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ABSTRACT

Background and Aim There have been substantial recent changes in youth tobacco product use in the United States—
including, notably, a rapid increase in use of e-cigarettes. It is not known whether, and if so how far, these changes are
reflected in levels of nicotine dependence. This study used data from a large, nationally representative sample of US ado-
lescents to (i) estimate the annual prevalence of nicotine dependence in relation to current use of tobacco products, (ii)
describe trends in dependence over time and (iii) evaluate whether the increase in youth use of tobacco products has been
paralleled by a similar increase in the population burden of nicotine dependence.Design Secondary analysis of National
Youth Tobacco Surveys conducted annually, 2012–19. Setting United States. Participants A total of 86 902 high
school students. Measurements Prevalence of (i) strong cravings to use tobacco in the past 30 days and (ii) wanting
to use nicotine products within 30 minutes of waking, in relation to type of product used (cigarettes, other combustible
tobacco, smokeless tobacco, e-cigarettes). Findings Between 2012 and 2019 there was a marked decline in past
30-day cigarette smoking and a surge in use of e-cigarettes. Different products were associated with differing levels of nic-
otine dependence, with cigarettes characterized by highest dependence (strong craving 42.3%; wanting to use within
30 minutes 16.8% among exclusive users in 2019) and e-cigarettes in otherwise tobacco-naive students by low depen-
dence (16.1 and 8.8% respectively in 2019). The overall 33.8% increase in population use of nicotine products between
2012 and 2019 (from 23.2 to 31.2%) was not accompanied by an equivalent increase in overall population burden of de-
pendence {percentage reporting craving 10.9% [95% confidence interval (CI) = 9.8–12.2%] in 2012 and 9.5% (95%
CI = 7.5–12.0%) in 2019; wanting to use within 30 minutes 4.7% (95% CI = 4.0–5.5%) in 2012, 5.4% (95%
CI = 4.0–7.2%) in 2019}. Conclusions Among US high school students, increases in the prevalence of nicotine product
use from 2012 to 2019 do not appear to have been accompanied by a similar increase in the population burden of nicotine
dependence. This may be at least partly attributable to a shift in the most common product of choice from cigarettes (on
which users are most dependent) to e-cigarettes (on which users are least dependent).
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INTRODUCTION

Globally, cigarette smoking is a leading public health con-
cern. Smoking is typically initiated and established in ado-
lescence [1], tracks strongly across the life-course [2] and is
associated with increased risk of disease, disability and pre-
mature death [3]. Cigarettes are highly addictive, leading
inmany cases to great difficulty in achievingandmaintain-
ing abstinence. For these reasons, preventing the uptake of
cigarette smoking is a priority. In the United States, con-
cerns about youth smoking extends beyond cigarettes to

a range of other tobacco and nicotine products. The Cen-
ters for Disease Control and Prevention (CDC) emphasize
the critical role of preventing tobacco product use among
youth in ending the US tobacco epidemic [4].

While data from the National Youth Tobacco Survey
(NYTS) have shown a decline in youth tobacco use in re-
cent years, reports of an increase in prevalence of use of
any tobacco product among high school students in
2018 (up 38.3% on 2017 estimates, from 19.6 to
27.1%) provided cause for concern [5,6]. However, there
was substantial variation in patterns of prevalence among
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different types of tobacco product. A wide variety of
tobacco products are available in the United States,
including cigarettes, other combustible tobacco (e.g. cigars,
cigarillos, bidis, hookahs), smokeless tobacco (e.g. chewing
tobacco, snuff, dip) and e-cigarettes. Although e-cigarettes
are not widely classified as—and do not contain—tobacco
[7], many contain nicotine and they are categorized
as a tobacco product in the United States under a
court-endorsed legal framework for Food and Drug
Administration (FDA) regulation. It is e-cigarettes that
are the driving force behind the rising prevalence of
youth use of tobacco products, with past 30-day use of
e-cigarettes by high school students increasing from
11.7% in 2017 to 20.8% and 27.5% in 2018 and 2019,
respectively [5,8]. Meanwhile, use of cigarettes (the next
most popular product category) declined to a historical
low of 5.8% in 2019 [8].

In terms of their potential impact on health, a key fea-
ture of tobacco products, including e-cigarettes, is their
tendency to result in dependence. Nicotine, present in to-
bacco products, binds to nicotinic acetylcholine receptors
in the ventral tegmental area of the brain and triggers
the release of dopamine in the nucleus accumbens. Dopa-
mine acts as a neural ‘teaching signal’, which causes the
brain to form an association between the current situation
and the impulse to engage in whatever action immediately
preceded this release (e.g. smoking). Repeated absorption of
nicotine from cigarettes is known to cause changes to the
functioning of the ventral tegmental area and nucleus ac-
cumbens: when levels of nicotine in the brain are lower
than usual there is an abnormally low level of neural activ-
ity in these regions [9]. This leads to feelings of need (‘crav-
ing’) for nicotine to restore normal functioning. As a result
of neural adaptation to the presence of nicotine in the
brain, many smokers experience nicotine withdrawal
symptoms (e.g. irritability, restlessness, difficulty concen-
trating) within a few hours of abstinence from cigarettes
[9–11]. Thus, dependence is characterized by cravings,
feeling a need to use tobacco and withdrawal symptoms
during periods of abstinence. Understanding how far differ-
ent tobacco product categories—which provide different
nicotine concentrations and methods of nicotine delivery
—differ in the levels of dependence experienced by users,
and how changing patterns of use of these products have
affected the overall prevalence or burden of nicotine depen-
dence among youth, is important in evaluating the ‘big pic-
ture’ of youth tobacco use in the United States and its
implications for public health.

Surveys of college students indicate that young people
who use tobacco products perceive e-cigarettes to be less
addictive than cigarettes [12]. This perception may reflect
how the nicotine delivery profile of e-cigarette devices
varies considerably, with some devices providing much less
than cigarettes [13]. Also, inexperienced users are typically

able to obtain less nicotine from e-cigarettes [13]. It has
also been suggested that it may be attributable to
e-cigarette marketing claims or users not ‘feeling’ addicted
or experiencing cravings [12]. This is corroborated by com-
parisons of cravings and withdrawal symptoms among
adult users of different tobacco product categories, which
show weaker evidence of dependence among exclusive
e-cigarette users than exclusive cigarette smokers, and
the highest levels of dependence among dual users of ciga-
rettes and e-cigarettes [14,15].Whether the patterns of de-
pendence across tobacco product categories are similar in
youth is not known.

In this paper we use data from the NYTS between 2012
and 2019 to analyse indicators of nicotine dependence in
relation to current use of tobacco products and
e-cigarettes amongUS high school students.We also report
on time trends in the overall burden of nicotine dependence
in this population and compare these with time trends in
youth use of tobacco products. Specifically, we aimed to ad-
dress the following research questions:
1. Between2012and2019,whatwas the population bur-

den of nicotine dependence, indexed by prevalence of (i)
strong cravings to use tobacco in the past 30 days and
(ii) wanting to use nicotine products within 30minutes
of waking, among US high school students who, in the
past 30 days, had used (a) no tobacco product, (b)
e-cigarettes only, (c) smokeless (but no combustible) to-
bacco, with/without e-cigarettes, (d) combustible to-
bacco (but no cigarettes), with/without e-cigarettes
and (e) cigarettes, with/without e-cigarettes?

2. What function best describes trends in the population
burden of nicotine dependence among US high school
students between 2012 and 2019?

3. Between 2012 and 2019, was the substantial increase
in the prevalence of tobacco product use among US
high school students paralleled by a comparable in-
crease in the population burden of nicotine
dependence?

METHOD

Design

Cross-sectional analysis of data from the National Youth
Tobacco Survey (NYTS) collected annually between 2012
and 2019.

Data

The NYTS is designed to produce a nationally representa-
tive cross-sectional sample of students from US middle
and high schools. It was developed to inform national
and state tobacco prevention and control programmes.
Full details of the NYTS methodology are available else-
where [16]. Briefly, a three-stage cluster sampling
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procedure is used to generate a nationally representative
sample of students in grades 6–12. An anonymous, self-
administered questionnaire is used to collect data on a
range of variables relevant to tobacco use. Until 2018 the
survey was administered in paper-and-pencil form, with a
switch to digital in 2019. For the present analysis, we used
data on high school students (grades 9–12) collected
between 2012 and 2019, as these surveys have included
questions on nicotine dependence. Throughout this period,
a total of 86 902 high school students completed the
survey, with overall annual response rates (calculated as
the product of the school- and student-level participation
rates) ranging between 63.4 and 73.6%.

Measures

Measurement of tobacco product use

Current use of tobacco products was defined as any use
of the following four product categories in the past
30 days: cigarettes, other combustible tobacco (defined
as cigars, cigarillos, little cigars, pipes, bidis, hookahs),
non-combustible tobacco (chewing tobacco, snuff, dip,
snus and dissolvable tobacco) and e-cigarettes.

Measurement of nicotine dependence

Nicotine dependence was assessed using measures of crav-
ing and time to wanting to first use tobacco products after
waking. These questions were asked in the context of sur-
vey guidance that made it explicitly clear to respondents
that tobacco products included e-cigarettes: ‘The next six
sections of questions ask about your use of particular kinds
of tobacco products, such as cigarettes, cigars, smokeless
tobacco, electronic cigarettes, hookahs, pipes, snus, dissolv-
able tobacco, and bidis’.

Craving was assessed with the question: ‘During the
past 30 days, have you had a strong craving or felt like
you really needed to use a tobacco product of any kind?’,
with ‘yes/no’ response options. This item was first included
in the 2012 NYTS and has been asked in every year since
2014. In 2012 and 2014 examples were given at the end
of the question: in 2012, ‘such as smoking a cigarette or
using chewing tobacco, snuff, dip, or snus’ and in 2014,
‘such as smoking a cigarette or cigar, or using chewing to-
bacco’. No examples were given in subsequent surveys.

Time towanting to first use tobacco products after wak-
ing was assessed with the question: ‘How soon after you
wake up do you want to use a tobacco product?’. This item
was first included in the 2012NYTS and has been asked in
every year subsequently. Response options in 2012 and
2013were: (i) ‘I do not use tobacco’, (ii) ‘within 5minutes’,
(iii) ‘from6 to 30minutes’, (iv) ‘frommore than30minutes
to 1 hour’, (v) ‘after more than 1 hour but less than
24 hours’ and (vi) ‘I rarely want to use tobacco’. In 2014,

the first response option was changed from ‘I do not use to-
bacco’ to ‘I do not want to use tobacco’, and the revised
wording has been used in all subsequent surveys. For our
analysis, we dichotomized responses to reflect wanting to
first use tobacco products within 30minutes of waking [re-
sponses (ii) and (iii) versus all other options], a commonly
used andvalidated indicator of nicotine dependence among
adults [17]. Because youth users may have greater con-
straints on their ability to use within this time-frame, we
ran sensitivity analyses using a dichotomy that reflected
wanting to first use within 60 minutes of waking [re-
sponses (ii), (iii) and (iv) versus all other options].

Statistical analysis

Prevalence estimates

We used the complex survey analysis module in SPSS ver-
sion 24 to adjust for the sampling design of the survey and
to generate estimates [with 95% confidence intervals (CI)]
of nicotine dependence (indexed by past 30-day craving
and wanting to first use tobacco products within 30 mi-
nutes of waking) in relation to current use of tobacco prod-
ucts and survey year. As a sensitivity analysis, we also
estimated the prevalence of wanting to first use tobacco
products within 60 minutes of waking.

We defined the population burden of nicotine depen-
dence as the overall population average dependence score
(for either cravingorwanting to first usewithin 30minutes
of waking) among all participants, including those who re-
ported not having used any product in the past 30 days.

Trend analysis

Using R version 3.6.3, we conducted a trend analysis of
population-level indices of dependence during the study pe-
riod (2012–19). First, time (survey year) was regressed
onto (i) prevalence of past 30-day craving and (ii) wanting
to first use tobacco products within 30 minutes of waking
in a simple linear regressionmodel. Next, several additional
models were assessed: (1) quadratic, (2) cubic, (3) logarith-
mic (level-log model), (4) exponential (log-level model) and
(5) power (log–log model). Other functions (e.g. quartic
and quantic polynomial regressions) were not tested, as
we did not believe they would reflect plausible underlying
trends in prevalence and could lead to overfitting. Because
craving was not assessed in 2013, the missing value was
imputed with the mean of 2012 and 2014.

To identify the best overall models, all the resulting re-
gression models were compared using the Akaike informa-
tion criterion (AIC) as the primary measure of fit and the
adjusted R2 and Bayesian information criterion (BIC) as
secondary measures of fit. In general, the smaller the AIC
and BIC and the larger the adjusted R2, the better the
model fit. A prerequisite in using the AIC and BIC to
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compare models is that the dependent variable is on the
same scale; thus, to ensure equivalence for the exponential
trend and power trend models, a correction was applied to
the AIC and BIC. This involved adding the Jacobian of the

log transformation; that is 2∑
i
log yi

� �
, where y is the out-

come variable of interest. Model fit indices for each model
are shown in Supporting information, Table S1. We report
results of the linear and best fitting models in Supporting
information, Table S2.

Comparison of changes in dependence against the increase in
tobacco product use

To assess whether changes in youth use of tobacco prod-
ucts over the study period were paralleled by similar
changes in the population burden of nicotine dependence,
we aimed to compare estimates from the best-fitting
models for dependence with corresponding results for
product use. Because the best-fitting model for each vari-
able (both measures of dependence and product use) was
cubic (Supporting information, Tables S1 and S3), and it
is difficult to meaningfully compare cubic parameters
(which include separate estimates for linear, quadratic
and cubic components), we used piece-wise regression
with a break-point at the point of inflexion (2017) to ap-
proximate trends in a way that can more easily be com-
pared and interpreted. This model provided a good fit for
the data (Supporting information, Table S4); results are
shown in Supporting information, Table S5. In separate re-
gression models, we then compared slopes before and after
the 2017 break-point for (i) past 30-day craving versus
past 30-day product use and (ii) wanting to first use to-
bacco products within 30 minutes of waking versus past
30-day product use. For each slope, we tested the interac-
tion between variable (dependence versus product use)
and year on prevalence.

The analyses were not pre-registered and so the results
should be considered exploratory.

RESULTS

Between 2012 and 2019, patterns of tobacco product use
changed substantially among high school students. The
prevalence of past 30-day use of any tobacco product in-
creased from 23.2 to 31.2%. The prevalence of past
30-day use of e-cigarettes increased dramatically, use of
cigarettes declined and use of combustible (non-cigarette)
and smokeless tobacco was relatively stable (Fig. 1a).
Among users of cigarettes and other combustible tobacco,
the proportion who used e-cigarettes increased consider-
ably, with dual use of cigarettes and e-cigarettes becoming
more common than exclusive cigarette use from 2014, al-
though there was little change in the prevalence of
e-cigarette use among users of smokeless tobacco (Fig. 1b).

Measures of nicotine dependence varied substantially
by type of product used in the past 30 days (Fig. 2). With
the exception of 2013, at each time-point the highest point
estimates for dependence were seen in dual users of ciga-
rettes and e-cigarettes. In 2019, 53.8% of dual cigarette
and e-cigarette users reported strong craving for tobacco
in the past 30 days and 35.5% reported wanting to first
use tobaccowithin 30minutes of waking. High levels of de-
pendence were also observed among cigarette smokers
who did not use e-cigarettes (42.3 and 16.8%, respectively,
in 2019). Among those who used any tobacco product in
the past 30 days, the lowest levels of dependence were ob-
served among those who used e-cigarettes only (16.1 and
8.8% in 2019) or combustible (non-cigarette) tobacco
without e-cigarettes (13.3 and 11.1% in 2019). Wanting
to first use tobacco within 60 minutes of waking followed
the same pattern (Supporting information, Table S6).

Despite the considerable changes in product use and
the association between product use and nicotine depen-
dence, changes in the population burden of nicotine depen-
dence during the study period were modest (Fig. 3). The
best-fitting regressionmodels for both craving andwanting
to first use tobacco within 30 minutes of waking were cu-
bic trend models (Supporting information, Tables S1 and
S2). The proportion of all high school students reporting
strong craving for tobacco in the past 30 days fell from
10.9% in 2012 to 7.2% in 2017, then increased to 9.5%
in 2018 and 2019 (Table 1, Fig. 3a). A similar pattern
was seen for reports of wanting to first use tobacco prod-
ucts within 30 minutes of waking (4.7% in 2012, 2.9%
in 2017, 5.4% in 2019; Table 2, Fig. 3b). Between 2012
and 2017, the slopes for measures of dependence (using
piece-wise regression) did not differ significantly from the
slope for tobacco product use, indicating a similar change
in prevalence over time (Supporting information, Table
S7). However, between 2017 and 2019, the slope for want-
ing to first use tobacco within 30 minutes of waking was
significantly less steep than the slope for tobacco product
use (β = –4.55, 95% CI = –9.04 to �0.06), indicating a
smaller increase in prevalence over time. A similar differ-
ence was evident between past 30-day craving and past
30-day tobacco product use, although it did not reach sta-
tistical significance (β = –4.65, 95% CI = –9.96 to 0.66).

DISCUSSION

Between 2012 and 2019, the prevalence of past 30-day
use of tobacco products among US high school students
rose from 23.4 to 31.3%, an increase of one-third
(33.8%). During the same period, both craving and time
to wanting to use followed cubic trends, showing an initial
decline, bottomingout in 2017, before a subsequent return
to 2012 levels in 2019. The fact that there has not been an
overall increase from 2012 to 2019 in the population

1862 Sarah E. Jackson et al.

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction, 116, 1859–1870



burden of nicotine dependence while the prevalence of to-
bacco product use has risen by a third can be attributed
to changes in the patterns of product use over time. Our re-
sults indicate that the decline in use of cigarettes has seen a
population-level shift away from not only the most popular
product, but also the one on which users are most depen-
dent. Meanwhile, e-cigarettes have made rapid gains in
popularity and currently have the lowest associated levels
of dependence.

The highest levels of nicotine dependence were ob-
served among those students who used both cigarettes
and e-cigarettes during the past month. This is consistent
with evidence that heavier smokers are more likely to take
up vaping [18–20], potentially to provide a means of

satisfying nicotine cravings in situations where cigarette
use is not permitted (for example, because of legislation
or parental disapproval). It also mirrors findings from the
US Adult National Tobacco Survey, which showed that
dual users were more likely than exclusive smokers to re-
port withdrawal and craving symptoms [14]. The much
lower levels of dependence among exclusive e-cigarette
users than cigarette smokers are also in line with previous
research. For example, an analysis of data from the Popula-
tion Assessment of Tobacco and Health Study, a nationally
representative survey of adult tobacco use in the United
States, found that e-cigarette users reported a longer time
to first use of the day after waking than cigarette smokers
and were less likely to consider themselves addicted, had

Figure 1 Past 30-day tobacco product use among high school students, 2012–19: (a) across the four main product categories and (b) stratified by
use of e-cigarettes. [Colour figure can be viewed at wileyonlinelibrary.com]
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strong cravings, found it difficult to refrain from using their
product in places where it was prohibited or felt that they
really needed to use their product [15].

It has been suggested, based on top-line results from the
NYTS, that e-cigarettes are causing an epidemic of youth
nicotine addiction [6]. When the preliminary data were re-
leased in 2019, acting FDA Commissioner Ned Sharpless
commented: ‘The tremendous progress we’ve made in re-
ducing youth tobacco use in the US is jeopardized by this
onslaught of e-cigarette use. Nobody wants to see children
becoming addicted to nicotine, and we will continue to use

the full scope of our regulatory authority thoughtfully and
thoroughly to tackle this mounting public health crisis’
[21]. However, the data from the 2019NYTS actually indi-
cate that the extent of dependence on tobacco products is
much the same today as it was in 2012, when the preva-
lence of e-cigarette use was very low. While there appears
to have been an increase in nicotine dependence during
the last 2 years compared with record lows, it is far from
reaching epidemic proportions (see Fig. 2, ‘total’ popula-
tion). In addition, the fact that reports of strong craving
and wanting to use tobacco within 30 minutes of waking

Figure 2 Percentage of different groups of high school students reporting (a) strong craving for tobacco in past 30 days and (b) wanting to first use
tobacco products within 30 minutes of waking, by type of product used in the past 30 days. Panels are ranked in order of prevalence in 2019. [Colour
figure can be viewed at wileyonlinelibrary.com]
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were stable from 2018 to 2019 is not suggestive of a con-
tinuing rise in youth nicotine dependence. Our comparison
of changes in dependence from 2017 to 2019 against the
dramatic increase in product use during the same period
indicated that dependence had not increased to a similar
extent to product use. However, it will be vital to review
the data from 2020 carefully, although complicated with
data collection affected by the COVID-19 pandemic.

Importantly, the FDA’s claim that e-cigarettes are
undermining progress towards reducing use of tobacco
products in this age group [21,22] fails to account for dif-
ferences in the risk profile of different product categories.
A growing body of evidence demonstrates that
e-cigarettes are much less harmful than cigarettes, expos-
ing users to considerably lower levels of toxins and carcin-
ogens while potentially (but not always) providing similar
levels of nicotine [23–26]. Parallels can be drawn with
Sweden, where the overall prevalence of tobacco use
among men is comparable to other European Union (EU)
countries [27], but the majority use snus (a moist pow-
dered smokeless tobacco product) rather than smoking cig-
arettes. Because snus carries a lower risk to health than
cigarettes, the level of mortality attributable to tobacco
among Swedishmen is lower than in anyother EUMember
State [28], resulting in a lower health burden despite
equivalent prevalence of tobacco use. That is not to say
that nicotine dependence per se is entirely without risk: a
body of evidence outlines risks of nicotine use on the ado-
lescent brain [29] and increased incidence of health prob-
lems (e.g. lung cancer, chronic obstructive pulmonary

disease), even after accounting for smoking behaviour
and other risk factors [30,31]. Nonetheless, while it is un-
derstandable that data indicating a rise in youth use of to-
bacco products may provide cause for concern, it is
important to take into account the relative risks of the dif-
ferent product categories when evaluating progress, and
consider that a population-level shift from cigarette to
e-cigarette use will probably result in substantially reduced
morbidity andmortality (the objective at the heart of ambi-
tions to drive down youth tobacco use). There is wide-
spread concern that e-cigarettes may serve as a ‘gateway’
to smoking in adolescents [32–36]. It is clear from a num-
ber of longitudinal studies that young people who use
e-cigarettes are more likely to use cigarettes at a later date
than those who do not. The direction of causality, however,
is not clear [37,38]. If the relationship was causal, high
prevalence of e-cigarette use would mean that adolescents
who would not have otherwise used tobacco will be ex-
posed to nicotine, develop nicotine dependence and as a re-
sult will be more likely to go on to use cigarettes and other
products. It could be argued that such an effect would sim-
ply shift the burden of dependence on e-cigarettes sooner or
later. However, the NYTS data do not provide strong evi-
dence of an effect of using e-cigarettes on subsequent up-
take and use of cigarettes and other combustible
products. A previous analysis of e-cigarette use among
high school students in relation to life-time history of use
of tobacco products showed that, for the great majority of
adolescents with any substantial cigarette smoking history,
cigarettes were the first tobacco product tried, prior to use

Figure 3 Best-fitting (cubic) models for the percentage of high school students reporting (a) strong craving for tobacco in past 30 days and (b) want-
ing to first use tobacco products within 30 minutes of waking, 2012–19. Lines represent modelled trends; shaded bands represent 95% confidence
intervals. [Colour figure can be viewed at wileyonlinelibrary.com]
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of e-cigarettes [39]. In addition, there has been no sign of
the rapid declines in the prevalence of cigarette smoking
and trying combustible products being reversed through
the upsurge of e-cigarette use [40], and population-level
trend modelling suggests that e-cigarettes are more likely
to divert adolescents away from cigarette use than serve
as a gateway [41]. Mendelian randomization suggests a
common genetic vulnerability to both smoking and
e-cigarette use, which may reflect a broad risk-taking phe-
notype [42]. While our analysis was not designed to test
this gateway effect, our finding that use of e-cigarettes
was associated with lower levels of dependence than use
of any other tobacco product we examined is also worth
noting in this context.

Strengths of this analysis include the large, representa-
tive sample and triangulation on nicotine dependence
through the use of two established measures; craving and
time to first use. However, there were also limitations. First,
use of tobacco products was defined according to
self-reports of any use in the past 30 days. This crude mea-
sure fails to capture frequency of use and, in the case of the
categories that combined e-cigarettes and other tobacco
products, which product is used most often, both of which
may influence dependence. Secondly, while guidance to
students completing the survey explicitly defined
e-cigarettes as tobacco products in the same sense as ciga-
rettes, cigars, cigarillos, pipes, smokeless tobacco and bidis
—andmeasures of dependence asked participants to reflect
on their experience with all the categories of tobacco prod-
ucts they had previously been questioned about—it is pos-
sible that some interpreted the questions about nicotine
dependence as not applying to e-cigarettes, leading to un-
derestimation of dependence. Qualitative work is required
to explore this possibility. It has been suggested that
product-specific measures of dependence are required to
precisely capture the dependence produced by both nico-
tine and its administration forms, but this would make
comparability across product categories difficult [43].
Thirdly, the data do not account for the fact that the
e-cigarette product category has changed substantially
over the study period, whereas cigarettes have not. As
such, contrasts of levels of dependence among e-cigarette
users in 2019 versus 2012 are not comparing like with
like. In addition, the data do not distinguish between nico-
tine and non-nicotine e-cigarettes, meaning that we were
unable to ascertain the proportion of e-cigarette users
who used nicotine-free products. Finally, the correlational
design means that it is not possible to determine cause
and effect. While we speculate that nicotine dependence
is more common among dual users of cigarettes and
e-cigarettes because cigarette smokers who are more de-
pendent may be more likely to take up e-cigarette use to
use nicotine in situations where smoking is not permitted,
we cannot rule out the possibility that using e-cigarettes

makes cigarette smokers more dependent. Longitudinal
data could shed light on the direction of causation.

CONCLUSION

Among US high school students, recent increases in the
prevalence of tobacco product use have not been accompa-
nied by similar increases in the population burden of nico-
tine dependence. This appears to be at least partly
attributable to a population-level shift in themost common
product of choice from cigarettes (on which users are most
dependent) to e-cigarettes (on which users are less depen-
dent). Continuedmonitoringof trends in youth nicotine de-
pendence alongside changes in tobacco product use is
warranted.

Declaration of interests

J.B. has received unrestricted research funding from Pfizer,
who manufacture smoking cessation medications. All au-
thors declare no financial links with tobacco companies
or e-cigarette manufacturers or their representatives.

Acknowledgements

Cancer Research UK (C1417/A22962) supported S.J. and
J.B.’s salaries. The funders had no final role in the study de-
sign; in the collection, analysis and interpretation of data;
in the writing of the report; or in the decision to submit
the paper for publication. All researchers listed as authors
are independent from the funders and all final decisions
about the research were taken by the investigators and
were unrestricted. All authors had full access to all the data
(including statistical reports and tables) in the study and
can take responsibility for the integrity of the data and
the accuracy of the data analysis.

Author Contributions

Jamie Brown: Conceptualization; data curation; investiga-
tion; supervision. Sarah Jackson: Conceptualization; data
curation; investigation. Martin Jarvis: Conceptualization;
data curation.

References

1. US Department of Health and Human Services The Health
Consequences of Smoking—50 Years of Progress: A Report of
the Surgeon General. Atlanta, GA: US Department of Health
and Human Services, Centers for Disease Control and Preven-
tion, National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health; 2014.

2. Viner R. M., Ross D., Hardy R., Kuh D., Power C., Johnson A.,
et al. Life course epidemiology: recognising the importance of
adolescence. J Epidemiol Community Health 2015; 69: 719–20.

3. WorldHealthOrganization.Tobacco [internet]2019 [cited2019
Oct 17]. Available at: https://www.who.int/news-room/fact-
sheets/detail/tobacco (accessed 1 September 2020).

1868 Sarah E. Jackson et al.

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction, 116, 1859–1870

https://www.who.int/news-room/fact-sheets/detail/tobacco
https://www.who.int/news-room/fact-sheets/detail/tobacco


4. Centers for Disease Control and Prevention. Youth and To-
bacco Use [internet]. Centers for Disease Control and
Prevention 2019 [cited 2019 Dec 18]. Available at: https://
www.cdc.gov/tobacco/data_statistics/fact_sheets/youth_
data/tobacco_use/index.htm (accessed 1 September 2020).

5. Centers for Disease Control and Prevention. Youth Tobacco
Use Surged From 2017–2018 [internet]. Centers for Disease
Control and Prevention 2019 [cited 2019 Dec 18]. Available
at: https://www.cdc.gov/vitalsigns/youth-tobacco-use/index.
html (accessed 1 September 2020).

6. US Food and Drug Administration (FDA). Results from 2018
National Youth Tobacco Survey show dramatic increase in
e-cigarette use among youth over past year [internet]. FDA
2019 [cited 2020 Feb 6]. Available at: http://www.fda.gov/
news-events/press-announcements/results-2018-national-
youth-tobacco-survey-show-dramatic-increase-e-cigarette-
use-among-youth-over (accessed 1 September 2020).

7. MunafoM. Are e-cigarettes tobacco products?Nicotine Tob Res
2019; 21: 267–267.

8. Cullen K. A., Gentzke A. S., Sawdey M. D., Chang J. T., Anic G.
M., Wang T. W., et al. E-cigarette use among youth in the
United States, 2019. JAMA 2019; 322: 2095–103.

9. West R. Tobacco smoking: health impact, prevalence, corre-
lates and interventions. Psychol Health 2017; 32: 1018–36.

10. West R., Shiffman S. Fast Facts: Smoking Cessation. Basel,
Switzerland: Karger Medical and Scientific Publishers; 2016.

11. West R. The multiple facets of cigarette addiction and what
they mean for encouraging and helping smokers to stop.
COPD 2009; 6: 277–83.

12. Cooper M., Loukas A., Harrell M. B., Perry C. L. College stu-
dents’ perceptions of risk and addictiveness of e-cigarettes
and cigarettes. J Am Coll Health 2017; 65: 103–11.

13. Voos N., Goniewicz M. L., Eissenberg T. What is the nicotine
delivery profile of electronic cigarettes? Expert Opin Drug Deliv
2019; 16: 1193–203.

14. Rostron B. L., Schroeder M. J., Ambrose B. K. Dependence
symptoms and cessation intentions among US adult daily cig-
arette, cigar, and e-cigarette users, 2012–2013. BMC Public
Health 2016; 16: 814.

15. Liu G., Wasserman E., Kong L., Foulds J. A comparison of nic-
otine dependence among exclusive E-cigarette and cigarette
users in the PATH study. Prev Med 2017; 104: 86–91.

16. Office on Smoking and Health 2018 National Youth Tobacco
Survey: Methodology Report. Atlanta, GA: US Department of
Health and Human Services, Centers for Disease Control
and Prevention, National Center for Chronic Disease Preven-
tion and Health Promotion, Office on Smoking and Health;
2018.

17. Fagerström K. Time to first cigarette; the best single
indicator of tobacco dependence? Monaldi Arch Chest Dis
2003; 59: 91.

18. Vardavas C. I., Filippidis F. T., Agaku I. T. Determinants and
prevalence of e-cigarette use throughout the European Union:
a secondary analysis of 26 566 youth and adults from 27
countries. Tob Control 2015; 24: 442–8.

19. Levy D. T., Yuan Z., Li Y. The Prevalence and Characteristics of
E-Cigarette Users in the U.S. Int J Environ Res Public Health [in-
ternet] 2017 [cited 2018 Dec 5];14. Available at; https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC5664701/
(accessed 1 September 2020).

20. Brown J., West R., Beard E., Michie S., Shahab L., McNeill A.
Prevalence and characteristics of e-cigarette users in Great
Britain: findings from a general population survey of smokers.
Addict Behav 2014; 39: 1120–5.

21. Department of Health and Human Services. Trump Adminis-
tration Combating Epidemic of Youth E-Cigarette Use with
Plan to Clear Market of Unauthorized, Non-Tobacco-Flavored
E-Cigarette Products [internet]. HHS.gov 2019 [cited 2020
Feb 13]. Available at: https://www.hhs.gov/about/news/
2019/09/11/trump-administration-combating-epidemic-
youth-ecigarette-use-plan-clear-market.html (accessed 1 Sep-
tember 2020).

22. US Food and Drug Administration (FDA). Youth Tobacco Use:
Results from the National Youth Tobacco Survey. FDA [inter-
net] 2019 [cited 2020 Feb 6]. Available at: http://www.fda.
gov/tobacco-products/youth-and-tobacco/youth-tobacco-
use-results-national-youth-tobacco-survey (accessed 1 Sep-
tember 2020).

23. McNeill A., Brose L. S., Calder R., Bauld L., Robson D.
Evidence review of e-cigarettes and heated tobacco products
2018. Executive Summary. London, UK: Public Health
England; 2018, p. 6.

24. Goniewicz M. L., Gawron M., Smith D. M., Peng M., Jacob P.,
Benowitz N. L. Exposure to nicotine and selected toxicants
in cigarette smokers who switched to electronic cigarettes: a
longitudinal within-subjects observational study. Nicotine
Tob Res 2017; 19: 160–7.

25. McRobbie H., Phillips A., Goniewicz M. L., Smith K. M.,
Knight-West O., Przulj D., et al. Effects of switching to elec-
tronic cigarettes with and without concurrent smoking on
exposure to nicotine, carbon monoxide, and Acrolein. Cancer
Prev Res 2015; 8: 873–8.

26. Shahab L., GoniewiczM. L., Blount B. C., Brown J., McNeill A.,
Alwis K. U., et al. Nicotine, carcinogen, and toxin exposure in
long-term E-cigarette and nicotine replacement therapy
users: a Cross-sectional study. Ann Intern Med 2017; 166:
390–400.

27. Zatoński W., Przewoźniak K., Sulkowska U., West R., Wojtyła
A. Tobacco smoking in countries of the European Union. Ann
Agric Environ Med 2012; 19: 181–92.

28. Ramström L., Wikmans T. Mortality attributable to
tobacco among men in Sweden and other European
countries: an analysis of data in a WHO report. Tob Induced
Dis 2014; 12: 14.

29. Yuan M., Cross S. J., Loughlin S. E., Leslie F. M. Nicotine and
the adolescent brain. J Physiol 2015; 593: 3397–412.

30. Selya A. S., Oancea S. C., Thapa S. Time to first cigarette, a
proxy of nicotine dependence, increases the risk of pulmonary
impairment, independently of current and lifetime smoking
behavior. Nicotine Tob Res 2016; 18: 1431–9.

31. Muscat J. E., Ahn K., Richie J. P., Stellman S. D. Nicotine de-
pendence phenotype and lung cancer risk. Cancer 2011; 117:
5370–6.

32. Soneji S., Barrington-Trimis J. L., Wills T. A., Leventhal A.
M., Unger J. B., Gibson L. A., et al. Association between
initial use of e-cigarettes and subsequent cigarette
smoking among adolescents and young adults: a systematic
review and meta-analysis. JAMA Pediatr 2017; 171:
788–97.

33. Chapman S., Bareham D., Maziak W. The gateway effect of E-
cigarettes: reflections on main criticisms. Nicotine Tob Res
2019; 21: 695–8.

34. Barrington-Trimis J. L., Kong G., Leventhal A. M., Liu F.,
Mayer M., Cruz T. B., et al. E-cigarette use and subsequent
smoking frequency among adolescents. Pediatrics [internet]
2018 [cited 2020 Sep 27];142. Available at; https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC6312103/ (accessed 1
September 2020).

Nicotine dependence in high school students 1869

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction, 116, 1859–1870

https://www.cdc.gov/tobacco/data_statistics/fact_sheets/youth_data/tobacco_use/index.htm
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/youth_data/tobacco_use/index.htm
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/youth_data/tobacco_use/index.htm
https://www.cdc.gov/vitalsigns/youth-tobacco-use/index.html
https://www.cdc.gov/vitalsigns/youth-tobacco-use/index.html
http://www.fda.gov/news-events/press-announcements/results-2018-national-youth-tobacco-survey-show-dramatic-increase-e-cigarette-use-among-youth-over
http://www.fda.gov/news-events/press-announcements/results-2018-national-youth-tobacco-survey-show-dramatic-increase-e-cigarette-use-among-youth-over
http://www.fda.gov/news-events/press-announcements/results-2018-national-youth-tobacco-survey-show-dramatic-increase-e-cigarette-use-among-youth-over
http://www.fda.gov/news-events/press-announcements/results-2018-national-youth-tobacco-survey-show-dramatic-increase-e-cigarette-use-among-youth-over
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664701/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664701/
https://www.hhs.gov/about/news/2019/09/11/trump-administration-combating-epidemic-youth-ecigarette-use-plan-clear-market.html
https://www.hhs.gov/about/news/2019/09/11/trump-administration-combating-epidemic-youth-ecigarette-use-plan-clear-market.html
https://www.hhs.gov/about/news/2019/09/11/trump-administration-combating-epidemic-youth-ecigarette-use-plan-clear-market.html
http://www.fda.gov/tobacco-products/youth-and-tobacco/youth-tobacco-use-results-national-youth-tobacco-survey
http://www.fda.gov/tobacco-products/youth-and-tobacco/youth-tobacco-use-results-national-youth-tobacco-survey
http://www.fda.gov/tobacco-products/youth-and-tobacco/youth-tobacco-use-results-national-youth-tobacco-survey
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6312103/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6312103/


35. Spindle T. R., Hiler M. M., Cooke M., Eissenberg T., Kendler K.
S., Dick D. Electronic cigarette use and uptake of cigarette
smoking: a longitudinal examination of U.S. college students.
Addict Behav 2017; 67: 66–72.

36. Berry K. M., Fetterman J. L., Benjamin E. J., Bhatnagar A.,
Barrington-Trimis J. L., Leventhal A. M., et al. Association
of electronic cigarette use with subsequent initiation of
tobacco cigarettes in US youths. JAMA Netw Open [internet]
2019 [cited 2020 Sep 27]; 2: e187794. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6484602/
(accessed 1 September 2020).

37. Khouja J. N., Suddell S. F., Peters S. E., Taylor A. E., MunafòM.
R. Is e-cigarette use in non-smoking young adults associated
with later smoking? A systematic review and meta-analysis.
Tob Control [internet] 2020 [cited 2020 Sep 27]. Available
at: https://tobaccocontrol.bmj.com/content/early/2020/03/
01/tobaccocontrol-2019-055433 (accessed 1 September
2020).

38. Kim S., Selya A. S. The relationship between electronic ciga-
rette use and conventional cigarette smoking is largely
attributable to shared risk factors. Nicotine Tob Res 2020; 22:
1123–30.

39. Jarvis M., Jackson S., West R., Brown J. Epidemic of youth
nicotine addiction? What does the National Youth Tobacco
Survey 2017–2019 reveal about high school e-cigarette
use in the USA? Qeios [internet] 2020 [cited 2020
Dec 17]; https://www.qeios.com/read/745076.5. Available
at: (accessed 1 September 2020).

40. Levy D. T., Warner K. E., Cummings K. M., Hammond D., Kuo
C., Fong G. T., et al. Examining the relationship of vaping to
smoking initiation among US youth and young adults: a real-
ity check. Tob Control 2019; 28: 629–35.

41. Foxon F., Selya A. S. Electronic cigarettes, nicotine use trends
and use initiation ages among US adolescents from 1999 to
2018. Addiction [internet] 2020 [cited 2020 Sep 27]. Avail-
able at: https://onlinelibrary.wiley.com/doi/full/10.1111/
add.15099 (accessed 1 September 2020).

42. Khouja J. N., Wootton R. E., Taylor A. E., Smith G. D., Munafò
M. R. Association of genetic liability to smoking initiationwith

e-cigarette use in young adults. medRxiv 2020; https://doi.
org/10.1101/2020.06.10.20127464 (accessed 1 September
2020).

43. Fagerström K., Eissenberg T. Dependence on tobacco and nic-
otine products: a case for product-specific assessment.Nicotine
Tob Res 2012; 14: 1382–90.

Supporting Information

Additional supporting information may be found online in
the Supporting Information section at the end of the
article.

Table S1 Indices of fit for the regression models: trends in
dependence over time
Table S2 Trends in dependence 2012–2019: results of the
linear model and best fitting regression models
Table S3 Indices of fit for the regression models: trends in
product use over time
Table S4 Indices of fit for the piecewise regression models:
trends in dependence and product use over time
Table S5 Trends in dependence 2012–2019: results of the
piecewise regression models
Table S6 Percentage (with 95% confidence interval) of
high school students reporting wanting to first use tobacco
products within 60 minutes of waking by type of product
used in past 30 days. Figures in italics give the estimated
percentage of all high school students using that product
in past 30 days.
Table S7 Comparison of slopes for measures of dependence
and tobacco product use: tests of interactions between var-
iable (dependence vs. product use) and year on prevalence.

1870 Sarah E. Jackson et al.

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction, 116, 1859–1870

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6484602/
https://tobaccocontrol.bmj.com/content/early/2020/03/01/tobaccocontrol-2019-055433
https://tobaccocontrol.bmj.com/content/early/2020/03/01/tobaccocontrol-2019-055433
https://www.qeios.com/read/745076.5
https://onlinelibrary.wiley.com/doi/full/10.1111/add.15099
https://onlinelibrary.wiley.com/doi/full/10.1111/add.15099
https://doi.org/10.1101/2020.06.10.20127464
https://doi.org/10.1101/2020.06.10.20127464


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


