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Abstract

Introduction: Although adolescents’ nicotine addiction from e-cigarettes is a concern, few studies
differentiate between vaping with and without nicotine. This study examines the prevalence of
nicotine and nicotine-free vaping, maps transitions between vaping behaviors, and assesses dif-
ferences in the personal characteristics of vapers in a sample of Norwegian adolescents.

Aims and Methods: Data came from a nationwide longitudinal study of adolescents (n = 2018)
conducted in 2017 (T1), 2018 (T2), and 2019 (T3) (mean age: 14.2, 15.0, and 16.2). Using an on-
line questionnaire, we measured vaping with and without nicotine, snus use, smoking, sensation-
seeking, conduct problems, and levels of depression.

Results: Past 12-month vaping prevalence was stable (12%, 13%, and 15%). Among adolescents
reporting vaping atT1, 66% had used e-cigarettes without nicotine, 22% with nicotine, and 12%
were unsure of nicotine content. Individual vaping trajectories were unstable: of nicotine-free
vapers, 54% became non-users, while 14% became nicotine vapers fromT1 to T2. From T2 to T3,
50% became non-users, while 17% became nicotine vapers. Of nicotine vapers, 39% became non-
users fromT1 toT2, while 46% became non-users fromT2 toT3. Compared to nicotine-free vapers,
nicotine vapers had more conduct problems (mean = 3.67 vs 2.17), had more symptoms of de-
pression (mean = 11.38 vs 6.95), and comprised more past 30-day snus users (33% vs 14%) and
cigarette users (33% vs 9%).

Conclusions: Adolescent vapers most commonly used e-cigarettes without nicotine, few of these
transitioned into nicotine vaping, and a majority became non-users. Nicotine vapers were more
likely to use other tobacco products and have more conduct problems and symptoms of depres-
sion compared to nicotine-free vapers.

Implications: Reporting the prevalence of nicotine-free vaping is critical for assessing nico-
tine exposure and subsequent risks of nicotine addiction. This multi-cohort longitudinal study
showed that use of nicotine-free e-cigarettes is common among young vapers in Norway.
Adolescents’ vaping patterns—both with and without nicotine—are generally temporal and ex-
perimental. Despite the majority of nicotine vapers becoming non-users, they are characterized
by having more conduct problems and poorer mental health, and they more often used other
tobacco products.
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Introduction

The increasing use of electronic cigarettes (e-cigarettes) or vaping
devices among young people, in the United States, in particular,'?
has raised concerns about prolonged nicotine addiction in gener-
ations growing up in the post-smoking era.>* Although e-cigarettes
may or may not contain nicotine—an important distinction when
examining nicotine addiction, studies differentiating between vaping
with and without nicotine are rare, and the transition between the
two has received little attention. In this study, we examine the user
characteristics and stability of vaping with and without nicotine in a
sample of Norwegian adolescents assessed at three timepoints in the
period from 2017 to 2019.

In Norway, 2% of 15- to 16-year-olds reported daily use of
e-cigarettes in 2019, 10% reported use in the last 30 days, while
30% reported having tried.* However, the degree to which these
adolescents used e-cigarettes with nicotine is not known. This is also
relevant from a regulatory standpoint because the sale of e-liquids
that contain nicotine is currently banned. This makes the Norwegian
regulatory context similar to the Australian, but different from that
of the United States and the United Kingdom.® In Norway, adults are
permitted to import e-liquids containing nicotine limited in amount
of up to 3 months of personal use, and the majority of users purchase
devices and e-liquids online.® In contrast, snus (moist smokeless to-
bacco) can be legally purchased by persons over the age of 18. Snus
is currently the most popular nicotine product among Norwegian
adolescents, and 4% of 15- to 16-year-olds reported daily use of snus
in 2019, while 2% reported smoking daily.*

E-cigarettes have contributed to considerable change in the nico-
tine and tobacco market in the past decade. In the United States,
e-cigarettes are now the most used tobacco product among young
people.! The more recent pod-versions, in particular, are found to
appeal to young people,” including nonsmokers.® Past 30-day vaping
among US high school students increased from 12% in 2017 to 21%
in 2018.° In the United Kingdom, 23% of 11- to 18-year-olds re-
ported having tried e-cigarettes. Regular use was more rare, and only
1.6% reported vaping more than once a week.!® Correspondingly, a
recent qualitative, longitudinal study among Norwegian adolescents
portrayed vaping as a time-limited practice. Nicotine vaping was
more common and was described as more attractive, compared to
nicotine-free vaping, indicating that the unstable user patterns could
be attributed to the absence of nicotine addiction.!

E-cigarettes have been marketed as nicotine delivery devices,?
and the majority of adolescents who report use of e-cigarettes also
have experience of other tobacco products.*** However, many ado-
lescents report that they use nicotine-free e-cigarettes, and alterna-
tive user practices have emerged whereby the intake of nicotine is
not necessarily the main motivation.'*!> Examples include vaping
to perform tricks,'¢ to satisfy curiosity, to experience flavors, to con-

17-19 or to administer cannabis.?%?!

form to peer influences,

Several longitudinal studies have investigated vaping among
young people and the risk of subsequent uptake of combust-
ible tobacco.??** Several studies have also observed strong associ-
ations between the combined use of several tobacco products and
e-cigarettes.>*?” Older in contrast to younger adolescents, and boys
in contrast to girls, are found to be more frequent users of multiple
nicotine products.?*-3

However, only a few longitudinal studies have contrasted tran-
sitions in vaping patterns between adolescents using nicotine-free
and nicotine e-cigarettes. Treur et al found that experimenting with

e-cigarettes both with (12.3%) and without nicotine (27.6%) was

widespread among Dutch young people, while regular use was
less common. Only 2.5% of the nicotine vapers and 2.6% of the
nicotine-free vapers reported past-month use. Notably, past-month
vaping was more common among nicotine vapers (9.3%) com-
pared to nicotine-free vapers (4.8%).%* Correspondingly, a 6-month
follow-up study of vaping among high school students in the United
States found that adolescents who vaped with high concentrations
of nicotine also reported higher user frequency and intensity of
both smoking and vaping.’' Similarly, a 2-year longitudinal study in
Finland found that experimentation with nicotine vaping, in contrast
to nicotine-free vaping, increased the risk of daily nicotine vaping.'*

In order to fully understand adolescent vaping, more knowledge
is needed about how adolescents transition between different types
of e-cigarettes, such as from nicotine-free vaping to nicotine vaping.
It is also important to examine whether e-cigarettes are used in com-
bination with other nicotine products, such as cigarettes and snus.
Finally, there is a need for more knowledge about user characteris-
tics.? For instance, it could be the case that adolescents who vape
with nicotine are more sensation-seeking or have more internalized
or externalized problems than non-vapers or nicotine-free vapers.
Knowledge about such potential risk factors may be important for
targeted intervention or prevention efforts.

Against this backdrop, the aims of this longitudinal study were:
(1) to identify the prevalence of e-cigarette use, both with and without
nicotine, among adolescents aged 14 to 16 in each year from 2017 to
2019; (2) to map transitions between the use of nicotine e-cigarettes,
nicotine-free e-cigarettes and nonuse as the participants grow older
from 2017; and (3) to determine if these user groups differ in terms
of snus and cigarette use, gender, age, sensation-seeking, conduct
problems, and symptoms of depression, both cross-sectionally and
prospectively.

Methods

Data

We analyzed data from the MyLife longitudinal study on adoles-
cent substance use in Norway. Details about the study’s design and
recruitment are available in the MyLife Cohort Profile.’> The goal
of the sampling strategy was to attain a nationwide heterogeneous
sample on the criteria of geographical area, urban and rural loca-
tions, and standard of living. In total, 42 lower secondary schools
were invited to participate. Nine schools declined, leaving 33 schools
with a total of 6951 lower secondary pupils. Parents were asked
to consent to study participation, and parental consent forms were
returned for 41935 students, 3512 of which contained parental con-
sent. The project was approved by the Norwegian Data Protection
Authority (reference no.: 15/014935) following ethical evaluation by
the National Committee for Research Ethics in the Social Sciences
and the Humanities (reference no.: 2016/137).

At the first round of data collection (T1, autumn 2017), a 30-mi-
nute online questionnaire was administered by school staff during
school hours for students in lower secondary school. Students who
had graduated from lower secondary school (10th grade) were con-
tacted individually and completed the questionnaire in their own
time. Of the 3512 eligible students, 2975 (85%) completed the
questionnaire. All eligible students were invited to follow-ups (T2
and T3, autumn 2018 and 2019). A total of 2857 students (81%)
completed the questionnaire at T2, and 2651 (75%) at T3. In the
current study, the analysis was restricted to participants who had
completed all three assessments and had provided answers to all
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relevant questions at all three timepoints—in total 2018 adolescents.
Compared to the full sample at T1 (n = 2975), the 957 who were
not available for follow-up comprised more males (OR = 1.44, p
< .001), had a lower average symptoms of depression (b = -0.55,
p =.010), and were more likely to have tried cigarettes (OR = 1.60,
p =.004), but they did not differ from the study sample in terms of
age, sensation-secking, conduct problems, and snus use.

Measures

Vaping at T1 was measured with the question: “Have you ever tried
e-cigarettes?” At T2 and T3, vaping was measured with the ques-
tion: “Have you used e-cigarettes in the last 12 months?” Possible
responses at all timepoints were “Yes” and “No.” Respondents who
answered “Yes” received a follow-up question: “When was the last
time you used e-cigarettes?” Response options were “Today,” “Not
today, but in the last 30 days,” “Not in the last 30 days, but in the
last 12 months,” and “More than 12 months ago.” This informa-
tion was used to define those who were past 12-month vapers at
T1. In addition, these four response options were collapsed into a
dichotomous yes/no variable measuring vaping in the last 30 days.
Smoking and snus use were measured with identical questions, and
two variables measuring past 30-day use were created for both
smoking and snus use.

Those who answered “Yes” for past 12-month vaping were asked:
“Was it with or without nicotine?” Response options were “With
nicotine,” “Without nicotine,” and “Don’t know.” Respondents
could choose more than one option. Those who indicated “With
nicotine,” or both “With nicotine” and “Without nicotine,” com-
prised the “With nicotine” category (coded 1). Respondents who
only indicated “Without nicotine” comprised the “Without nicotine”
category (coded 2). Those who only indicated “Don’t know” com-
prised the “Unsure of nicotine content” category (coded 3). Those
who indicated nonuse comprised a “Non-users” category (coded 0).

Sensation-seeking was measured with the 4-item Brief Sensation
Seeking Scale.’** One example item was: “I like to do frightening
things.” Responses were structured using a S5-point Likert-type
scale, ranging from “Completely disagree” to “Completely agree.”
Cronbach’s alpha was 0.79.

Symptoms of depression were measured with the 9-item Severity
Measure for Depression (child age 11-17 years) included in the
Patient Health Questionnaire.’> The reference period was the pre-
vious 2 weeks. An example item is: “Feeling down, depressed, irrit-
able, or hopeless.” Responses were structured using a 4-point scale,
ranging from “Not at all” (coded 0) to “Nearly every day” (coded 3).
The sum of the 9-item scores, ranging from 0 to 27, was used in the
analysis. Cronbach’s alpha was 0.90.

Behavioral problems involving misconduct were measured by
seven items adopted from the Young in Norway Study.*® The items as-
sess the frequency of destruction of property, lying, fighting, sneaking

out of home, stealing, being loud and belligerent, and bullying others
in the past 12 months. Responses were structured using a 4-point
scale, ranging from “Never” (coded 0) to “5 or more times” (coded 3).
The sum of item scores comprised the conduct problems index.

Analysis

Data analysis was conducted using Stata, version 15 (Stata/SE for
15.0 for Windows, 2017). Transitions of e-cigarette use were visu-
alized in a Sankey diagram using the SankeyMATIC tool*” based on
Supplementary Appendix Table 1. Cohen’s kappa was used to assess
the stability of the distributions of individuals over the four vaping
categories.*® The T1 distribution was successively compared with the
T2 and T3 distributions.

Individual characteristics of non-vapers and vapers at baseline
(T1) are presented as percentages (for the categorical variables
gender, cigarette smoking, and snus use) and means (for the con-
tinuous variables age, sensation-seeking, conduct problems, and de-
pression) with 95% confidence intervals.

To examine the possibility that differences between user groups
were a consequence of past vaping, we also compared characteristics
of respondents who were non-users at all three timepoints with non-
users at T1 who later used e-cigarettes with nicotine and without
nicotine at T2 and/or T3, using the same approach. For both sets of
analyses, those who were unsure of e-cigarette nicotine content, and
those who transitioned into use of ecigarettes without knowledge of
nicotine content after T1 were excluded because of low cell count.

Results

The cross-sectional distributions of past 12-month vapers and non-
vapers at T1, T2, and T3 and 95% confidence intervals (95% CI)
are shown in Table 1. At T1, 233 of 2018 (11.5%) reported past
12-month vaping, irrespective of nicotine content category. Among
the vapers, 66.1% used e-cigarettes without nicotine, 22.3% with
nicotine, and 11.6% were unsure of nicotine content. As the co-
hort grew older, the percentage that had tried vaping during the last
12 months remained at about the same level: 253 of 2018 (12.5%)
at T2 and 292 of 2018 (14.5%) at T3.

At T1, the group that used nicotine-free e-cigarettes was three
times larger than the group that used nicotine e-cigarettes (n = 154,
7.6% vs n = 52,2.6%). Over time, the share of adolescents using
nicotine e-cigarettes increased, while the nicotine-free group de-
creased, and they became gradually more similar in size at T2
(n=138,6.8% vsn = 96,4.8%) and T3 (n = 123, 6.1% vs n = 147,
7.3%). Few vapers reported not knowing the nicotine content: 27
persons (1.3%) at T1, 19 (0.9%) at T2, and 22 (1.1%) at T3.

Current vaping was less common, only 3.7%, 5.1%, and 5.6 % of
the sample reported past 30-day vaping at T1, T2, and T3, respect-
ively (not shown in a table). However, the share of current vapers

Table 1. Prevalence of Past 12-month Vaping for the Study Sample When Assessed in 2017, 2018, and 2019 (n = 2018). Percentages and

95% Confidence Intervals

T1 (mean age 14.2)

T2 (mean age 15.2) T3 (mean age 16.2)

n % (95% CI) N % (95% CI) n % (95% CI)
Non-users 1785 88.4 (87.0-89.8) 1765 87.5 (85.9-88.8) 1726 85.5(83.9-87.0)
Use with nicotine 52 2.6 (2.0-3.4) 96 4.8 (3.9-5.8) 147 7.3 (6.2-8.5)
Use without nicotine 154 7.6 (6.6-8.9) 138 6.8 (5.8-8.0) 123 6.1(5.1-7.2)
Unsure of nicotine content 27 1.3 (0.9-1.9) 19 0.9 (0.6-1.5) 22 1.1 (0.7-1.7)
Total 2018 100 2018 100 2018 100
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was vastly different between vaping groups. At T1, 50.0% of nico-
tine vapers reported past 30-day vaping. Among the nicotine-free
vapers, the corresponding figure was 26.8%.

When following the respondents over time (Figure 1), we found
that among past 12-month non-vapers at T1 (n = 1785), 92.1%
(n = 1644) were still non-users at T2. Among non-vapers at T2
(n=1765),90.8% (n = 1603) were non-users at T3.

Among non-users at T1 (n = 1785), 2.6% (n = 46) used nicotine
e-cigarettes at T2, and 4.5% (n = 79) of non-users at T2 (n = 1765)
had used nicotine e-cigarettes at T3; that is, only a small proportion
started vaping with nicotine during the course of the study. The cor-
responding percentages for non-vaping to nicotine-free vaping were
4.6% (n = 83) for T1-T2, and 3.9% (n = 68) for T2-T3.

Adolescents who used nicotine e-cigarettes were more likely to
change status compared to non-users. Among nicotine vapers at T1
(n=352),51.9% (n = 27) were still nicotine vapers at T2, but 38.5%
(n = 20) were non-users at T2. For T2 to T3, the corresponding fig-
ures were 40.6% (n = 39) and 45.8% (n = 44).

Adolescents who used nicotine-free e-cigarettes were more likely
to change status compared to nicotine vapers. Among nicotine-free
vapers at T1 (n = 154), only 29.9% (n = 46) remained in this cat-
egory at T2. The corresponding percentage for T2 to T3 was 31.2%
(n = 43). One in seven nicotine-free vapers (14.3%, n = 22) transi-
tioned to nicotine vaping from T1 to T2, and one in six nicotine-free
vapers at T2 (16.7%, n = 23) transitioned to nicotine vaping from

Non-user: 1785

Without nicotine: 154
Unknown nico

With nicotine: 52

Unknown nicotine conten;: 19

Non-user = With nicotine  Without nicotine _

T2 to T3. In contrast, 53.9% (n = 83) of nicotine-free vapers at T1
were non-users at T2, and 50.0% (n = 69) of nicotine-free vapers
at T2 were non-users at T3. Therefore, less than 1 in 10 changed
status from nicotine-free vapers to nicotine vapers, and the majority
changed status to non-users.

The assessment of stability of the distributions of individuals
over the four vaping categories using Cohen’s kappa resulted in a
K-value of 0.33 (p < .001) for the T1 vs T2, and k = 0.33 (p < .001)
for the T2 vs T3 vaping categories distributions, which indicates
fair overall stability. For the T1 vs T3 distributions, Cohen’s kappa
(k= 0.13, p < .001) suggests only slight overall stability.

Table 2 presents cross-sectional descriptive statistics for non-
users, nicotine-free vapers, and nicotine vapers at T1. Compared to
non-vapers, vapers were older and had higher scores for sensation-
seeking, conduct problems, and depression (all measured at T1).
Vapers were also more likely to have used snus and cigarettes in the
previous year. There were also notable differences between nicotine
and nicotine-free vapers. Nicotine vapers had higher scores for con-
duct problems and depression and comprised more snus users and
smokers.

Table 3 presents descriptive statistics at T1 for adolescents who
were non-users at T1, T2, and T3, and adolescents who did not vape
at T1 but later reported nicotine or nicotine-free vaping at T2 or T3.
Compared to persistent non-users, non-users who had vaped with
nicotine after T1 were more sensation-seeking, had more conduct

Non-user: 1765 Non-user: 1726

Without nicotine: 138 -\ With nicotine: 147

7777;\7\\\ o . .
nicotine: 96 \Wl ut nicotine: 123

l;tgn;: 22

Figure 1. Individual transitions between different e-cigarette use statuses atT1 (2017, mean age 14.2),T2 (2018, mean age 15.0), and T3 (2019, mean age 16.2).

n=2018.
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problems and symptoms of depression, and comprised more snus and
cigarette users. Adolescents who were non-users at T1 but had vaped
without nicotine after T1 were more similar to persistent non-users,
but were more sensation-seeking and had more conduct problems.

Discussion

This study is one of few longitudinal studies that distinguish between
adolescents’ vaping with and without nicotine. Approximately 12%
of adolescents in this nationwide sample had tried e-cigarettes in
the previous year at baseline. Of these, almost two-thirds reported
exclusively nicotine-free vaping. Although the overall vaping preva-
lence only increased slightly between 2017 and 2019, we identified
an increase in nicotine vaping, so that nicotine vaping became more
popular with increasing age, whereas nicotine-free vaping became
less popular. At each timepoint, about one-third of the vapers re-
ported past 30-day vaping, so the majority cannot therefore be con-
sidered current vapers. However, current vaping was much more
common among nicotine vapers compared to nicotine-free vapers.

In contrast to the overall prevalence, the individual-level vaping
patterns were unstable. Large proportions transitioned between
e-cigarette use groups (non-use, with and without nicotine). Although
there was less stability among nicotine-free vapers compared to nico-
tine vapers, most adolescents who vaped, including with nicotine,
were non-users at a later point in time. Therefore, our findings imply
vaping patterns among adolescents marked by experimentation.

In terms of user group characteristics, nicotine vapers differed
from the non-users and nicotine-free vapers at baseline. The nicotine
vapers had more conduct problems and poorer mental health and
were more often users of other tobacco products.

In this study, we identified widespread and infrequent use of
nicotine-free e-cigarettes among vapers at baseline, which decreased
in proportion with increasing age. This resonates with findings
from a Norwegian qualitative study of adolescents’ vaping, where
nicotine-free vaping was devalued in status from representing nov-
elty and mild opposition to being seen as uninteresting and childish
over a 4-year period.!! The increase in nicotine vaping as the co-
hort grew older corresponds with findings from the United States.’
Further echoing findings from the United States and Europe, nicotine
vaping in our study was also associated with more frequent use (past
30 days) compared to nicotine-free vaping.'®!52534 Therefore, the
increase in nicotine vaping can pose greater concern than nicotine-
free vaping, because it is associated with more frequent use and in-
creased likelihood of a subsequent nicotine addiction.>*!*

Despite the increase in nicotine vaping in the overall sample, we
found that most vapers changed user status during the study period.
This lack of stability indicates that adolescent vaping practices are
marked by experimentation.!®*! This could be a result of adoles-
cents’ nicotine-free vaping and the associated lower likelihood of
addiction. However, the unstable use patterns among adolescents
who used nicotine e-cigarettes suggest important factors other than
nicotine addiction. Adolescence is a particularly critical period in
human development, especially with regards to substance use, when
young people become increasingly aware of potential benefits and
less convinced of the associated risks.* In contrast to adult vapers
who report using e-cigarettes as a smoking cessation aid,*** alter-
native motives for vaping have been observed among young people,
including curiosity, flavors, performance aspects, perceived coolness,
novelty, peer influences, or as mechanisms of misbehavior.!:17:1

The common use of nicotine-free e-cigarettes and the experimen-
tation rather than stable and regular use found in our study can

also be interpreted in the light of exposure and accessibility. Despite
the sale to adolescents of tobacco products and e-cigarettes being
prohibited in most parts of the world,? the current ban on nicotine
e-cigarettes in domestic shops in Norway may further have limited
the respondents’ exposure to vaping, and particularly their access to
the latest category of nicotine-flavored pod-devices found to appeal
to young people in the United States.”

Characteristics of Vaping Groups

There are several other important explanatory factors to be con-
sidered when investigating adolescents’ nicotine-free and nicotine
vaping patterns. In our study, we focused on the use of other to-
bacco products, and known predictors of smoking such as sensation-
seeking, deviant behavior, and poor mental health.

One key finding was that, despite frequent transitions between
vaping groups, and nonuse during the study period, adolescent
vapers still differed from non-users in several ways at T1. As most
studies report, vaping was more common among older compared to
younger adolescents,”* more common in boys than in girls,?%3%% and
more common among those who used other nicotine products.?>540
In line with a recent study from the United States,* vaping adoles-
cents were also more sensation-seeking, which could indicate lower
self-control.¥” They also had more conduct problems, and higher
average levels of depression compared to non-users. Moreover, at
T1, nicotine vapers had poorer mental health compared to nicotine-
free vapers, which is in line with the identified higher prevalence
of depression among regular vapers.* They also had more conduct
problems and higher likelihood of smoking and snus use compared
to nicotine-free vapers.

Importantly, the non-users at T1 who later reported nicotine
vaping (T2/T3) also had higher levels of depression and more
conduct problems, were more sensation-seeking, and were more
likely to use cigarettes and snus regularly compared to persistent
non-users. While non-users who later reported nicotine-free
vaping only were more sensation-seeking and had more conduct
problems compared to the persistent non-user group. As sug-
gested by Chan et al, underlying characteristics can thus seem to
make some adolescents more likely to engage in practices such as
vaping and tobacco use.? Several of these characteristics among
vapers, and in particular among the nicotine vapers, have previ-
ously been identified as risk factors of smoking. This may indicate
common liabilities among adolescents who use e-cigarettes and
cigarettes.”>*

Implications

Our findings imply two qualitatively different vaping patterns among
adolescents: the use of nicotine-free e-cigarettes seems to indicate
more innocent experimentation,!! while vaping with nicotine can be
associated with more problematic behaviors, such as more frequent
vaping, combined use of other tobacco products, and mental health
issues.’?%3 Knowledge of such differences is crucial for targeting
prevention and intervention. Future research should include moni-
toring the use of nicotine in adolescents’ vaping patterns.

Persistent monitoring of nicotine-free and nicotine vaping will be
particularly relevant in Norway, due to the expected implementation
of the Tobacco Product Directive (TPD) in 2022, which will make
nicotine e-cigarettes available in domestic outlets. Increased avail-
ability may increase adolescents’ nicotine vaping.” In turn, changes
in accessibility and exposure to e-cigarettes might require new strat-
egies to prevent increased nicotine use in this age segment.



406

Nicotine & Tobacco Research, 2022, Vol. 24, No. 3

Strengths and Limitations

A strength of this study was the use of longitudinal data from a
sizeable nationwide study. This made it possible to identify dif-
ferent individual-level use patterns over the course of 2 years.
There are also limitations. Firstly, the aim of the sampling strategy
was to recruit a nationwide heterogeneous sample of adolescents.
The sample was therefore not randomly drawn from the whole
population of adolescents. Secondly, because parental consent was
a requirement for participation, a considerable number or poten-
tial respondents were not reached. Therefore, we have to show
caution in generalizing our results relative to the general popu-
lation of Norwegian adolescents. Thirdly, only a subsample of
those included at T1 were available for our analyses at T2 or T3,
and those not included comprised more boys, had a lower level of
depression, and more often used cigarettes at T1. How this may
have affected the results is difficult to ascertain. Fourthly, all meas-
ures were based on self-reports, which can lead to known biases,
such as selective recall and socially desirable responses, especially
among younger participants. Fifthly, because nicotine vaporizers,
pods, and liquids are unavailable among Norwegian vendors under
the current regulatory regime, generalization concerning countries
with a different product portfolio may be limited. Lastly, due to
low prevalence, a relatively small number of adolescents in the
sample had vaped with nicotine at T1. This limited our analysis
options and our ability to detect small differences. A considerably
larger dataset would have been required to differentiate between
use frequency groups (eg, daily, weekly, monthly, and rarely), but
this would have allowed detailed mapping of transitions between
use frequency groups and detailed examination of risk factors for
such transitions. Studies that include repeated measures for sam-
ples that include sufficient numbers of adolescent daily vapers
(with and without nicotine) should be conducted to provide more
detailed knowledge about adolescent vaping.

Conclusions

In this study, 1 in 9 of the Norwegian adolescents reported past
12-month vaping, and 1 in 25 reported past 30-day vaping at
baseline. Of these past year vapers, 7 out of 10 used nicotine-
free e-cigarettes, while only 2 in 10 used nicotine e-cigarettes.
Further, adolescents’ vaping trajectories, both with and without
nicotine, were unstable, which indicates that experimentation
does not necessarily lead to stable use patterns. Nonetheless and
irrespective of nicotine use, we find that adolescents who use
e-cigarettes differ from non-users. Vapers were older, they more
often used cigarettes and snus and they had higher scores for
sensation-seeking, depression, and conduct problems. In add-
ition, nicotine and nicotine-free vapers differ from one another.
Nicotine vapers were more likely to use other tobacco products,
and have more conduct problems and higher levels of depression
compared to their nicotine-free vaping peers. In summary, these
findings highlight the importance of monitoring both nicotine-
free and nicotine vaping in future studies on vaping among
adolescents.

Supplementary Material

A Contributorship Form detailing each author’s specific involvement with this
content, as well as any supplementary data, are available online at https://
academic.oup.com/ntr.

Funding

R.T’s work with this research was until July 2021 carried out at the
Department of Alcohol, Tobacco and Drugs, Norwegian Institute of Public
Health and was supported by a grant (2015/FO5245) from the Norwegian
Dam Foundation (previously named the Extra Foundation).

Declaration of Interests

The authors declare no conflicts of interest.

Data availability

Due to confidentiality agreements, supporting data can currently only be made
available to researchers affiliated with the MyLife project. Details of the data
and how to request access will become available from Geir Brunborg at the
Norwegian Institute of Public Health.

References

1. Cullen KA, Gentzke AS, Sawdey MD, et al. e-Cigarette use among youth
in the United States, 2019. JAMA. 2019;322(21):2095-2103.

2. Bold KW, Kong G, Camenga DR, et al. Trajectories of e-cigarette and con-
ventional cigarette use among youth. Pediatrics. 2018;141(1):¢20171832.

3. Klein JD. E-cigarettes: a 1-way street to traditional smoking and nicotine
addiction for youth. Pediatrics. 2018;141(1):¢20172850.

4. ESPAD Group. ESPAD Report 2019. Results from the European School
Survey Project on Alcohol and Other Drugs. Luxembourg: Publications
Office of the European Union; 2020.

5. Bold KW, Krishnan-Sarin S. E-cigarettes: tobacco policy and regulation.
Curr Addict Rep. 2019;6(2):75-85.

6. Vedoy TF, Lund KE. Selvrapporterte forsyningskilder for sigaretter, snus
og e-sigaretter. Tidsskr Nor Laegeforen. 2017;137(16):1185-1190.

7. Huang J, Duan Z, Kwok J, et al. Vaping versus JUULing: how the extra-
ordinary growth and marketing of JUUL transformed the US retail
e-cigarette market. Tob Control. 2019;28(2):146-151.

8. Hajek P, Pittaccio K, Pesola F, Myers Smith K, Phillips-Waller A, Przulj D.
Nicotine delivery and users’ reactions to Juul compared with cigarettes
and other e-cigarette products. Addiction. 2020;115(6):1141-1148.

9. Miech R, Johnston L, O’Malley PM, Bachman ]G, Patrick ME. Adolescent
vaping and nicotine use in 2017-2018 — U.S. national estimates. N Engl |
Med. 2019;380(2):192-193.

10. ASH. Fact sheet: use of e-cigarettes among young people in Great Britain.
https://www.drugsandalcohol.ie/30694/1/ASH-Factsheet-Youth-E-
cigarette-Use-2019.pdf. Published June 2019. Accessed October 2021.

11. Tokle R. ‘Vaping and fidget-spinners’: a qualitative, longitudinal study of
e-cigarettes in adolescence. Int | Drug Policy. 2020;82:102791.

12. Vansickel AR, Eissenberg T. Electronic cigarettes: effective nico-
tine delivery after acute administration. Nicotine Tob Res.
2013;15(1):267-270.

13. Collins LK, Villanti AC, Pearson JL, et al. Frequency of youth e-cigarette
and tobacco use patterns in the United States: measurement precision is crit-
ical to inform public health. Nicotine Tob Res. 2017;19(10):1253-1254.

14. Kinnunen JM, Ollila H, Minkkinen J, Lindfors PL, Timberlake DS,
Rimpeld AH. Nicotine matters in predicting subsequent smoking after
e-cigarette experimentation: a longitudinal study among Finnish adoles-
cents. Drug Alcohol Depend. 2019;201:182-187.

15. Pepper JK, Farrelly MC, Watson KA. Adolescents’ understanding and use
of nicotine in e-cigarettes. Addict Behav. 2018;82:109-113.

16. Tokle R, Pedersen W. “Cloud chasers”and “substitutes”: e-cigarettes, vaping
subcultures and vaper identities. Sociol Health Illn. 2019;41(5):917-932.

17. Hardcastle K, Hughes K, Worsley ], et al. Most people I know have got
one: young people’s perceptions and experiences of electronic cigar-
ettes. Liverpool, UK: Centre for Public Health, Liverpool John Moores
University; 2014:1-31.


https://academic.oup.com/ntr
https://academic.oup.com/ntr
https://www.drugsandalcohol.ie/30694/1/ASH-Factsheet-Youth-E-cigarette-Use-2019.pdf
https://www.drugsandalcohol.ie/30694/1/ASH-Factsheet-Youth-E-cigarette-Use-2019.pdf

Nicotine & Tobacco Research, 2022, Vol. 24, No. 3

407

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Krishnan-Sarin S, Morean ME, Camenga DR, Cavallo DA, Kong G.
E-cigarette use among high school and middle school adolescents in
Connecticut. Nicotine Tob Res. 2015;17(7):810-818.

Measham F, O’Brien K, Turnbull G. “Skittles & Red Bull is my favourite
flavour™: e-cigarettes, smoking, vaping and the changing landscape of
nicotine consumption amongst British teenagers — implications for the
normalisation debate. Drug-Educ Prev Polic. 2016;23(3):224-237.

Hall W, Gartner C, Bonevski B. Lessons from the public health responses
to the US outbreak of vaping-related lung injury [published online ahead
of print May 30, 2020]. Addiction. 2020;116(5):985-993.

Knapp AA, Lee DC, Borodovsky JT, Auty SG, Gabrielli J, Budney AJ.
Emerging trends in cannabis administration among adolescent cannabis
users. | Adolesc Health. 2019;64(4):487-493.

Leventhal AM, Strong DR, Kirkpatrick MG, et al. Association of electronic
cigarette use with initiation of combustible tobacco product smoking in
early adolescence. JAMA. 2015;314(7):700-707.

Chan GCK, Stjepanovi¢ D, Lim C, et al. Gateway or common liability?
A systematic review and meta-analysis of studies of adolescent e-cigarette
use and future smoking initiation. Addiction. 2021;116(4):743-756.
Villanti AC, Pearson JL, Glasser AM, et al. Frequency of youth e-cigarette
and tobacco use patterns in the United States: measurement precision is crit-
ical to inform public health. Nicotine Tob Res. 2017;19(11):1345-1350.
Treur JL, Rozema AD, Mathijssen JJP, van Oers H, Vink JM. E-cigarette
and waterpipe use in two adolescent cohorts: cross-sectional and longitu-
dinal associations with conventional cigarette smoking. Eur | Epidemiol.
2018;33(3):323-334.

Barnett TE, Soule EK, Forrest JR, Porter L, Tomar SL. Adolescent elec-
tronic cigarette use: associations with conventional cigarette and hookah
smoking. Am | Prev Med. 2015;49(2):199-206.

Lundberg CS, Kvaavik E, Tokle R. Nye bruksmenstre i et tobakksmarked i
endring — kombinert bruk av sigaretter, snus og e-sigaretter blant ungdom.
Nordisk Alkobol Nark. 2019;36(1):6-20.

Arrazola RA, Singh T, Corey CG, et al. Tobacco use among middle and
high school students—United States, 2011-2014. MMWR Morb Mortal
Whiy Rep. 2015;64(14):381-385.

Miech RA, O’Malley PM, Johnston LD, Patrick ME. E-cigarettes
and the drug use patterns of adolescents. Nicotine Tob Res.
2016318(5):654-659.

Ali M, Gray TR, Martinez DJ, Curry LE, Horn KA. Risk profiles
of youth single, dual, and poly tobacco users. Nicotine Tob Res.
2016;18(7):1614—1621.

Goldenson NI, Leventhal AM, Stone MD, McConnell RS, Barrington-
Trimis JL. Associations of electronic cigarette nicotine concentration with
subsequent cigarette smoking and vaping levels in adolescents. JAMA
Pediatr. 2017;171(12):1192-1199.

Brunborg GS, Scheffels J, Tokle R, Buvik K, Kvaavik E, Burdzovic Andreas J.
Monitoring young lifestyles (MyLife) — a prospective longitudinal

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

quantitative and qualitative study of youth development and substance
use in Norway. BMJ Open. 2019;9(10):e031084.

Stephenson MT, Hoyle RH, Palmgreen P, Slater MD. Brief measures of
sensation seeking for screening and large-scale surveys. Drug Alcohol
Depend. 2003;72(3):279-286.

Vallone D, Allen JA, Clayton RR, Xiao H. How reliable and valid is the
Brief Sensation Seeking Scale (BSSS-4) for youth of various racial/ethnic
groups? Addiction. 2007;102(Suppl 2):71-78.

Léwe B, Kroenke K, Herzog W, Grife K. Measuring depression outcome
with a brief self-report instrument: sensitivity to change of the Patient
Health Questionnaire (PHQ-9). | Affect Disord. 2004;81(1):61-66.
Pedersen W, Samuelsen SO, Wichstrom L. Intercourse debut age: poor re-
sources, problem behavior, or romantic appeal? A population-based longi-
tudinal study. J Sex Res. 2003;40(4):333-345.

Bogart S. SankeyMATIC. http://sankeymatic.com/build/. Published 2020.
Accessed December 2020.

Cohen J. A coefficient of agreement for nominal scales. Educ Psychol
Meas. 1960520(1):37-46.

Morean ME, Kong G, Cavallo DA, Camenga DR, Krishnan-Sarin S.
Nicotine concentration of e-cigarettes used by adolescents. Drug Alcohol
Depend. 2016;167:224-227.

Kinnunen JM, Rimpeli AH, Lindfors PL, et al. Electronic cigar-
ette use among 14- to 17-year-olds in Europe. Eur | Public Health.
2021;31(2):402-408.

Evans-Polce RJ, Patrick ME, Lanza ST, Miech RA, O’Malley PM,
Johnston LD. Reasons for vaping among U.S. 12th graders. ] Adolesc
Health. 2018;62(4):457-462.

Forehand R, Wierson M. The role of developmental factors in planning
behavioral interventions for children: disruptive behavior as an example.
Behav Ther. 1993;24(1):117-141.

Tokle R. Bottom-up meets top-down: exploring vapers’ accounts of risk in
a context of e-cigarette controversies. Health Risk Soc. 2020;22(2):1-18.
Wadsworth E, Neale J, McNeill A, Hitchman SC. How and why do
smokers start using e-cigarettes? Qualitative study of vapers in London,
UK. Int | Environ Res Public Health. 2016;13(7):661.

Hanewinkel R, Isensee B. Risk factors for e-cigarette, conventional cigarette,
and dual use in German adolescents: a cohort study. Prev Med. 2015;74:59-62.
Hoffmann JP. Sensation seeking and adolescent e-cigarette use. | Subst
Use. 2020;26(5):1-7.

Hoffmann JP. Social learning, social bonds, self-control and adolescent
nicotine vaping. Subst Use Misuse. 2021;56(6):1-12.

Cummins SE, Zhu S-H, Tedeschi GJ, Gamst AC, Myers MG. Use of
e-cigarettes by individuals with mental health conditions. Tob Control.
2014;23(Suppl 3):1ii48-iii53.

Kozlowski LT, Warner KE. Adolescents and e-cigarettes: objects of
concern may appear larger than they are. Drug Alcohol Depend.
2017;174:209-214.


http://sankeymatic.com/build/

