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Objectives. We assessed whether e-cigarette use is associated with (1) intention to

smoke cigarettes among never-smoking youths and youth experimenters, and (2) in-

tention to quit smoking among current youth smokers.

Methods.We categorized participants from the 2012 National Youth Tobacco Survey

data (n = 20 193) as never-smoking youth (n = 16238), youth experimenters (n = 3248),

and current youth smokers (n = 707). We matched groups on the basis of a propensity

score comprising covariates predicting e-cigarette use.

Results. E-cigarette users who had never smoked cigarettes (adjusted odds ratio

[AOR] = 3.62; 95% confidence interval [CI] = 2.04, 6.45) and who had experimented with

smoking (AOR=1.99; 95% CI = 1.50, 2.64) had elevated intention to smoke cigarettes

compared with their counterparts who had never used e-cigarettes. We did not find any

significant association between e-cigarette use and intention to quit smoking among

current youth smokers (P= .33).

Conclusions. E-cigarette use among US youths is associated with intention to smoke

but not with intention to quit smoking. (Am J Public Health. 2016;106:672–678. doi:

10.2105/AJPH.2015.302994)

In 2014, the 30-day prevalence of
e-cigarette use in the United States was

8.7%, 16.2%, and 17.1% among 8th, 9th, and
12th grade students, respectively, which
surpassed corresponding prevalence for to-
bacco cigarette use (4.0%, 7.2%, and 13.6%).1

With the dramatic increase in e-cigarette use,
e-cigarettes are rapidly becoming an urgent
public health concern in the United States.
Specifically, whether e-cigarette use is po-
tentially related to other tobacco use or to-
bacco cessation is currently a subject of
contentious debate in public health.

Although no longitudinal studies have
directly measured the relationship between
e-cigarette use and the likelihood of being
a smoker, a 3-year cross-sectional study
revealed that e-cigarette use was associated
with an increased intention to smoke ciga-
rettes among never-smokingmiddle and high
school students in the United States.2

However, other researchers contend that
e-cigarettes may be a useful smoking cessation
aid for smokers. Several studies have exam-
ined the effectiveness of e-cigarettes as a tool
for quitting. A 6-month prospective pilot

study showed that e-cigarette use was asso-
ciated with an increased likelihood of quit-
ting.3 Among 40 smokers, 13 participants
(32.5%) reduced their cigarette consumption
by at least 50%, and 9 participants (22.5%)
completely quit smoking at the 6-month
follow-up.

Another study reported that a 6-month
point prevalence of smoking abstinence
among e-cigarette users in the sample was
31%; smoking abstinence rates were posi-
tively related to higher frequency of
e-cigarette use; and 70% of heavy e-cigarette
users in the sample (i.e., using e-cigarettes
more than 20 times a day) quit smoking at 6
months.4 One study assessing the short-term
effect of e-cigarette use on desire to smoke
found that use of e-cigarettes containing 16

milligrams of nicotine alleviated the craving
to smoke after overnight abstinence.5

However, the efficacy of e-cigarette use as
a smoking cessation tool is not conclusive. A
1-year follow-up study at the population level
determined that smokers’ e-cigarette use was
not related to either quitting or reduced
cigarette consumption.6 Furthermore,
e-cigarette use has not been shown to be
associated with the intention to quit smoking
among current cigarette smokers.7

From a public health perspective, learning
more about the potential harms and benefits
of e-cigarette use in the context of tobacco
control and prevention is essential. To date,
few studies have examined the potential role
of e-cigarette use in quitting or initiating
cigarette smoking. To address this critical gap,
studies with a more rigorous design are
necessary. Propensity score matching (PSM)
is a useful statistical technique for estimating
treatment effects by balancing covariates in
experimental and control groups to reduce
selection bias.8 PSM is predicated on the idea
that the bias is reduced when the comparison
of outcomes is performed between treated
and control participants who are as similar as
possible, resulting in a more accurate esti-
mation of treatment effects.9

To date, no research has been conducted
to establish whether e-cigarette use is asso-
ciated with intention to smoke or quit
smoking in a nationally representative sample
of adolescents in the United States using the
PSM approach. We used PSM to investigate
(1) whether e-cigarette use is associated with
future intention to smoke cigarettes among
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never-smoking youths and youth experi-
menters, and (2) whether e-cigarette use is
associated with intention to quit smoking
among current youth smokers in a nationally
representative sample of adolescents in the
United States.

METHODS
We obtained the data for this study from

the 2012 National Youth Tobacco Survey
(NYTS; n= 20 193). The NYTS is a na-
tionally representative school-based survey
for collecting data about tobacco use fromUS
middle and high school students in grades 6
through 12. The NYTS provides in-depth
information about tobacco use behaviors,
tobacco-related beliefs and attitudes, and
exposure to pro- and antitobacco influences
among youths.

Wedivided studyparticipants from the2012
NYTS into 3 groups on the basis of smoking
status: (1) never-smoking youths (n=16238),
who were further broken down into 146 ever
e-cigarette users and 16 092 never e-cigarette
users; (2) youths experimenters (n=3248),
with 392 ever e-cigarette users and 2856 never
e-cigarette users; and (3) current youth smokers
(n=707), with 430 ever e-cigarette users and
277 never e-cigarette users. Never-smoking
youths are those who had never smoked cig-
arettes, not even a puff.10 Experimenters are
youthswhohad smoked at least a puff but fewer
than 100 cigarettes in their lifetime but none in
the past 30 days.10 Current youth smokers are
those who had smoked at least 100 cigarettes in
their lifetime and had smoked in the past 30
days.10 In each group, individuals who have
ever tried e-cigarettes comprised the experi-
mental group, whereas individuals who have
never tried e-cigarettes comprised the control
group (Figure 1).

Measures
Study participants were asked, “Have you

ever used e-cigarettes such as Ruyan, NJOY
or Blu?” We classified individuals as ever
e-cigarette users if they answered “yes” and as
never e-cigarette users if they answered “no.”

Outcomes. There were 2 dependent vari-
ables for this study. One was intention to
smoke cigarettes among never-smoking
youths and youth experimenters. The other
was intention to quit smoking among current

youth smokers. We measured intention to
smoke cigarettes among never-smoking
youths and youth experimenters as an ordinal
variable on the basis of an NYTS question-
naire item: “Do you think you will try
a cigarette soon?” Response options were
“definitely no,” “probably no,” “probably
yes,” and “definitely yes.” We also measured
intention to quit smoking among current
youth smokers as an ordinal variable on the
basis of an NYTS questionnaire item: “Are
you seriously thinking about quitting ciga-
rettes?” Response options were “no,” “yes,
but not within the year,” “yes, within the
year,” “yes, within the next 6 months,” and
“yes, within the next 30 days.”

Covariates. We included several covariates
on the basis of previous literature.2,6,11–13 The
covariates we included to test the intention to
smoke cigarettes were age, gender (male and
female), race/ethnicity (non-HispanicWhite,
non-Hispanic Black, Hispanic, or other),
having a positive attitude toward smoking
(e.g., “Smoking cigarettes makes young
people look cool orfit in” and “Young people
who smoke cigarettes have more friends”),
having a negative attitude toward smoking
(e.g., “All tobacco products are dangerous”),
self-efficacy (e.g., “If one of your friends were
to offer you a cigarette, would you smoke
it?”), and exposure to tobacco advertising
(e.g., “When using the Internet/newspaper
or magazine, how often do you see ads for
cigarettes and other tobacco products?”).

The covariates we included to test the
intention to quit smoking cigarettes were age,
gender, race/ethnicity, having positive or
negative attitudes toward smoking, self-
efficacy (e.g., “If one of your friends were to
offer you a cigarette, would you smoke it?”
and “If you try to quit smoking cigarettes,
how likely are you to succeed?”), age of
smoking onset, frequency of smoking (< 1
cigarette per day, 2–5 cigarettes per day, 6–10
cigarettes per day, 11–20 cigarettes per day,
> 20 cigarettes per day), and past quit attempts
(did not try quit during 12 months, 1 time, 2
times, 3–5 times, 6–10 times, or ‡ 10 times).

Statistical Analysis
A propensity score (PS) is a predicted

probability that a participant receives the
treatment because of his or her baseline
measurements.14 PS matching attempts to

create matched sets of treated and untreated
participants who show similar values of the
PS.15–17 In optimal matching, a matched
sample that minimizes the total within-pair
difference of the PS is formed.17 Once the
matched sample has been formed, the treat-
ment effect can be estimated by comparing
outcomes between the treated and untreated
participants in the matched sample.17

Propensity score estimation. To estimate PS,
or the estimated probability of using
e-cigarettes, we performed logistic regression
analyses. Tohelp specify a correct PSmodel,we
applied a stepwise logistic regression to
include all important conditioning variables
in the model. Specifically, as suggested in
Rosenbaum,14 we included covariates whose
group differences met a low threshold for
significance (t> 1.5; P= .134). We evaluated
differencesonobservedcovariatesusing the t test
for continuous variables and the c2 test for
categorical variables. As a result, we included
gender, age, self-efficacy, having positive or
negative attitudes toward smoking, andexposure
to tobacco advertising in the logistic regression
analyses to estimate PS among never-smoking
youths. We included race/ethnicity, age, and
exposure to tobacco advertising in the logistic
regression analyses to estimate PS among youth
experimenters. For current youth smokers, we
included gender, race/ethnicity, self-efficacy,
having a positive attitude toward smoking, and
frequency of smoking in the logistic regression
analyses to estimate PS.

Optimal matching. Because nearest neigh-
bor within caliper matching or greedy
matching fails if there is no sizable common
support region (i.e., overlap of estimated PS
between experimental and control groups),18

we examined the common support region
through boxplots and histograms. We found
that the common support region was too
narrow to permit greedy matching.18 As an
alternative, we chose optimal matching,
which substantially reduces the narrow
common support region problem as
a matching method.18

To select the best method among the 3
types of optimal matching (i.e., optimal pair
matching, optimal variable matching, and
optimal full matching),19 we examined the
total sample distance of PS for each type of
matching and chose the method that pro-
duced the smallest total distance. As a result,
we used 2 types of matching: optimal pair
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matching using the Optmatch package in R
version 3.2.0 (R Foundation for Statistical
Computing, Vienna, Austria) for never-
smoking youths and youth experimenters and
optimal full matching using the MatchIt
package in R version 3.2.0 for current youth
smokers. Unlike optimal pair matching, op-
timal full matching creates a series of matched
sets in which each participant in the experi-
mental group is matched to 1 or more par-
ticipants in the control group.

Imbalance check. An important step in PSM
is to check imbalance on observed covariates
between the experimental and control groups.
For each matching attempt, we conducted
an imbalance test to confirm the statistical
equivalence between ever e-cigarette users and
never e-cigarette users by comparing absolute
standardized difference for each covariate be-
fore and after matching, as suggested by
Haviland et al.20 The absolute standardized
difference for each covariate typically declines

after matching. We performed imbalance
checks at the 0.01 level owing to the multiple
comparisons for the same data set using the
IMBALANCEcommanddevelopedbyGuo21

in Stata version 13 (StataCorp LP, College
Station, TX).

Ordinal logistic regression analyses. We
performed ordinal logistic regression analyses
on each matched sample to predict ordinal
dependent variables. We computed adjusted
odds ratios (AORs) with 95% confidence
intervals (CIs) to examine intention to smoke
cigarettes among never-smoking youths and
youth experimenters and intention to quit
smoking among current youth smokers using
SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS
Descriptive statistics for each study sample

are available as a supplement to the online

version of this article at http://www.ajph.org
as Tables A and B. The pair-matching pro-
cedure matched 146 ever e-cigarette users to
the 146 never e-cigarette users among
never-smoking youths, and 392 ever
e-cigarette users to the 392 never e-cigarette
users among youth experimenters. The full
matching procedure matched 430 ever
e-cigarette users and 277 never e-cigarette
users among current youth smokers.Matched
ever e-cigarette users and never e-cigarette
users in each study sample did not differ
significantly on observed covariates.

Table 1 provides ordinal logistic regression
results for predicting intention to smoke
cigarettes among never-smoking youths.
Ever e-cigarette use and having a positive
attitude toward smoking and self-efficacy
were associated with future intention to
smoke cigarettes among never-smoking
youths. Ever e-cigarette users who had never
smoked cigarettes were more likely to have
intention to smoke cigarettes thanwere never
e-cigarette users who had never smoked
cigarettes (AOR=3.62; 95% CI= 2.04,
6.45). Never-smoking youths who believed
that smoking cigarettes makes young
people look cool or fit in were more likely
to have intention to smoke cigarettes
than were their counterparts in the fully
adjusted model (AOR=2.32; 95%
CI= 1.08, 4.95).

Table 1 also provides the results of ordinal
logistic regression analyses predicting in-
tention to smoke cigarettes among youth
experimenters. Again, ever e-cigarette use
and race/ethnicity, positive attitude toward
smoking, and self-efficacy were associated
with future intention to smoke cigarettes
among youth experimenters. Ever e-cigarette
users who had experimented with smoking
were more likely to have intention to smoke
cigarettes than were never e-cigarette users
who had experimented with smoking
(AOR=1.99; 95% CI= 1.50, 2.64). Non-
Hispanic Blacks had lower intention to smoke
cigarettes than did Hispanics, adjusting for all
other covariates (AOR=0.35; 95%
CI= 0.19, 0.66).

Table 2 presents the results of ordinal lo-
gistic regression analyses predicting intention
to quit smoking among current youth
smokers. Having a negative attitude toward
smoking, self-efficacy, number of past quit
attempts, and age of smoking onset were
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FIGURE 1—Flow Diagram of Control vs Experimental Group Selection: National Youth
Tobacco Survey, United States, 2012
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associated with intention to quit smoking
among current youth smokers. Current
youth smokers who responded that they
would smoke a cigarette if a friend offered it
to them had lower intention to quit smoking
than did their counterparts (AOR= 0.18;
95% CI = 0.05, 0.66). A higher level of

self-efficacy of quitting (AOR= 1.38; 95%
CI = 1.18, 1.62), more quit attempts
(AOR= 1.55; 95% CI = 1.40, 1.72), and
older age of smoking onset (AOR= 1.10;
95% CI = 1.02, 1.19) were positively asso-
ciated with increased odds of considering
quitting in the fully adjusted model.

However, we found no significant associa-
tion between e-cigarette use and intention
to quit smoking among current youth
smokers.

DISCUSSION
Our results reveal a close link between

e-cigarette use among US youths and in-
tention to smoke cigarettes in the future.
That is, ever e-cigarette users who had never
smoked traditional cigarettes or who had
experimented with smoking were more
likely to have intention to smoke cigarettes
in the future than were their counterparts
who never used e-cigarettes in a nationally
representative sample of US adolescents.
By contrast, ever e-cigarette use among
current youth smokers was not associated
with intention to quit smoking in the
same nationally representative sample
(Figure 2).

Because of the finding of the association
between ever e-cigarette use and intention to
smoke, identifying risk factors associated with
both e-cigarette use and conventional ciga-
rette uptake is important for preventing the
development of multiple risk behaviors over
the course of adolescence. Previous research
found that the odds of having multiple risk
behaviors increase over the course of ado-
lescence.22 Indeed, a study of a sample of
10 645 American youths found that 8% of
youths aged 12 to 13 years engaged in mul-
tiple risk behaviors, whereas 33% of those
aged 14 to 17 years and 50% of those aged 18
to 21 years did so.23 Of the multiple risk
behaviors, tobacco use appears to be crucial in
explaining other risk behaviors. One study
found that early onset of smoking (i.e., by
aged 11 years) explained 22% of the variance
in all other risk behaviors in a sample of
adolescents.24

A recent study found that e-cigarette use is
associated with risk factors resembling those
of conventional cigarette uptake.25 For ex-
ample, familial socioeconomic disadvantage,
vocational school career, and poor school
performance were all positively associated
with both e-cigarette experimentation and
progression to conventional cigarette uptake
among Finnish adolescents.25,26 Taken to-
gether, tailored interventions aiming to re-
duce the common set of risk factors associated

TABLE 1—Odds Ratios of Intention to Smoke Cigarettes Among Never-Smoking Youths and
Youth Experimenters: National Youth Tobacco Survey, United States, 2012

Variable
Never-Smoking Youths,

AOR (95% CI)
Youth Experimenters,

AOR (95% CI)

Ever e-cigarette use

Experimental group 3.62 (2.04, 6.45) 1.99 (1.50, 2.64)

Control group (Ref) 1 1

Gender

Female 0.61 (0.34, 1.09) 1.18 (0.89, 1.57)

Male (Ref) 1 1

Age 1.06 (0.92, 1.21) 1.06 (0.97, 1.15)

Race/ethnicity

Non-Hispanic White 0.65 (0.33, 1.30) 1.29 (0.91, 1.82)

Non-Hispanic Black 0.71 (0.26, 1.93) 0.35 (0.19, 0.66)

Hispanic (Ref) 1 1

Other 2.05 (0.73, 5.74) 0.84 (0.38, 1.87)

Positive attitude toward smoking

Smoking cigarettes makes young people look cool or fit in

Yes 2.32 (1.08, 4.95) 2.20 (1.49, 3.26)

No (Ref) 1 1

Young people who smoke cigarettes have more friends

Yes 0.85 (0.43,1.69) 1.04 (0.72, 1.52)

No (Ref) 1 1

Negative attitude toward smoking

All tobacco products are dangerous

Agree 0.48 (0.20, 1.13) 0.81 (0.53, 1.24)

Disagree (Ref) 1 1

Self-efficacy

If a friend offers me a cigarette, I would smoke it

Yes 30.31 (10.97, 83,76) 17.88 (12.13, 26.34)

No (Ref) 1 1

Exposure to tobacco advertising

How often I see cigarettes ads when using the Internet

Never (Ref) 1 1

Sometimes 0.91 (0.41, 1.99) 1.21 (0.77, 1.90)

Most of time 1.40 (0.54, 3.65) 0.94 (0.53, 1.65)

How often I see cigarette ads when reading a newspaper or

magazine

Never (Ref) 1 1

Sometimes 1.51 (0.75, 3.03) 1.10 (0.76, 1.61)

Most of time 1.04 (0.43, 2.51) 1.17 (0.70, 1.95)

Note. AOR=adjusted odds ratio; CI = confidence interval.
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with both e-cigarette use and conventional
cigarette uptake may play a significant role in
preventing multiple risk behaviors among
youths. Furthermore, intervention efforts that
aim to prevent adolescents from initiating
smoking conventional cigarettes may help
thwart e-cigarette use.

Currently, federal law in the United States
does not regulate e-cigarettes. In 2014, the US
Food and Drug Administration released
a “deeming rule” that would extend authority

to regulate additional tobacco-related prod-
ucts, including e-cigarettes. If the deeming rule
is adopted, the Food and Drug Administration
will regulate the manufacture, marketing, and
distribution of e-cigarettes. In the absence of
federal law governing e-cigarettes, state laws,
such as youth access restriction, smoke-free air
laws, and excise taxation, regulate e-cigarettes.
As of November 30, 2014, 40 states have laws
prohibiting sales of e-cigarettes to minors
(younger than 18 years, except in 4 states,

Alabama, Alaska, New Jersey, and Utah,
where minors are defined as younger than
19 years).27

Only 3 states, New Jersey, North Dakota,
and Utah, prohibit the use of e-cigarettes in 3
indoor areas: private worksites, restaurants,
and bars.27 Minnesota (in 2012) and North
Carolina (in 2014) passed a law imposing an
excise tax on e-cigarettes.28 A notable fact
about state laws governing e-cigarettes is that
youth access restriction plays a major role in
regulating e-cigarettes in 40 US states, rec-
ognizing that youths are a particularly vul-
nerable population. Adolescence is a critical
period in terms of onset of smoking habits. Of
the adults who became daily smokers, 88%
started smoking by age 18 years and 99% by
age 26 years.29 Thus, policymakers should
make a continuous effort to regulate
e-cigarettes, as traditional tobacco products
are, at the federal level. In particular, all states
should initiate prohibiting e-cigarette sales to
youths as a means of preventing youth access
to e-cigarettes.

Contrary to a previous study, which reported
that e-cigarette users claim that they used
e-cigarettes to quit smoking or avoid relapse,30

our study findings indicate that e-cigarette use
may not be related to intention to quit smoking
among current youth smokers. Although this
finding is contradictory to the reported benefits
of e-cigarettes as a potential cessation aid,3–5,30 it
should be noted that such reported benefits of
e-cigarettes has not been fully established owing,
in large part, to a lack of research evidence be-
cause e-cigarettes have been in existence for
a relatively short period of time.

What is concerning is that the frequency of
online searches for e-cigarettes as a smoking
cessation aid has surpassed that of snus and
nicotine replacement therapy, which have been
on the market longer than have e-cigarettes as
a cessation aid and are quickly outpacing
varenicline (a.k.a., Chantix), one of the most
common prescription medications to help quit
smoking in theUnited States.31Thismay reflect
massive online marketing of e-cigarettes, which
states that “e-cigarette are healthier than con-
ventional cigarettes” and “e-cigarettes are
a smoking cessation aid.”32(p141),33(p3),34(p553)

However, it is unclear whether e-cigarettes are
a safe alternative to conventional cigarettes.35

One study found that e-cigarettes generally
require a stronger vacuum to enable inhaling
than do conventional tobacco products.36

TABLE2—OddsRatiosof Intention toQuit SmokingAmongCurrentYouthSmokers:National
Youth Tobacco Survey, United States, 2012

Variable AOR (95% CI)

Ever e-cigarette use

Experimental group 1.21 (0.82, 1.77)

Control group (Ref) 1

Gender

Female 0.71 (0.49, 1.03)

Male (Ref) 1

Age 1.00 (0.88, 1.14)

Race/ethnicity

Non-Hispanic White 1.20 (0.71, 2.03)

Non-Hispanic Black 2.23 (0.95, 5.24)

Hispanic (Ref) 1

Others 1.16 (0.55, 2.44)

Positive attitude toward smoking

Smoking cigarettes makes young people look cool or fit in

Yes 0.65 (0.42, 1.02)

No (Ref) 1

Young people who smoke cigarettes have more friends

Yes 1.08 (0.68, 1.74)

No (Ref) 1

Negative attitude toward smoking

All tobacco products are dangerous

Agree 4.06 (2.56, 6.43)

Disagree (Ref) 1

Self-efficacy

If a friend offered me a cigarette, I would smoke it

Yes 0.18 (0.05, 0.66)

No (Ref) 1

If you try to quit smoking cigarettes, how likely are you to

succeeda
1.38 (1.18, 1.62)

Age of smoking onset 1.10 (1.02, 1.19)

Frequency of smoking 0.94 (0.80, 1.10)

No. past quit attempts 1.55 (1.40, 1.72)

Note. AOR=adjusted odds ratio; CI = confidence interval.
aSelf-efficacy item “If you try toquit smoking cigarettes, how likely are you to succeed”wasona0–3 scale
(0 = very unlikely, 1 = somewhat unlikely, 2 = somewhat likely, and 3 = very likely).
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Therefore, careful consideration should be
given to the role of e-cigarettes in tobacco
cessation among current youth smokers.

This study has limitations. Caution is
warranted in inferring a causal relationship
between e-cigarette use and intention to
smoke or not to smoke among youths because
data were obtained from cross-sectional data.
Because of the lack of temporality, it is
plausible that youths who already had a strong
intention to smoke cigarettes experimented
with e-cigarettes instead of conventional
cigarettes. Future studies using a prospective
longitudinal design would be desirable to
corroborate the findings of our study.

It is also important to note that the
e-cigarette market is changing and growing
rapidly and, thus, more recent data are needed
to estimate the impact of e-cigarettes on in-
tention to smoke or quit smoking among US
youths. Furthermore, there might have been
unobserved confounding factors that influ-
enced e-cigarette use, which might have
reduced matching efficiency. We used 2
different optimal matching techniques (op-
timal pair matching and optimal full match-
ing), which minimized the total distance to
achieve a finely balancedmatch.37 The results
may be affected by our choice of matching
algorithm in small samples; however, as
sample size increases, all the PSM estimators

will eventually yield the same results.38–40

Considering that our sample size is sufficiently
large, it can be assumed that our use of the 2
different optimal matching techniques likely
did not affect our findings.

Despite these limitations, our study con-
tributes to the literature in a significant
manner. We investigated the potential role of
e-cigarette use in intention to smoke or quit
smoking in a nationally representative sample
of US youths using PSM, yielding statistically
sound results that enhance causal plausibility
with nonexperimental designs. Because of
our finding that e-cigarette use among US
youths was related to future intention to
smoke, strong enforcement measures should
be taken to prevent youths from accessing and
using e-cigarettes.
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