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A B S T R A C T
IMPLICATIONS AND
Purpose: This study examined changes in e-cigarette and dual-use frequency, levels of nicotine
exposure and e-cigarette dependence, and device and e-liquid preferences over 12 months.
Methods: Adolescents (N ¼ 173, aged 13e18 years) who reported past-month e-cigarette use and
at least 10 lifetime uses were recruited from the San Francisco Bay Area. The sample was 75.1%
male, 54.9% non-Hispanic White, mean age 16.6 years (standard deviation ¼ 1.2); 26.6% reported
past-month cigarette smoking at baseline (i.e., dual use). At baseline, 6-month, and 12-month
follow-up, participants provided saliva samples for cotinine testing and self-reported e-cigarette
use frequency, dependence, past-month smoking, product preference, and flavor preference.
Results: Most (80.3%) were still using e-cigarettes at 12 months, and daily use increased from 14.5%
to 29.8%. Model testing indicated an overall increase from baseline to 12 months in frequency of e-
cigarette use (F(2, 166)¼ 5.69, p¼ .004), dependence (F(2, 164)¼ 5.49, p¼ .005), and cotinine levels
(F(2, 103) ¼ 4.40, p ¼ .038). Among those reporting only e-cigarette use at baseline, 28.8% reported
combustible cigarette use during follow-up. Among those reporting dual use at baseline, 57.1% were
still dual using at 12 months, 31.4% reported e-cigarette use only, and none abstained from both
products. Higher nicotine delivering e-cigarette devices (i.e., Juul, mods) becamemore popular over
time, whereas flavor preferences (i.e., fruit, mint/menthol, and candy) remained stable.
Conclusions: Adolescents’ e-cigarette use persisted over a 12-month period with significant in-
creases in frequency of use, nicotine exposure, and e-cigarette dependence. Transitions from single
to dual and dual to single nicotine product use were observed in approximately one in three users
over the study period.
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E-cigarette use, or vaping, among adolescents has become a
public health concern, with 26.7% of high school seniors
reporting past-month vaping in 2018 [1], and 900,000 middle
and high school students reporting daily or near-daily use [2].
Adolescents’ use of e-cigarettes is associated with an increased
risk of subsequent cigarette initiation [3] and frequent use [4], an
increased risk of nicotine dependence [5], and exposure to
potentially toxic chemicals [6e14]. Despite harm reduction
claims by e-cigarette companies, in cross-sectional studies,
e-cigarette use among adolescent and young adult dual users
(i.e., cigarette smokers who also vape) is associatedwith smoking
a greater number of cigarettes per day [15], more frequent
smoking [16], and fewer attempts to quit smoking [17].

Notably little is known about the stability of adolescents’
use of e-cigarettes over time, such as whether nondaily use
progresses into daily use and whether daily use is sustained.
The potential for harm from exposure to nicotine and toxicants
is likely to be greater with sustained and frequent use over
time. Study of longitudinal patterns of adolescent e-cigarette
use is needed to model the potential for harm from these
products. Furthermore, research is needed to articulate
adolescent patterns of dual product use over time and the
resulting levels of nicotine and toxicant exposure. It remains
unclear, for example, whether dual users succeed in reducing
and stopping their cigarette use or whether they continue to
dual use over time.

The stability in adolescents’ e-cigarette preferred type or
brand also has not been examined. E-cigarette brands that are
popular today among adolescents (e.g., Juul) can deliver nicotine
from a single compact pod that equals that of a pack of cigarettes,
in attractive flavors, and with easy concealment for use in set-
tings where cigarettes may be forbidden (e.g., school, home).
These characteristics may facilitate the progression from inter-
mittent to frequent use and nicotine dependence. Alternatively,
low nicotine content and/or low device appeal may result in
adolescents losing interest in e-cigarettes over time, with
diminishing frequency and dependence risk.

Among adults, research indicates that evolving from a simpler
e-cigarette device (e.g., closed system) to a more complex
modifiable device (i.e., “mod”) is a common pattern and is
associated with greater dependence on e-cigarettes [18]. Despite
rapid growth in the e-cigarette market in recent years, research
has not yet examined whether or how adolescents’ preferred
devices change over time, particularly with regard to nicotine
delivery and exposure.

Finally, minimal research has examined changes in adoles-
cents’ reasons for initiating, continuing, and/or quitting e-ciga-
rette use over time. In cross-sectional survey studies,
adolescents’ top reasons for experimenting with e-cigarettes
include curiosity, appealing flavors, friends’ use, and perceived
benefits compared with cigarettes [19e22]. However, reasons
may shift over time, as adolescents move from experimentation
to sustained use. The literature on youth initiation and transition
to regular use of combustible cigarettes shows that media/mar-
keting and social influences motivate initiation, whereas the
drive for nicotine due to addiction motivates regular use [3].
These nicotine product use patterns observed with combustible
cigarettes warrant investigation with e-cigarettes. With e-ciga-
rettes, adolescents who begin experimenting because of curios-
ity or appealing flavors may subsequently use to alleviate
withdrawal symptoms.
The present study followed a cohort of adolescent e-cigarette
users over 12 months’ time to examine patterns of e-cigarette
use frequency, nicotine exposure, and dependence, product use
and flavor preference, and motivators to use and cease use. The
primary objectives were to determine persistence in e-cigarette
and dual use and the stability in frequency and dependence
measures of e-cigarette use. We also examined changes in device
and e-liquid preferences and reasons for using e-cigarettes. This
longitudinal study adds to the literature by providing an under-
standing of shifts in tobacco and nicotine product use over time
among adolescents based on self-report and biomarkers of
exposure.

Methods

Participants and procedures

Adolescents (aged 13e18 years) from the San Francisco Bay
Area who reported having used an e-cigarette at least once in the
past 30 days and at least 10 times in their lives were recruited for
a longitudinal study on teen vaping between May 2015 and April
2017. Advertisements were posted on social media and in the
community around the Bay Area. Interested individuals were
directed to the study Web site, where they could submit their
information to be contacted by study staff to complete eligibility
screening. Eligible participants who provided informed consent
were scheduled for a baseline sessionwhere they completed self-
report measures and provided a saliva sample for cotinine
testing. Participants returned for follow-up measures and co-
tinine testing 6 and 12 months after baseline. Study incentives
were $30 for the baseline, $35 for the 6-month, and $40 for the
12-month follow-up visits. Parental consent was waived under
California law 6929(b). Cessation information and local treat-
ment options were provided. The research design and study
procedures were approved by the University of California, San
Francisco Institutional Review Board.

Measures

Demographic characteristics of age, sex, race/ethnicity, and
mother’s level of education were reported by participants. E-
cigarette use frequency in a typical month was self-reported
ranging from 0 to 30 days. E-cigarette dependence was
measured using the 10-item Penn State Electronic Cigarette
Dependence Index (scored as 0e3 ¼ not dependent; 4e8 low
dependence; 9e12 medium dependence; 13þ ¼ high depen-
dence) [23], whichwas strongly correlatedwith cotinine levels in
this sample [24]. Salivary cotinine was measured at baseline, 6,
and 12 months. Saliva samples were analyzed at the Clinical
Pharmacology Laboratory at the University of California, San
Francisco. Levels of salivary cotinine were measured using liquid
chromatography-tandem mass spectrometry [25], reported in
nanogram per milliliter, and log-transformed to normalize the
distribution. Past-month traditional cigarette smoking was
assessed with the item: “Have you smoked a cigarette in the past
30 days?” (yes/no). Product preference was assessed by asking
participants: “What kind of e-cigarette device do you use most
often?” (Juul, other brand name [i.e., Blu, Njoy], hookah pen/e-
hookah, vape pen, I build/make my own, e-pipe, e-cigar, other,
unknown). Given the popularity of Juul among adolescents at the
time the study was conducted, Juul was added as its own option



Table 1
Frequency, dependence, and cotinine levels at each time point

Baseline,
N ¼ 173

6 mo,
N ¼ 120

12 mo,
N ¼ 127

Frequency in days/month, M (SD) 15.4 (9.8) 15.0 (11.3) 19.6 (9.7)
Daily use, n (%) 25 (14.5) 21 (18.1) 31 (29.8)

ECDI dependence score, M (SD) 3.4 (3.9) 4.5 (4.4) 5.1 (4.6)
No dependence, n (%) 108 (62.4) 61 (52.6) 47 (45.6)
Low dependence, n (%) 42 (24.3) 34 (29.3) 32 (31.1)
Medium dependence, n (%) 17 (9.8) 12 (10.3) 15 (14.6)
High dependence, n (%) 6 (3.5) 9 (7.8) 9 (8.7)

Cotinine in ng/ml, median (IQR) 2.1 (35.2) 9.1 (85.4) 10.8 (79.6)

ECDI ¼ Electronic Cigarette Dependence Index; IQR ¼ interquartile range;
SD ¼ standard deviation.
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separate from other brand name e-cigarettes. Participants who
selected “other” were asked to specify their device. Responses
were recoded into mod (i.e., modified/homemade device), Juul,
vape pen, or other (e.g., Sourin)/unknown based on prior work
[26]. E-cigarette flavors were assessed with the item: “What
flavor e-cigarette do you usually use?” Choices included fruit,
candy, menthol, tobacco, and others. Those who selected “other”
were asked to specify their flavor of choice. Reasons for e-ciga-
rette initiation were assessed at baseline by asking participants
to report up to three reasons for starting to use e-cigarettes
(open-ended). Reasons for e-cigarette continued use were
assessed at 6 and 12 months by having participants select up to
three reasons for continuing to use e-cigarettes from the
following options: my friends are using them, my family mem-
bers are using them, they look cool, I am addicted (I can’t stop), I
want to quit smoking regular cigarettes, I think they are safer
than regular cigarettes, I like the taste, they are fun, they are easy
to hide from adults, or other. Those who selected “other” were
asked to specify their reason. Reasons for quitting e-cigarettes
were assessed with an open-ended item at 12 months among
those who reported quitting using e-cigarettes.

Data coding and analyses

For the open-ended responses, two independent coders
(E.A.V. and J.A.) read participants’ reasons for initiating and
quitting e-cigarette use and created initial codes for each. E.A.V.
reviewed both sets of codes, drafted a coding scheme, coded all
data, and refined the coding scheme. All data were coded again
by both E.A.V. and J.A. (reasons for initiating: 92.6% agreement;
reasons for quitting: 90.0% agreement). Coders discussed dis-
crepancies until consensus was reached. Each response was
coded into one best-fitting category. Reasons for continuing use
were closed-ended and did not require coding.

Descriptive statistics were run on baseline and follow-up data
to examine the frequency of e-cigarette and cigarette use;
preferred devices; preferred flavors; and reasons for initiating,
continuing, and quitting e-cigarette use. Among e-cigarette only
users and those reporting recent dual use of combustibles at
baseline, we examined transitions in nicotine product use cate-
gories. Repeated-measures analyses of variance were used to
assess differences in e-cigarette use frequency, dependence
symptoms, self-perceived dependence, and cotinine levels from
baseline to 6- and 12-month follow-up. A lower-bound correc-
tion was used when Mauchly’s test indicated a violation of the
assumption of sphericity. When the omnibus test was significant,
we ran simple contrasts to identify where the changes over time
were significant. Cochran’s Q tests were used to assess differ-
ences in device preference and reasons for initiating and
continuing use over time.

Results

Sample description

Three hundred eighty-six adolescents were screened, 229
were found to be eligible, and 180 agreed to participate. Of the
180 who completed a baseline survey, 173 adolescents met
criteria for using an e-cigarette at least once in the prior 30 days
and at least 10 lifetime uses. The sample was 75.1% male
(N ¼ 130), mean age ¼ 16.6 years (standard deviation ¼ 1.2),
54.9% White, 13.3% multiple races/ethnicities, 10.4% Asian, 1.2%
African American, 1.2% Pacific Islander, and 5.2% other race/
ethnicity. Mother’s educationwas 54.3% college degree or higher,
39.9% some college or less, and 5.8% unknown. Participant
characteristics are largely consistent with demographics of
adolescent e-cigarette users (i.e., majority male, non-Hispanic
White, higher socioeconomic status, and older adolescents [27]).

Study retention

Follow-up rates were 69.4% (N ¼ 120) at 6 months, and 73.4%
(N ¼ 127) at 12 months. Likelihood of attrition at 12 months did
not differ by age, race, sex, mother’s education, or baseline e-
cigarette frequency, dependence, or cotinine level (p > .13).

Changes in e-cigarette frequency, dependence, and cotinine

At the 12-month follow-up, 80.3% of the sample continued to
use e-cigarettes, and daily use increased from14.5% of the sample
at baseline to 18.1% at 6-month follow-up, and 29.8% at 12-month
follow-up. Table 1 summarizes frequency of use, e-cigarette
dependence, and cotinine levels for the sample at each timepoint.
Model testing indicated an overall increase from baseline to
12months in the frequency of e-cigarette use, F(2,164)¼ 5.49, p¼
.005. Simple contrasts showed the significant increase occurred
from baseline to 12 months (F(1, 82) ¼ 5.82, p ¼ .018), and not
baseline to 6months. E-cigarette dependence,measuredwith the
Electronic Cigarette Dependence Index, also significantly
increased over time, F(2, 166) ¼ 5.64, p ¼ .004. Again, the signif-
icant increase occurred from baseline to 12 months (F(1, 83) ¼
10.57, p ¼ .002), and not baseline to 6 months. Cotinine levels
significantly increased over time, F(2, 103) ¼ 4.40, p ¼ .038, both
from baseline to 6 months (F(1, 103) ¼ 5.69, p ¼ .019) and from
baseline to 12 months (F(1, 103) ¼ 6.43, p ¼ .013).

Transitions in e-cigarette and cigarette use over time

Figure 1 illustrates transitions from baseline to 12-month
follow-up in e-cigarette and cigarette use among e-cigarette
only users and recent dual users (defined as participants who
both vaped and smoked in the past 30 days). Among baseline
e-cigarette only users, the most common pattern was continued
e-cigarette only use; however, over the 12-month follow-up,
28.8% (n ¼ 30) also reported combustible cigarette use by
12 months (n ¼ 17, 19.1% at 6 months; n ¼ 19, 20.7% at
12 months). Among those reporting dual use at baseline, 57.1%
(n ¼ 20) were still dual using at 12 months, 31.4% (n ¼ 11) re-
ported e-cigarette use only, and none abstained from both



Figure 1. Use of e-cigarettes and cigarettes reported at each time point.
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products. In the full sample, smoking prevalence increased
slightly over time, from 26.6% (n ¼ 46) at baseline to 33.9%
(n ¼ 43) at 12-month follow-up.
Changes in e-Cigarette device and e-liquid preferences over time

At baseline, vape pens were the most commonly used device
(n ¼ 59, 34.1%), followed by mods (n ¼ 56, 32.4%), Juul (n ¼ 38,
22.0%), and other/unknown devices (n ¼ 20, 11.6%). At 6 months,
mods had become the most popular device (n ¼ 45, 37.5%), fol-
lowed by Juul (n ¼ 36, 30.0%), vape pens (n ¼ 30, 25.0%), and
other/unknown devices (n ¼ 9, 7.5%). By 12 months, Juul had
become the most popular device (n ¼ 52, 48.1%), followed by
mods (n ¼ 34, 31.5%), with vape pens (n ¼ 11, 10.2%) and other/
unknown devices (n ¼ 11, 10.2%) becoming less popular. The
proportion of participants reporting Juul as their most commonly
used device significantly increased over time (c2(2) ¼ 31.27,
34.1%

32.4%
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Figure 2. Preferred devices at each time point. Note: In
p < .001). Figure 2 illustrates changes in device type preferences
over time.

At baseline, 6 months, and 12 months, the most popular fla-
vors were fruit (baseline: n ¼ 110, 63.6%; 6 months: n ¼ 71,
59.2%; 12 months: n ¼ 43, 40.6%), menthol/mint (baseline:
n ¼ 30, 17.3%; 6 months: n ¼ 34, 28.3%; 12 months: n ¼ 39,
36.8%), and candy (baseline: n ¼ 25, 14.5%; 6 months: n ¼ 18,
15.0%; 12 months: n ¼ 11, 10.4%).
Reasons for initiating or continuing e-cigarette use

The proportion of participants reporting using e-cigarettes for
enjoyment increased significantly from baseline (n ¼ 60, 35.7%)
to 6- and 12-month follow-up (6 months: n ¼ 77, 64.2%; 12
months: n ¼ 69, 63.3%; c2(2) ¼ 16.32, p < .001), as did the pro-
portion reporting using e-cigarettes for flavors (baseline: n ¼ 47,
28.0%; 6 months: n ¼ 66, 55.0%; 12 months: n ¼ 48, 44.4%;
25%
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c2(2) ¼ 21.14, p < .001). The proportion reporting e-cigarette use
for social reasons did not change significantly over time (base-
line: n ¼ 71; 42.3%; 6 months: n ¼ 56, 46.7%; 12 months: n ¼ 53,
49.1%; c2(2)¼ 2.00, p¼ .368). At baseline, 40 participants (23.8%)
reported using e-cigarettes as a substitute for cigarettes and/or
cannabis. Among those who reported having quit e-cigarettes at
the 12-month follow-up and provided reasons (n¼ 19), the most
common reasons for quitting were a desire for self-improvement
(n ¼ 14, 73.7%), difficulty maintaining an e-cigarette device (e.g.,
broken device, inability to afford refills; n¼ 9, 47.4%), and getting
in trouble for vaping at school or home (n ¼ 7, 36.8%).

Discussion

In this longitudinal study of adolescent e-cigarette use with
self-reported and biomarker data, 80.3% of the sample continued
to use e-cigarettes at 12 months, with significantly greater e-
cigarette use frequency, dependence, and nicotine exposure. The
percentage of daily e-cigarette users doubled from 14.5% at
baseline to 29.8% at 12-month follow-up. The patterns of e-
cigarette use observed over time indicate substantial persistence
and the use of greater amounts of nicotine over time (i.e., toler-
ance). These findings lend support to concerns regarding the
addictiveness of e-cigarettes for adolescents [28]. In the United
States, prevalence of past-month e-cigarette use increased
dramatically among adolescents in 2018, whereas cigarette use
declined and cannabis use remained constant [1]. Results of this
study suggest that increased prevalence of recent e-cigarette use
may lead to frequent use, dependence, and greater nicotine
exposure.

Dependence scores at baseline were low on average, with
most participants meeting a classification of “not dependent,”
and 13.3% meeting a classification of moderate to heavy depen-
dence. By 12 months, the percentage classified with moderate to
heavy dependence increased to 23.3%. These findings would
suggest that factors other than dependence are driving early use
of e-cigarettes, and that over the course of just 1 year, more teens
become daily users and more heavily dependent.

Along with the self-reported increase in frequency of e-ciga-
rette use and dependence, cotinine levels increased over time,
reflecting increased exposure to nicotine. The increase in cotin-
ine levels may be both the result of increased dependence and a
catalyst for the development of dependence. Adolescents who
become increasingly dependent on e-cigarettes may increase
their nicotine use, thereby worsening dependence. Notably, de-
vices with higher nicotine yield (e.g., Juul, mods) became
increasingly popular over the course of the 12-month trial,
consistent with the reports of greater nicotine dependence and
higher cotinine levels. Transitions from single to dual and dual to
single nicotine product use were observed in approximately one
in three users over the study period. None of the baseline dual
users abstained from both products at either follow-up, which
may be partially due to their higher dependence on e-cigarettes
at baseline [26], as well as the normalization of smoking behavior
[29] and associations between smoking cues [30] that can
perpetuate use of both products.

Consistent with prior research [19e22], adolescent partici-
pants offered a wide range of reasons for e-cigarette use. The top
three reasons for initiating and continuing use were socializing,
enjoyment, and flavors. The top three reasons for quitting were a
desire for self-improvement, difficulty maintaining an e-ciga-
rette device, and getting in trouble for vaping at home or school.
The top flavors were fruit, menthol/mint, and candy. Taken
together with experimental research demonstrating the influ-
ence of flavors on adolescents’ product choices [31e33], these
findings suggest that efforts to reduce adolescent e-cigarette use
ought to include regulatory action that addresses kid-friendly
flavors. Little research has examined adolescents’ reasons for
quitting e-cigarette use, and our findings preliminarily suggest
that adolescents perceive parental controls and appropriate
disciplinary consequences to be impactful.
Limitations and future directions

All participants were recruited from the San Francisco Bay
Area, and a majority were male and White, which may limit
generalizability. The sample size was relatively small, although
adequate to detect significant differences over time in this
repeated-measures study design. The combination of self-report
and biomarker data was a study strength.

Over the course of a year, the vast majority of adolescents
continued to use e-cigarettes, daily use increased from 14.5% to
29.8%, and product type evolved to higher nicotine delivery de-
vices, with Juul being the most preferred brand at 12 months.
Flavor preferences stayed fairly constant (i.e., fruit/mint/candy
focused), and dependence and cotinine levels increased. Transi-
tions from single to dual and dual to single nicotine product use
were observed in approximately one in three users over the
study period in about equal proportions. None of the baseline
dual users abstained from both products at either follow-up. The
findings indicate persistence in adolescents’ e-cigarette use, with
significant increases in frequency of use and nicotine exposure
over time and with associated increases in dependence.
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