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abstractBACKGROUND AND OBJECTIVES: During adolescence, mental health problems may increase the risk of
initiating combustible cigarette use. However, it is unknown if this association extends to
electronic cigarettes (e-cigarettes). We examined whether internalizing and externalizing
problems were associated with initiation of e-cigarette, combustible cigarette, and dual-
product use among adolescents.

METHODS: Participants were drawn from the Population Assessment of Tobacco and Health
Study, a nationally representative longitudinal study of US adolescents followed from 2013 to
2015. The study sample included 7702 adolescents aged 12 to 17 years who at baseline
reported no lifetime use of tobacco products. We examined the respective associations
between baseline internalizing and externalizing problems and initiating use of e-cigarettes,
combustible cigarettes, or both at 1-year follow-up.

RESULTS: Compared with adolescents with low externalizing problems, adolescents with high
externalizing problems were significantly more likely to initiate use of e-cigarettes (adjusted
relative risk ratio [aRRR] = 2.78; 95% confidence interval [CI]: 1.76–4.40), combustible
cigarettes (aRRR = 5.59; 95% CI: 2.63–11.90), and both products (aRRR = 2.23; 95% CI:
1.15–4.31). Adolescents with high internalizing problems were at increased risk of initiating
use of e-cigarettes (aRRR = 1.61; 95% CI: 1.12–2.33) but not combustible cigarettes or both
products.

CONCLUSIONS:Mental health problems are associated with increased risk for initiating e-cigarette,
combustible cigarette, and dual-product use in adolescence. This association is more
consistent for externalizing problems than internalizing problems. Addressing mental health
problems could be a promising target for preventing initiation of nicotine- and/or tobacco-
product use by adolescents.

WHAT’S KNOWN ON THIS SUBJECT: Electronic cigarettes (e-cigarettes)
are now the most commonly used tobacco product among youth in the
United States. Mental health problems are known to increase the risk
of initiating use of combustible cigarettes, but their association with
e-cigarettes is less understood.

WHAT THIS STUDY ADDS: In a nationally representative sample of
youth in the United States, externalizing problems were strongly
associated with initiation of use of e-cigarettes, combustible
cigarettes, and both products at 1-year follow-up. Internalizing
problems were uniquely associated with initiation of e-cigarette use.
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Between 2011 and 2018, past 30-day
use of electronic cigarettes
(e-cigarettes) among high school
students increased dramatically from
1.5% to 20.8%, prompting an
announcement by the US Food and
Drug Administration that e-cigarette
use among youth has reached
“epidemic” levels.1,2 E-cigarettes are
a type of electronic nicotine delivery
system that produce an inhalable
vapor that may or may not
contain nicotine.3 There are
.400 e-cigarette brands and almost
8000 unique flavors that may be
particularly attractive to youth.4

E-cigarette use among youth is
associated with increased risk of
subsequent initiation of combustible
cigarette use,5 demonstrating the
urgency of this growing public health
problem.

Mental health problems and
combustible cigarette use are closely
associated among adolescents and
adults.6–8 Mental health problems in
youth are often conceptualized as
internalizing, which includes
“anxiety, depressive, and somatic
symptoms,” or externalizing, which
includes “impulsive, disruptive
conduct, and substance use
symptoms.”9 Internalizing problems
often precede initiation of smoking
in adolescents,10,11 and youth with
externalizing problems tend to begin
smoking at younger ages and tend to
have more difficulty quitting.6,12

Because e-cigarette use has recently
emerged as a public health concern,
increased attention has been focused
on associations between adolescent
mental health and e-cigarette use
and other nicotine- and/or tobacco-
product use.13 Cross-sectional
evidence generally suggests that
adolescent e-cigarette users display
elevated levels of internalizing and
externalizing problems compared
with nonusers but lower levels of
internalizing and externalizing
problems compared with
combustible cigarette users or dual
users.14,15 Two longitudinal studies

have revealed that elevated
depressive symptoms predict
e-cigarette use generally16 and
initiation of e-cigarette use17 in
young people, but the role of
externalizing problems was not
examined in either study. More
evidence from longitudinal studies is
needed to determine which mental
health problems affect adolescents’
initiation of e-cigarette use and to
determine if these effects differ from
those of mental health problems on
combustible cigarette use.

Our objective for the present
longitudinal study was to determine
if mental health problems predict
initiation of e-cigarette, combustible
cigarette, and dual-product use in
adolescents with no previous
nicotine- and/or tobacco-product
use. We focused on e-cigarette use,
combustible cigarette use, and their
dual use instead of use of other
nicotine and/or tobacco products for
2 reasons. First, they are the 2 most
frequently used nicotine and/or
tobacco products among adolescents,
and their dual use is the most
common form of poly-use.1,18,19

Second, among current users,
e-cigarettes and combustible
cigarettes are used more frequently
on a day-to-day basis than other
products, such as hookah.20 We
hypothesized that elevated baseline
internalizing and externalizing
problems would be associated with
increased risk of initiating
e-cigarette, combustible cigarette,
and dual-product use at 1-year
follow-up.

METHODS

Participants

Participants were drawn from the
public-use files of waves 1 and 2 of
the Population Assessment of
Tobacco and Health (PATH) Study,
a nationally representative
prospective cohort study of US
adolescents (ages 12–17 years).21

Wave 1 (baseline) data were

collected from September 2013 to
December 2014; participants were
followed-up 1 year later during wave
2 (October 2014 to October 2015
[follow-up]). Multistage stratified
sampling was used to obtain
a sample of households from which
up to 2 individuals ages 12 to
17 years were randomly selected to
participate. After obtaining parent
permission and youth assent, youth
were interviewed by using audio-
computer–assisted self-interviewing.

The weighted baseline response rate
for youth was 78.4%. The weighted
retention rate at follow-up was
88.4%. A total of 10 081 youth
completed both waves. Of these,
1689 respondents (16.8%) were
ineligible for the current analyses
because they reported lifetime use of
a nicotine and/or tobacco product at
baseline (cigarettes, e-cigarettes,
cigars, cigarillos, filtered cigars,
tobacco pipes, tobacco hookah, snus
pouches, loose snus, moist snuff, dip,
spit, chewing tobacco, dissolvable
tobacco, bidis, or kreteks). Another
690 youth (8.2% of otherwise
eligible youth) were excluded
because of missing data on at
least 1 variable required for the
analysis. Thus, the final study
sample included 7702 adolescents.
The current analyses were
considered exempt from institutional
review board review because the
data were publicly available and
de-identified.

Measures

Outcome

The outcome of interest was
initiation of e-cigarette, combustible
cigarette, and dual-product use
between baseline and follow-up. This
outcome included 4 mutually
exclusive categories: (1) initiation of
e-cigarette use only, (2) initiation of
combustible cigarette use only, (3)
initiation of dual use, or (4) no
initiation of use of either product.
For e-cigarettes, adolescents were
first asked, “Which of the following
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electronic nicotine products have
you ever used?” and presented with
a list of products. Those who
selected “E-cigarette (including vape
pens and personal vaporizers)” were
then asked, “When was the last time
you used an e-cigarette, even one or
two times?” Adolescents were
considered to have initiated use if
they selected a response that fell
within the previous 12 months. For
combustible cigarettes, adolescents
were considered to have initiated
use if they answered “yes” to the
following question: “In the past 12
months, have you smoked
a cigarette, even one or two puffs?”
Adolescents were considered to have
initiated dual use if they met criteria
for both combustible cigarettes and
e-cigarettes.

Exposure

Past-year internalizing and
externalizing problems, the
exposures of interest, were assessed
at baseline by using the Global
Appraisal of Individual Needs–Short
Screener (GAIN-SS).22 The GAIN-SS is
a screening measure intended to
identify those likely to have a mental
disorder and assess symptom
severity; it has been validated in
adolescents23 and includes
internalizing (4 items; a = .81) and
externalizing (7 items; a = .87)
subscales (see Supplemental
Table 3). Each item measures 1
symptom; for this study, symptoms
were considered present if the
respondent selected either “in the
past month” or “two to twelve
months” from the response options.
Symptom counts were generated for
each subscale. Adolescents were
classified as reporting low (0–1
symptom), moderate (2–3
symptoms), or high ($4 symptoms)
internalizing and externalizing
problems. These cut points have
been validated for use when making
treatment decisions22 and have
previously been used with the PATH
sample.15,24

Other Covariates

Potential confounders included self-
reported adolescent sex, age, race,
and past-year marijuana and alcohol
use, as well as parent-reported
parent education level, all measured
at baseline. Missing values for sex,
age, and race were imputed by PATH
investigators, as detailed in the user
guide25; we used the imputed
variables to minimize missing data.

Statistical Analysis

Multinomial logistic regression was
used to examine the respective
relationship between internalizing
problems and externalizing
problems and the categorical
outcome variable. For all analyses,
“no initiation of either product” was
the reference group. We first
estimated a set of unadjusted
multinomial regression models to
separately examine the relationship
between each predictor and the
initiation of e-cigarette, combustible
cigarette, and dual-product use. To
estimate the independent effect of
each risk factor, controlling for all
others, a single adjusted analysis that
included all variables was
performed. With the adjusted model,
we examined differences in the
association of either internalizing
problems or externalizing problems
between outcome categories (eg, if
internalizing problems were more
strongly associated with e-cigarette
initiation than with combustible
cigarette initiation) using post hoc
Wald tests to compare adjusted
relative risk ratios (aRRRs) across
outcomes. Finally, we estimated
a model with an interaction between
internalizing and externalizing
problems to assess the extent to
which 1 type of mental health
problem (eg, internalizing) modifies
the effect of the other type (eg,
externalizing) on the outcome. We
also used the adjusted regression
model to estimate predicted
probabilities of falling into each
outcome category, which were

conditional on reporting of
internalizing or externalizing
problems, respectively.

We performed 2 sensitivity analyses.
First, internalizing and externalizing
problems were highly correlated
(r = 0.66). We recategorized
participants according to a single
mental health problem variable into
4 categories: (1) low on both
dimensions, (2) high externalizing
and low internalizing problems, (3)
low externalizing and high
internalizing problems, and (4) high
on both dimensions. Second, we
performed multiple imputation using
chained equations to account for
missing data in our analytic sample.
We generated 10 imputed data sets
and recomputed both unadjusted
and adjusted models.

All analyses were weighted and are
considered representative of the
population of 12- to 17-year-old
children living in the United States in
2013–2014. SEs were estimated by
using the wave 2 replicate weights,
which were constructed by using
balanced repeated replication (Fay’s
method) provided in the PATH data
set. Statistical significance was
assessed at P , .05. All analyses
were conducted by using Stata
Version 14 (Stata Corp, College
Station, TX).

RESULTS

At follow-up, 316 (4.1%) adolescents
in the analytic sample had initiated
e-cigarette use only, 122 (1.6%) had
initiated combustible cigarette use
only, and 110 (1.4%) had initiated
dual use. The remaining 7154
(92.9%) adolescents did not initiate
use of either product. Table 1 reveals
sample characteristics.

In unadjusted analyses, high
internalizing and externalizing
problems were strongly associated
with initiation of e-cigarette use
(internalizing relative risk ratio
[RRR] = 2.98 [95% confidence
interval (CI): 2.18–4.08];
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externalizing RRR = 4.09 [95% CI:
2.78–6.03]), combustible cigarette
use (internalizing RRR = 4.59 [95%
CI: 2.82–7.48]; externalizing
RRR = 8.31 [95% CI: 4.30–16.06]),
and dual use (internalizing
RRR = 2.60 [95% CI: 1.60–4.21];
externalizing RRR = 3.05 [95% CI:
1.79–5.18]). In adjusted analyses
(Table 2), high compared with low
externalizing problems remained
strongly associated with initiation of
e-cigarette use (aRRR = 2.78; 95%
CI: 1.76–4.40), combustible cigarette
use (aRRR = 5.59; 95% CI:
2.63–11.90), and dual use (aRRR =
2.23; 95% CI: 1.15–4.31). These
regression coefficients were not
significantly different from each
other (data not shown). In contrast,
internalizing problems remained
associated with initiation of

e-cigarette use (aRRR = 1.61; 95%
CI: 1.12–2.33) but not combustible
cigarette use or dual use. Similar to
externalizing problems, the
regression coefficients for the
association of internalizing problems
with each outcome were not
significantly different from each
other (data not shown). The
internalizing by externalizing
problems interaction term was not
significant (P = .85; data not shown).
At low, moderate, and high levels of
internalizing and externalizing
problems, the probability of initiating
e-cigarette use was consistently
higher than the probabilities of
initiating combustible cigarette use
or dual use. Figure 1 depicts
predicted probabilities of each
outcome category on the basis of the
adjusted model.

Additionally, in the adjusted models,
past-year alcohol use was
significantly associated with a higher
likelihood of initiating all outcome
categories. Older age was
significantly associated with a higher
likelihood of initiating e-cigarette
use and dual use. Past-year
marijuana use was significantly
associated with a higher likelihood of
initiating combustible cigarette and
dual-product use. African American
adolescents were less likely to
initiate e-cigarette and dual-product
use compared with white
adolescents. Adolescents in the
“other” race category were less likely
to initiate combustible cigarette use
compared with white adolescents.

For our sensitivity analyses, results
produced by using the recategorized
exposure variable revealed the same
pattern of findings as our main
analyses (see Supplemental Table 4).
Additionally, our results did not
change substantively after multiple
imputation (see Supplemental
Table 5).

DISCUSSION

Our objective for the current study
was to examine the extent to which
internalizing and externalizing
problems predicted initiation of
e-cigarette, combustible cigarette,
and dual-product use among
adolescents with no previous
nicotine and/or tobacco use. We
found, after adjusting for potential
demographic and behavioral
confounding factors, that
externalizing problems
independently predicted initiation of
use for all outcome categories,
whereas internalizing problems
predicted initiation of e-cigarette use
only. Our results extend the findings
of a recent article in which the
authors examined a similar research
question among 12- to 24-year-olds
in the PATH sample.13 First, Green
et al13 examined associations
between mental health problems and

TABLE 1 Counts and Weighted Proportions of Population Characteristics Among US Youth Reporting
No Lifetime Nicotine- and/or Tobacco-Product Use in the PATH Study, 2013–2015

Variable n (%)

Internalizing problems
Low 3958 (51.4)
Moderate 2278 (29.6)
High 1466 (19.0)

Externalizing problems
Low 3045 (39.5)
Moderate 2386 (31.0)
High 2271 (29.5)

Sex
Female 3797 (49.3)
Male 3905 (50.7)

Age, y
12–14 5047 (65.5)
15–17 2655 (34.5)

Race
White alone 5352 (69.5)
African American alone 1203 (15.6)
Othera 1147 (14.9)

Parent education level
Less than high school 1539 (20.0)
High school or equivalent 1372 (17.8)
Some college or associate’s degree 2409 (31.3)
Bachelor’s degree 1558 (20.2)
Advanced degree 824 (10.7)

Past-year marijuana use
No 7572 (98.3)
Yes 130 (1.7)

Past-year alcohol use
No 7176 (93.0)
Yes 526 (7.0)

Percentages are weighted by using the wave 2 replicate weights.
a The “other” race category includes participants identifying as American Indian or Alaskan native, Asian Indian, Chinese,
Filipino, Japanese, Korean, Vietnamese, other Asian American, Native Hawaiian, Guamanian or Chamorro, Samoan, and
other Pacific Islander.
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initiation of electronic nicotine
delivery system use, which included
e-cigarettes, e-cigars, e-pipes, and
e-hookahs, whereas we examined
initiation of use of e-cigarettes only.
On the basis of the current study, we
can be more confident that mental
health problems are associated with
initiation of e-cigarette use
specifically. Second, we used past-
year internalizing and externalizing
problems as our exposure, whereas
Green et al13 used lifetime measures;
by using past-year exposures, it is
suggested that mental health
problems are a proximal rather than
distal risk factor for nicotine- and/or
tobacco-product use. Third, we
tested for interactive effects of
internalizing and externalizing
problems on risk of initiation.

Fourth, we examined whether
internalizing or externalizing
problems increased the risk of
initiating use of 1 nicotine and/or
tobacco product more than another.
Finally, we included only
adolescents, for whom the
implications of e-cigarette use may
be unique.

Our pattern of findings is novel and
deviates somewhat from results
obtained in previous studies. In 2
longitudinal studies of college
students and adolescents, elevated
depressive symptoms were
associated with increased risk of
initiation of e-cigarette, combustible
cigarette, and dual-product use16,17;
however, in neither of these studies
did the authors adjust for

externalizing problems. Interestingly,
Green et al13 found that internalizing
problems were a predictor of
initiation of combustible cigarette use
even after controlling for
externalizing problems, whereas we
did not observe this association. This
may reflect the more restricted age
range or smaller sample size in our
study. Nevertheless, our results
suggest that externalizing problems
may be a more consistent predictor of
initiation of combustible cigarette and
e-cigarette use than internalizing
problems. This is in line with a recent
meta-analysis, which revealed that
externalizing problems, including
sensation seeking and rebelliousness,
were more consistently associated
with initiation of combustible
cigarette use than internalizing

FIGURE 1
Adjusted percentages of initiation of e-cigarette, combustible cigarette, and dual-product use at 12-month follow-up among US youth reporting no lifetime
nicotine- and/or tobacco-product use at baseline, stratified by internalizing and externalizing problem levels (low, moderate, or high) in the PATH Study,
2013–2015.
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problems, such as anxiety and
depressive symptoms, were.10

There are a number of potential
reasons for these findings.
Adolescents who initiate combustible
cigarette use may believe that doing
so will improve their mood via self-
medication.8 Limited self-regulation
and impulsivity may predispose
adolescents to experiment with risky
behaviors and affiliate with peers
who are more likely to use illicit
substances.26,27 Some studies have
revealed that combustible cigarette
smoking precedes mental health
problems,28 although this is unlikely
to account for the findings in this
study because we excluded
adolescents with past nicotine- and/
or tobacco-product use at baseline.

We found no evidence that severity of
mental health problems differentially
predicted initiation of e-cigarette and
combustible cigarette use. High
compared with low levels of
externalizing problems were
associated with almost 6 times the
risk of initiating combustible cigarette
use, compared with only 2 to 3 times
the risk of initiating e-cigarette or
dual-product use, but this difference
was not statistically significant.
Similarly, although internalizing
problems were significantly
associated with only e-cigarette
initiation, the differences in
associations between internalizing
problems and each of the 3 outcomes
were nonsignificant. These findings
are similar to those obtained by
Lechner et al,17 who found no
differential likelihood of initiation of
e-cigarette and combustible cigarette
use by level of depressive symptoms.
This suggests that elevated mental
health problems, particularly
externalizing problems, increase the
risk of initiating e-cigarette and
combustible cigarette use uniformly.

In our sample, rates of initiation of
e-cigarette use were consistently
higher than that of combustible
cigarette or dual-product use. The

broader range of problems predicting
initiation of e-cigarette use (ie, both
internalizing and externalizing
problems, whereas only externalizing
problems predicted initiation of
combustible cigarette use) may partly
explain why the rate of use among
adolescents has now surpassed that
of combustible cigarettes.1

Adolescents may falsely believe that
e-cigarettes are less addictive than
combustible cigarettes, that the
nicotine in e-cigarettes is artificial,
and that exposure to secondhand
vapor from e-cigarettes is not
harmful.29–31 Furthermore,
qualitative studies suggest that
adolescents view e-cigarettes as
a more socially acceptable alternative
to combustible cigarettes.32 Coupled
with substantial media influence,33

these beliefs and social pressures
may explain the high levels of
initiation.

Our findings have important public
health implications. Given the nearly
14-fold increase in rates of current
e-cigarette use among youth between
2011 and 2018,1 prevention
programs for adolescents should
consider broadening the focus from
combustible cigarette users to the
rapidly growing population of
e-cigarette users. There is some
evidence that school-based
prevention programs can have both
short- and long-term effects on
smoking risk, particularly if they
address behavioral antecedents to
smoking, such as impulsivity and risk-
taking.34 Our results suggest that
prevention programs targeting these
behaviors may also be effective in
reducing risk for initiation of
e-cigarette use. Another pathway for
prevention efforts is through health
care providers, who routinely provide
education to patients, screen for
problematic substance use, and
provide cessation treatment.35 At
present, some providers in pediatric
settings report using motivational
interviewing to elicit behavior
change.36 However, reported barriers

to discussing e-cigarette use with
adolescents include lack of
knowledge of the harms of e-cigarette
use and unfamiliarity with the slang
terms used to denote smoking
behaviors.36 To maximize the
potential for risk reduction in health
care settings, education about
e-cigarettes should be delivered to
pediatric providers, which may in
turn increase self-efficacy to deliver
preventive interventions.37

This study has several limitations.
First, we limited our analyses to
initiation of e-cigarette and
combustible cigarette use and did not
include the initiation of use of other
nicotine and/or tobacco products.
Other nicotine and/or tobacco
products may be used exclusively or
in conjunction with combustible
cigarettes,19 and authors of future
studies should determine how mental
health problems relate to initiation of
use of these products. Second, the
GAIN-SS is a screening measure
rather than a diagnostic tool; different
associations between mental health
problems and initiation of nicotine-
and/or tobacco-product use may
emerge if clinical diagnoses are used.
Third, the available data did not allow
us to distinguish between
experimentation and sustained use.38

Depressive symptoms in adolescents
are associated with higher rates of
smoking and tobacco dependence39;
authors of future studies should
investigate how mental health
problems relate to different patterns
of e-cigarette use. Fourth, the
association between mental health
problems and the onset of e-cigarette
and combustible cigarette use may
reflect a common unmeasured cause
of both variables. Despite these
limitations, the PATH Study provided
1 of the few prospective, nationally
representative samples of youth
available, with concurrent
examination of both internalizing and
externalizing problems and detailed
nicotine- and/or tobacco-product
measures.
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CONCLUSIONS

The results of this longitudinal
study reveal that adolescents
were more likely to initiate
e-cigarette use than combustible
cigarette use over a 1-year
follow-up. Elevated externalizing
problems were associated
with increased risk for
initiating e-cigarette, combustible
cigarette, and dual-product

use, whereas internalizing
problems were associated only with
initiation of e-cigarette use. To
understand the mechanisms
underlying the associations
found in these analyses, future
researchers using the PATH data
should examine whether changes
in mental health problems over
time are associated with changes in
nicotine- and/or tobacco-
product use.

ABBREVIATIONS

aRRR: adjusted relative risk ratio
CI: confidence interval
e-cigarette: electronic cigarette
GAIN-SS: Global Appraisal of

Individual Needs–Short
Screener

PATH: Population Assessment of
Tobacco and Health

RRR: relative risk ratio
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