers were using
e-cigarettes frequently, surpassing the 390 000 of HS
frequent users who also smoked cigarettes. Hence,
e-cigarette initiation among never smokers remains an
acute concern. The extent to which these never smoker
youth are nicotine-dependent is unclear, although other
research on cigarettes, cigars and smokeless tobacco have
found frequency of use to be associated with symptoms of
tobacco dependence [27].

Health authorities also need to consider the different
potential harms of e-cigarettes to never and current
smokers. E-cigarette use could reduce the harms of com-
bustible tobacco for current smokers if it were associated
with reduced cigarette smoking, but could also interfere
with quit attempts by maintaining nicotine addiction.
E-cigarettes may cause nicotine addiction in never smokers
and could potentially catalyze initiation to combustible
products, yet rising e-cigarette use is occurring simulta-
neously with decreases in smoking prevalence [28,29].
More research is needed to understand the real-world im-
pact of e-cigarettes on youth never versus current smokers.
US public health authorities have expressed concern about
the impact of nicotine on the developing brains of young
people, regardless of its source [30]. E-cigarette users who
are current smokers are already exposed to high levels of

nicotine through their smoking, while the majority of
never-smoking youth use e-cigarettes infrequently and
probably have limited or at least lower levels of nicotine ex-
posure compared to the smaller fraction of never users who
use e-cigarettes frequently. Frequency of e-cigarette use
does not correspond perfectly with nicotine exposure, given
the diversity of e-cigarette devices that exist and patterns of
use that vary from person to person. However, frequency
measures for e-cigarette use among adolescents have been
shown to correlate with cotinine, a biomarker for nicotine
exposure [31]. The 490 000 HS never smokers using
e-cigarettes on more than 20 days of the month in 2019
may be experiencing nicotine addiction and should be con-
sidered targets for public health interventions. These
should complement ongoing efforts to help the 5.8%
(860 000) and 2.3% (270 000) of HS and MS smokers to
quit [32].

Nicotine exposure among never smoker youth is
changing due to both the rise in ever and frequent use of
e-cigarettes and new developments in the e-cigarette
market-place. The average nicotine concentration in
e-cigarettes sold has increased over time [33], and the
e-cigarette market has shifted towards advanced,
pod-based products that have been shown to deliver nico-
tine more efficiently to its users compared to early-genera-
tion ‘cig-alike’ products [34,35]. Pod-based e-cigarettes,
such as JUUL, have become more widely used and social
media content promoting such products have proliferated
[36,37]. The rise of these nicotine pod-based e-cigarettes
could explain the increase in e-cigarette uptake among
non-smokers. JUUL Laboratories’ sales have increased rap-
idly, and they have the greatest market share of any
e-cigarette company [38]. Many young people who use
JUUL are not aware that the product contains nicotine
[39], and may be at risk for nicotine dependence.

Cigarette smoking by youth has been declining, but
some e-cigarette users may be using other types of combus-
tible tobacco products, particularly cigars [40]. Our find-
ings confirm that current and frequent e-cigarette use
remains concentrated among combustible tobacco users.
A separate NYTS analysis reports that although combusti-
ble tobacco use has continued to decline from 2014 to
2018, a rising share are co-using with e-cigarettes among
remaining users [29]. Similarly, ever and current use of
e-cigarettes among both never and former combustible to-
bacco users has also increased. However, the proportion of
youth using any tobacco product (including e-cigarettes) in
the past 30 days did not change significantly from 2014 to
2018 [29], which suggests that e-cigarettes could be
displacing other forms of tobacco among young people.

This study is subject to several limitations. Changes in
survey methodology made it not possible to compare the
2014–18 data to the 2019 data directly, making it difficult
to assess exactly how patterns of e-cigarette use are
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changing. Ongoing surveillance efforts from 2020 on-
wards can identify whether recent trends among each
smoking group will continue, plateau or subside. In addi-
tion, the cross-sectional nature of the analysis prohibits
claims about whether use e-cigarettes among never
smoker youth leads to greater or lower risk of subsequent
smoking initiation. While longitudinal research may sup-
port the former, other trend studies indicate that, on aggre-
gate, e-cigarette use does not appear to be increasing
smoking rates [28,41–44]. If adolescent smoking rates
continue to decline as they have been, it is possible that ris-
ing e-cigarette use could be diverting non-smoking youth
away from cigarettes.

Our estimates indicate that a rising share of young
never and former smokers are using e-cigarettes and that
the overwhelming majority of current smoker youth are
dual-using with e-cigarettes. If young current or former
smokers (never smokers) are gradually switching to
e-cigarettes rather than continuing (starting) to smoke,
this would reduce the net total population harm caused
by tobacco. However, realization of harm reduction
depends upon whether never smokers using e-cigarettes
are individuals whowould have otherwise started smoking
cigarettes if e-cigarettes did not exist. Future research
following the tobacco use trajectories of never smokers
who use e-cigarettes frequently may help to determine
whether this growing minority of users is decelerating
declines in youth smoking.

The national e-cigarette policy context can greatly
influence patterns of adolescent use. For example, youth
e-cigarette use has apparently stabilized in the United
Kingdom, where e-cigarette companies face greater
marketing restrictions [45]. Since 2014, the European
Union has placed rules on the manufacture of e-cigarette
products, including limits on the levels of nicotine in e-liq-
uids to no more than 20 mg/ml [46]. In contrast,
e-cigarettes did not come under the US FDA regulatory ju-
risdiction until 2016 and were not required to undergo
FDA product review until September 2020, despite the
products having already existed on the US market for sev-
eral years [47]. The US experience with respect to adoles-
cent e-cigarette use differs from that of other countries,
due probably to these and other differences related to policy
and social contexts.

Ongoing efforts from governments and health organiza-
tions could address rising e-cigarette use among never
smoker youth in the United States. Recent media
campaigns highlighting the potential risks associated with
e-cigarettes could reduce youth e-cigarette use or slow
their increased uptake [48]. Since 2018 schools have
started to address e-cigarette use among students [49],
and enforcement efforts have targeted retailers in violation
of minimum age laws [50].While the US FDA has removed
cartridge-based e-cigarette flavors (except for tobacco and

menthol) from the market [15], it is possible that youth
could still switch to non-cartridge-based e-cigarettes that
remain available in sweet or sugary flavors. These initia-
tives, growing concerns about e-cigarette-related lung
injuries attributed to THC use [13,51], and the disrupting
effects of COVID-19 are probably changing this trajectory,
as newer data show that current e-cigarette use among
adolescents decreased from 2019 to 2020 [52]. Whether
these and other public health efforts translate into fewer
never smokers using e-cigarettes beyond 2020 remains to
be seen.
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