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Daily E-cigarette Use and the Surge in
JUUL Sales: 2017–2019
John P. Pierce, PhD,a,b Jasen Zhang, MS,a Laura E. Crotty Alexander, MD,c,e Eric C. Leas, PhD,a Sheila Kealey, MPH,b

Martha M. White, MS,b David R. Strong, PhD,a,b Dennis R. Trinidad, PhD,a Sara B. McMenamin, PhD,a Ruifeng Chen, MS,a

Tarik Benmarhnia, PhD,d Karen Messer, PhDa,b

abstractOBJECTIVES: To identify how the 2017 rapid surge in sales of JUUL e-cigarettes affected usage
among US youth and young adults.

METHODS: Annual surveys in the Population Assessment of Tobacco and Health Study assess
tobacco use by product and brand among the US population. We identified 2 cohorts aged 14
to 34 years, 1 with baseline survey in 2014 before the rapid surge of JUUL and the other in
2017 as the surge in JUUL sales was occurring. For 5 age groups, we compared 2-year
incidence of first tobacco use and of new-onset daily tobacco use by product, and report levels
of dependence.

RESULTS: Sociodemographic variables and rates of experimentation with any tobacco product
were similar between cohorts. Among baseline nondaily tobacco users, only those aged 14 to 17
years had an increase in the 2-year incidence of new daily tobacco use (2014 cohort5 4.8%,
95% confidence interval 4.3, 5.5 vs 2017 cohort5 6.3%, 95% confidence interval 5.8–7.0) to
rates approaching those in the 1990s. In 2019, three-quarters of new daily tobacco users aged
14 to 17 vaped daily and had e-cigarette dependence scores similar to daily cigarette smokers
and older adult e-cigarette vapers. We estimate that about 600000 Americans aged <21 years
used JUUL products daily in 2019, a rate 2.5 times those aged 25 to 34 years.

CONCLUSIONS: The surge in US JUUL sales was associated with a sharp rise in daily e-cigarette
vaping and daily tobacco use among US youth, not young adults.
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WHAT’S KNOWN ON THE SUBJECT: The marketing of
tobacco products, including e-cigarettes, is linked to
increased initiation and some evidence of dependence in
adolescents. The rapid increase in JUUL sales in 2017 has
been associated with a major increase in vaping among
high school students.

WHAT THIS STUDY ADDS: The surge in JUUL sales was
associated with increased new daily e-cigarette use
among 14- to 17-year-olds, with dependence levels similar
to new daily cigarette smokers. In 2019, 600 000 US youth
aged<21 years were daily JUUL users.
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E-cigarettes have had few marketing
restrictions in the United States, and
in 2013 to 2014, one-third of
adolescent never tobacco users were
receptive to e-cigarette advertising
and had become susceptible to try
e-cigarettetes.1 By 2014, e-cigarettes
(nicotine concentration 1%–3%)
were the most commonly used
tobacco product among US
adolescents.2 Nicotine users can
quickly develop drug dependence,
which is characterized by daily use
that involves craving and tolerance
with loss of control.3 As nicotine
tolerance develops, the initial
tobacco product may not provide
desired nicotine levels, resulting in
switching to a different tobacco
product, as occurred with low-
nicotine e-cigarettes where the
majority of experimenters switched
to daily cigarette smoking.4,5

In 2015, JUUL Laboratories Inc
disrupted the US e-cigarette market
when they introduced nicotine salt
technology (effectively doubling
e-cigarette nicotine concentration to
5%), and youth-appealing flavors.6,7

In 2017, JUUL products led a 40%
surge in US e-cigarette sales.8,9

Vaping in high schools grew
dramatically,10,11 whereas cigarette
smoking further declined.12 Other
e-cigarette brands quickly developed
their own high-nicotine products in
what has been described as a
nicotine arms race.6 When
discussing the rise in adolescent
vaping between 2017 and 2019, the
US Secretary for Health and Human
Services stated: “The United States
has never seen an epidemic of
substance use arise as quickly as
our current epidemic of youth use of
e-cigarettes.”13

Thus, studies to date have
considered prevalence of product
use primarily in school settings and
identified a surge in teen vaping. In
this article, we use longitudinal data
from the nationally representative
Population Assessment of Tobacco

and Health (PATH) Study to
estimate the incidence of
experimentation and daily use of
tobacco products including
e-cigarettes. We focus on the
participants aged 12 to 34 years
surveyed in 2017 (2017 cohort)
who were reinterviewed in 2019,
a time frame corresponding to the
surge in JUUL sales. We compare
this cohort to same-age PATH
participants surveyed in 2014 (2014
cohort) who were reinterviewed in
2016, before the surge in JUUL sales.
Across cohorts, we compare the age-
specific incidence of both ever-use
and daily use for both cigarettes and
e-cigarettes. Then we compare
tobacco dependence among new
daily users in 2019. We test the
hypotheses that the surge in
e-cigarette use would result in more
new daily vapers, particularly in the
youngest age groups, and that they
would have dependence scores
similar to older-adult new
e-cigarette vapers and new daily
cigarette smokers.

METHODS

Data source: The PATH Study is a
large, nationally representative
cohort of the US noninstitutionalized
population aged 12-plus years.14

The study started with a screener
survey of an address-based sample
of US households, and then
oversampled tobacco users,
adolescents, young adults (aged
18–24 years), and African
Americans. Separate adolescent
(aged 12–17 years) and adult (aged
18-plus years) questionnaires in
English and Spanish were used. At
the first survey wave in 2013 to
2014 (labeled 2014 in this paper),
32 320 adults and 13651
adolescents completed surveys. The
cohort was reinterviewed each year
through 2017, when a refreshment
sample was recruited to reset the
cohort size, adding 6064 adults and
5435 adolescents. Survey wave 5
was completed in 2019. The

response rate for 2-year follow-up
of the 2014 cohort was 78.2%, and
for the 2017 cohort, it was 85.6%.
Our population of interest consists
of PATH respondents in each cohort
who were aged 14 to 34 years
(2014 cohort 5 24409; 2017 cohort 5
20161). We use restricted-use data
available from the National Addiction
and HIV Data Archive.15

Tobacco use measures: PATH
respondents were shown images for
each tobacco product and asked if
they had ever used the product even
1 or 2 puffs/times. Adult daily use
was assessed from the question, “Do
you now [smoke/use product] every
day, some days, or not at all?” On the
adolescent questionnaire,
respondents were asked “on how
many of the last 30 days” they had
used each tobacco product. We
classified reported use on all 30 days
as daily use. To obtain the e-cigarette
brand used by daily vapers, on each
survey, respondents were asked,
“What brand of electronic nicotine
product do you own?”with open-
ended responses coded.

Dependence scores: The PATH Study
uses the Wisconsin Inventory of
Smoking Dependence Motives
framework3 and, in random order,
queries 7 domains on both the
adolescent and the adult
questionnaires separately for
cigarettes and e-cigarettes: “I find
myself reaching for [product]
without thinking about;” “I
frequently crave [product];” “My
[product] use is out of control;”
“I usually want to use [product]
right after I wake up;” “Using
[product] really helps me feel better
if I’ve been feeling down;” “Using
[product] helps me think better;”
“I would feel alone without my
[product].” The 5-point response
scale ranged from 1 5 “Not true of
me at all” to 5 5 “Extremely true of
me.” Scores were added across the
questions giving a range of 7 to 35,
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where 7 indicated no evidence of
dependence.

Statistical analyses: All analyses were
conducted in R (version 4.1.1). We
used available single-wave weights
for data from an individual survey
and longitudinal weights for data
involving multiple waves (such as
incidence estimates).14 Variance
estimates for confidence intervals
(CIs) were calculated considering
both population weights and
replicate weights, with the latter
constructed from a balanced
repeated replications procedure with
Fay adjustment (r5 0.3).16 Sample
characteristics were explored using
weighted proportions with 95%
confidence limits.

We stratified each cohort by baseline
age group (ages 14–17, 18–21, 22–25,
26–29, and 30–34). Within each age
group, we calculated the prevalence
of ever-use and daily use of any
tobacco, cigarettes, and e-cigarettes.
Then, for each cohort, we calculated
the 2-year incidence of ever-use,
among those whowere baseline
never tobacco users. We also
calculated the rate of progression
(over 2 years) to daily tobacco use,
daily cigarette smoking, and daily

e-cigarette vaping, among baseline
nondaily ever tobacco users. We use
nonoverlapping 95% CIs to identify
significant differences in the above
statistics.

RESULTS

Characteristics of the 2014 and
2017 Cohorts

There were no differences between
the weighted estimates from the 2
cohorts on sex or race/ethnicity
distribution at baseline (Table 1). The
2017 cohort had fewer respondents
aged 14 to 17 years (14.9%, 95% CI:
14.6%–15.1%) than the 2014 cohort
(18.5%, 95% CI: 18.3%–18.7%), but
there were no other age group
differences across the cohorts. The
2017 cohort had fewer never tobacco
users (34.1% 95% CI: 32.4%–35.8%)
than the 2014 cohort (38.9%,
95% CI: 37.3%–40.4%), and
correspondingly more ever, but not
daily, tobacco users (50.2%, 95% CI:
48.6%–51.9%), than the 2014 cohort
(44.5%, 95% CI: 43.2%–45.8%).
Approximately 16% in each cohort
were current daily tobacco users. We
examined e-cigarette use, and none of
the 2014 cohort were daily JUUL
e-cigarette users in 2016 (survey
wave 3).

New Ever-Use of Cigarettes and
E-Cigarettes Among Baseline
Never-Users

In the 2014 cohort, the proportion
of baseline never-users who tried
cigarette smoking over the following
2 years was similar for those aged
14 to 17 years and 18 to 21 years,
at 10% (Fig 1A). Estimates for older
age groups were imprecise (with
large confidence limits) but were
less than half that of the 14- to
21-year-old age groups. In the 2017
cohort, among those aged 14 to
17 years, the proportion who tried
cigarette smoking was 33% lower
than the 2014 cohort at 6.7%
(95% CI: 6.0%–7.4%) and, for
those aged 18 to 21 years, it was
49% lower at 5.3% (95% CI:
4.3%–6.5%).

First use of e-cigarettes was highest
among the youngest age group
(14–17 years) for each cohort, at
22.0% (95% CI: 20.9%–23.1%) in
the 2014 cohort and 24.7% (95%
CI: 23.5%–25.9%) in the 2017
cohort, an increase of 12.3%
(Fig 1B). Compared with those aged
14 to 17 years, first experimentation
with e-cigarettes was much lower
among those aged 18 to 21 years at
15.8% (95% CI: 13.4%–18.5%) in

TABLE 1 Baseline Characteristics for the 2014 and 2017 Cohorts in the PATH Study

2014 Cohort Baseline 2017 Cohort Baseline

Variables Categories Sample (n) Wtd % 95% CI Sample (n) Wtd % 95% CI

Age 14–17 8967 18.5 (18.3–18.7) 5603 14.9 (14.6–15.1)
18–21 5118 19.3 (18.7–19.9) 6025 19.9 (19.3–20.5)
22–25 4680 19.8 (19.1–20.6) 3508 20.2 (19.6–20.9)
26–29 2578 18.4 (17.6–19.3) 2769 20.2 (19.3–21.2)
30–34 3066 24.0 (23.2–24.8) 2256 24.8 (23.9–25.8)

Sex Male 12 429 50.5 (50.0–51.1) 10 047 51.0 (50.4–51.6)
Female 11 980 49.5 (48.9–50.0) 10 114 49.0 (48.4–49.6)

Race/ethnicity Hispanic 5876 20.5 (19.7–21.4) 5351 21.1 (20.3–22.0)
Non-Hispanic White 12 820 56.5 (55.5–57.4) 9963 55.4 (54.3–56.5)
Non-Hispanic Black 3459 13.0 (12.5–13.6) 3025 13.3 (12.7–14.0)
Non-Hispanic Asian American 764 6.5 (5.8–7.2) 571 6.4 (5.7–7.1)
Other 1490 3.5 (3.3–3.7) 1251 3.8 (3.5–4.0)

Tobacco usea status Never-user 8952 38.9 (37.3–40.4) 7117 34.1 (32.4–35.8)
Ever, not current dailyb 10 793 44.5 (43.2–45.9) 9880 50.2 (48.6–51.9)
Current daily 4664 16.7 (15.9–17.4) 3164 15.7 (15.0–16.5)

Wtd, weighted.
a Tobacco use includes cigarettes, e-cigarettes, cigars (traditional, filtered, regular), cigarillos, pipes, hookahs, snus, and smokeless tobacco.
b Ever not current daily includes former users.
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the 2014 cohort and even lower still
in the 2017 cohort at 12.2%
(95% CI: 10.5%–14.0%).

Considering incidence of first
experimentation with any tobacco
product, there was no between-
cohort difference among those aged
14 to 17 years: 2014 5 29.8% (95%
CI: 28.5%–31.1%); 2017 5 28.7%
(95% CI: 27.5%–30.1%). However, a
major decline was noted among
those aged 18 to 21 years: 2014 5

27.7% (95% CI: 24.4%–31.3%);
2017 5 19.0% (95% CI:
16.8%–21.4%).

Progression to Daily Tobacco Use
Among Nondaily Ever Tobacco Users

Over the 2-year follow-up, 4.9%
(95% CI: 4.5%–5.4%) of baseline
nondaily tobacco users in the 2014
cohort progressed to daily use,

compared with 5.3% (95% CI:
4.9%–5.8%) in the 2017 cohort,
with 64.6% of this increase coming
from those aged 14 to 17 years
(Table 2). Indeed, only those who
were aged 14 to 17 years at
baseline had a higher progression to
daily use in the 2017 cohort
compared with the 2014 cohort
(2014 cohort 5 4.8%, 95% CI:
4.3%–5.5%; 2017 cohort 5 6.3%,
95% CI: 5.8%–7.0%): thus, there
were 1 030 957 US adolescents aged
14 to 17 years in 2017 who became
new daily tobacco users by 2019. In
the 2019 survey, there were
1 667 826 new daily tobacco users
who were aged <21 years.
Assuming an equal distribution
across the year, this translates to
2284 new daily tobacco users each
day between 2017 and 2019, which
is approximating the estimate of

new established smokers in 1989 to
1993 (Supplemental Information).

New Daily Use of Cigarettes And
E-Cigarettes Among Nondaily Users
at Baseline

In the 2014 cohort, 2.5% (95% CI:
2.1%–3.0%) of baseline ever-users
aged 14 to 17 years progressed to
new daily cigarette smoking over
the 2-year follow-up, and the
progression rate was 3.9% (95% CI:
3.1%–4.8%) for those aged 18 to 29
years (Fig 2A). For the 2017 cohort,
progression to daily cigarette
smoking was 55% lower than the
2014 cohort for both those aged 14
to 17 years (1.1%, 95% CI:
0.9%–1.5%) and for those aged 18
to 21 years (1.7%, 95% CI:
1.54%–2.2%).

Although there was little
progression to daily e-cigarette use
in the 2014 cohort (all groups
<2%), this progression rate was
much higher in the 2017 cohort
(Fig 2B). Among those aged 14 to 17
years, the rate was 3.6-fold higher at
4.8% (95% CI: 4.4%–5.2%) and
among those aged 18 to 21 years,
the progression rate was 3.4 times
higher at 4.1% (95% CI:
3.5%–4.8%). Among those aged 22
to 25 years, the progression rate
was 2.1% (95% CI: 1.5%–2.7%).

New Daily Tobacco Users in the
2017 Cohort By Product Type

Almost half (48.9%) of all the new
daily tobacco users in the 2017
cohort were daily e-cigarette vapers
(Table 3), with the distribution
skewed to the younger age groups.
For those aged 14 to 17 years at
baseline, 75.4% of all new daily
tobacco users were e-cigarette
vapers; for those aged 18 to 21
years at baseline, 64.9% were e-
cigarette vapers. Both the e-cigarette
dependence score (Cronbach’s a 5
0.89, SE 5 0.23) and the cigarette
dependence score (Cronbach’s a 5
0.86, SE 5 0.14) had good internal
consistency. Among daily vapers, in
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2019, the mean e-cigarette
dependence score for those aged 14
to 17 years in 2017 was 17.4 (95%
CI:16.5–18.3), with the lower-bound
confidence limit more than double
the score, indicating no dependence.
The mean dependence score in this
youngest age group was similar to
adult scores in all under age 35
years age groups, and these scores
were similar to the dependence
scores for those of the same age
who became daily smokers
(Supplemental Information).

E-Cigarette Brand of Daily Vapers in
2017 Cohort By Tobacco Use Status
at Baseline

In 2019, there were >1 million daily
vapers among US residents under
the age of 21 years. The majority
(56.3%, 95% CI: 50.4%–62.0%)
used JUUL products, which
translates to 600 000 daily JUUL
users (Table 4). The proportion of
daily e-cigarette vapers using JUUL
was lower among those aged
21 to 24 years (42.9%, 95% CI:
36.0%–50.1%) and those who were
aged >25 years (22.6%, 95% CI:
17.5%–28.7%). In 2019, daily
e-cigarette vapers aged <21 years
were 2.5 times more likely to be
JUUL users than young adults aged
25-plus years.

DISCUSSION

We identified 2 PATH Study cohorts
aged <35 years, before and after the
surge in US e-cigarette sales that
started in 2017. There were no new
daily JUUL e-cigarette vapers in the
2-year follow-up of our comparison
group: the 2014 cohort. There were
an additional 395 597 new daily
tobacco users in the 2-year follow-
up of the 2017 cohort compared
with the 2014 cohort, two-thirds of
whom were in the youngest age
group (14–17 years at baseline).
Indeed, it was only this youngest
age group that had a significant
increase in progression to daily
tobacco use between the 2 cohorts.TA

BL
E
2
Pr
og
re
ss
io
n
to

Da
ily

To
ba
cc
o
Us
e
am

on
g
No
nd
ai
ly
Ev
er

To
ba
cc
o
Us
er
s
at

Ba
se
lin
e
in

th
e
20
14

an
d
20
17

PA
TH

Co
ho
rt
s

Ag
e
at

Ba
se
lin
ea

20
14

PA
TH

Co
ho
rt

20
17

PA
TH

Co
ho
rt

In
cr
ea
se

in
Ne
w
Da
ily

To
ba
cc
o
Us
e
in

20
17

Co
ho
rt

No
nd
ai
ly

To
ba
cc
o
Us
er
s

in
20
14

(n
)

Pr
og
re
ss
io
n
fr
om

No
nd
ai
ly
to

Da
ily

To
ba
cc
o
Us
e,
20
16

No
nd
ai
ly

To
ba
cc
o
Us
er
s

in
20
17

(n
)

Pr
og
re
ss
io
n
fr
om

No
nd
ai
ly
to

Da
ily

To
ba
cc
o
Us
e,
20
19

US
Po
pu
la
tio
n

Es
tim

at
e

(N
)

%
of

Al
l
Ne
w

Da
ily

Us
er
s

%
c

95
%

CI

US
Po
pu
la
tio
n

Es
tim

at
e

(N
)

%
b

95
%

CI

US
Po
pu
la
tio
n

Es
tim

at
e

(N
)

14
–
17

70
51

4.
8

4.
3–
5.
5

77
5
50
4

85
85

6.
3

5.
8–
7.
0

1
03
0
95
7

25
5
45
3

64
.6
0

18
–
21

29
38

5.
8

4.
8–
6.
8

84
0
15
4

55
87

6.
3

5.
6–
7.
1

97
1
49
6

13
1
34
2

33
.2
0

22
–
25

23
69

5.
2

4.
4–
6.
1

72
1
29
8

29
87

5.
3

4.
5–
6.
1

72
6
04
9

47
51

1.
20

26
–
29

11
81

5.
6

4.
4–
7.
1

68
1
76
7

18
78

5.
4

4.
3–
6.
8

71
7
81
5

36
04
8

9.
10

30
–
34

14
37

3.
7

2.
9–
4.
6

61
7
33
8

15
63

3.
5

2.
6–
4.
6

58
5
34
1

�3
1
99
7

�8
.1
0

To
ta
l

14
97
6

4.
9

4.
5–
5.
4

3
63
6
06
0

20
60
0

5.
3

4.
9–
5.
8

4
03
1
65
7

39
5
59
7

10
0

To
ba
cc
o
us
e
m
ea
ns

an
y
ci
ga
re
tt
es
,e
-c
ig
ar
et
te
s,
ci
ga
rs

(t
ra
di
tio
na
l,
fi
lte
re
d,

re
gu
la
r)
,c
ig
ar
ill
os
,p

ip
es
,h

oo
ka
hs
,s
nu
s,
an
d
sm

ok
el
es
s
to
ba
cc
o.

a
Ba
se
lin
e
fo
r
pr
e-
JU
UL

co
ho
rt

is
20
14
;b

as
el
in
e
fo
r
JU
UL
-e
ra

co
ho
rt

is
20
17
.

b
Pe
rc
en
ta
ge

of
no
nd
ai
ly
to
ba
cc
o
us
er
s
w
ho

pr
og
re
ss
ed

to
da
ily

us
e
ov
er

a
2-
ye
ar

fo
llo
w
-u
p.

PEDIATRICS Volume 149, number 6, June 2022 5



In the 2 years to 2019, there were
2284 per day, <21-year-old new
daily tobacco users, a rate that
approaches the levels observed in
the 1990s before the 1998
additional restrictions on cigarette
advertising and promotions.17

However, the vast majority of young
new daily tobacco users were daily

vapers, a clear difference from the
2014 cohort. In 2019, there were
600 000 daily JUUL vapers aged
<21 years.

Previously, adolescent JUUL users
have been reported to have some
symptoms of nicotine
dependence.18,19 The PATH Study

used the Wisconsin Inventory of
Smoking Dependence Motives
framework3 and questioned 7
dependence domains for each
tobacco product. We report that
<21-year-old, recent daily e-
cigarette vapers in 2019 had similar
dependence scores to older recent
daily vapers. Additionally, they had
dependence scores that were similar
to those for new daily cigarette
smokers.

There are at least 3 major
influencers on this substantial
increase in daily e-cigarette vaping
seen between our 2 cohorts:

1. there was an ongoing
innovative social media
marketing campaign that was
attractive to youth;20

2. the new normal e-cigarettes
used nicotine salt technology
that made higher nicotine
concentration aerosols less
aversive, thus allowing users to
self-administer larger nicotine
doses with each puff;21 and

3. experimentation with
e-cigarettes typically occurred
with products with fruit/candy
flavors.22

Data collection for our study was
completed in 2019. In October 2019,
JUUL voluntarily suspended sales of
all e-cigarette flavors except for
menthol and tobacco,23 just before
the Food and Drug Administration’s
(FDA’s) announcement on its

TABLE 3 E-Cigarettes as a Proportion of All New Daily Tobacco Use in the 2017 Cohort

Sample
Size

US Population
Estimate

Progression to New Daily Tobacco
Use in 2017 Cohort 2019 E-Cigarette

Dependence Scorea

Among New Daily Users Percentage of
New Daily UsersAge Group Any Daily Use

Daily E-Cigarette Use

in 2017 n N % % 95% CI Score 95% CI Vaping E-Cigarettes

14–17 8585 16 252 616 6.3 4.8 4.4–5.2 17.4 16.5–18.3 75.4
18–21 5587 15 350 099 6.3 4.1 3.5–4.8 16.9 15.9–18.8 64.9
22–25 2987 13 800 964 5.3 2.1 1.5–2.7 16.4 14.8–17.9 39.0
26–29 1878 13 232 687 5.4 1.2 0.7–1.9 13.9 11.2–16.2 21.2
30–34 1563 16 876 203 3.5 0.8 0.5–1.3 15.4 11.8–18.9 21.9
Total 20 600 75 512 569 5.3 2.6 2.4–2.8 16.7 16.0–17.3 48.9

a E-cigarette dependence score derived from 7 items based on Wisconsin Inventory of Smoking Dependence Motives framework3 that assesses craving, tolerance, and loss of con-
trol symptoms of dependence. Scores range from 7 to 35, with 7 indicating no dependence.
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FIGURE 2
New daily use of cigarettes and e-cigarettes over 2-year follow-up among nondaily users at baseline
by JUUL cohorts (2014–2016; 2017–2019). A, cigarette use; B, e-cigarette use. The asterisk marks when
estimates from each cohort have nonoverlapping confidence intervals, indicating a significant
difference.
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enforcement policies for
unauthorized flavored, cartridge-
based e-cigarettes.13 However, the
FDA’s announcement did not include
disposable e-cigarettes,24 e-liquids,
or refillable devices.25 As a result,
there was another major market
shift to e-cigarettes that had these
flavored options. In 2021, there
were an estimated 1.7 million high
school vapers, with 85% using
flavored products. Over half these
vapers used disposable devices and
JUUL was no longer the market
leader.26

Our data suggest that there may be
a new generation of daily tobacco
users who did not become
dependent on combustible tobacco.
Hopefully, they may never switch to
cigarette smoking, thus avoiding
many of the health consequences,
although e-cigarettes themselves are
not harmless.27 However, tobacco
industry giants have copied the
JUUL social media model, going
further to invest large sums on
social media influencers who can
produce their own viral videos that
market tobacco.28 Further, there are
recent reports that smoking is
making a comeback among trendy
youth29 and, in 2020, annual
cigarette sales increased for the first
time in 2 decades.30 All this suggests
the possibility that dependent e-
cigarette users could switch to
cigarette smoking as young adults.
Further follow-up of the PATH Study
is needed to document whether
dependent e-cigarette vaping
becomes a stable adult behavior.

We confirmed results from earlier
reports of the cross-sectional

National Youth Tobacco Survey,26,31

that the follow-up in 2019 showed
evidence of a considerable decline in
experimentation with e-cigarettes
for those aged 18 to 21 years at
baseline, possibly linked to concerns
relating to the 2019 E-cigarette or
Vaping Use-Associated Lung Injury
epidemic.32 However, there was no
such decline seen among those aged
14 to 17 years in 2017. Compared
with the 2014 cohort, the 2
youngest age groups in the 2017
cohort had much lower
experimentation rates with
cigarettes. However, only the 14- to
17-year-olds increased their
experimentation with e-cigarettes.

A strength of this paper is the use of
2 cohorts from the PATH Study that
allows nationally representative
estimates of tobacco use. We
targeted daily tobacco use and
demonstrated that this daily e-
cigarette use was associated with
significant dependence levels. We
identified 2 cohorts and validated 1
as occurring before the JUUL-related
surge in e-cigarette sales. Each
cohort had large samples who were
in the age window for initiation of
tobacco use.33 The PATH Study
includes state-of-the-art
measurement of product use on
each survey, as well as a theory-
driven, psychometrically validated
dependence scale for each product
used. It also collects and analyzes
biological samples on a large
subsample that have been used
previously to demonstrate the
validity of self-reported smoking
behavior,34 as well as the PATH-
dependence scales.35 A limitation is
that these cohorts were not

contemporaneous but were followed
in sequential time periods, thus, we
were unable to rule out the
influence of other time-based
variables. Additionally, other
unmeasured confounders could have
influenced the population estimates.

CONCLUSIONS

The surge in sales of JUUL
e-cigarette from 2017 to 2019 was
accompanied by increased daily
e-cigarette use that was most
marked among adolescents aged 14
to 17 years at baseline. Members of
this youngest age group who
became daily e-cigarette users had
dependence scores that were not
different to older adults nor
different from adult daily cigarette
smokers. This recent upswing in
tobacco use in the young has
resulted in initiation levels that are
somewhat similar to those seen in
the early 1990s, before the
introduction of many effective
tobacco control measures. In 2019,
an estimated 600 000 Americans
aged <21 years used high-nicotine
JUUL products daily and these
would now be below the legal age to
purchase tobacco in the United
States.36 The FDA has responded to
this e-cigarette epidemic by
reducing the availability of flavored
additives to e-cigarettes, presumably
focused on reducing
experimentation. It has not limited
the amount of nicotine allowed in
e-cigarettes, as other countries have
done.37 The large increase in daily
use among US adolescents could
presage future health consequences
and needs urgent additional action
from the regulatory body.

TABLE 4 Brand of E-Cigarette Used By Daily E-Cigarette Vapers Aged 14–34 Years in 2019: the PATH Study

Age in 2019
Sample
Size, No.

US Population Estimate of
Daily E-Cigarette Vapers

(N)

JUUL Brand SMOK Brand Other Brand

% 95% CI % 95% CI % 95% CI

<21 y 470 1 065 565 56.3 50.4–62.0 17.4 14.3–21.0 25.4 20.7–30.8
21–24 y 276 934 052 42.9 36.0–50.1 26.6 21.6–32.3 28.1 22.3–34.8
$25 y 295 1 385 665 22.6 17.5–28.7 33.4 27.3–40.1 42.4 36.2–48.8
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CI: confidence interval
FDA: Food and Drug

Administration
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