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Abstract

This study (a) examined changes in marijuana and cigarette initiation sequencing and (b)
considered implications of such changes for prevention efforts by examining associations between
initiation sequencing and current adolescent substance use. Analyses used 2000-2019 cross-
sectional data from the national Monitoring the Future (MTF) study (78,252 U.S. 12th grade
students). Models examined trends in six distinct patterns of initiation order, and multivariable
associations between order of initiation and 30-day cigarette and marijuana use prevalence,
cigarette and marijuana use frequency among users, and nicotine and marijuana vaping prevalence.
While the percentage of students initiating neither cigarettes nor marijuana increased, increases
also were observed in marijuana-only initiation (the fastest-growing pattern) and initiation of
marijuana before cigarettes; these increases were accompanied by a significant decrease in
cigarette-only initiation. Cigarette use prevalence and frequency were highest among students
initiating cigarettes before marijuana; marijuana use prevalence and frequency were highest
among students initiating marijuana before cigarettes. Cigarette and marijuana prevalence, as well
as marijuana frequency, were lowest among students initiating only a single substance. Nicotine
vaping was less prevalent among students initiating a single substance versus both substances, but
no significant differences were observed in nicotine vaping prevalence between those initiating
only cigarettes versus only marijuana. Implications of these findings for prevention efforts are
discussed in the frameworks of both the common liability model and route of administration
model.
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Adolescent cigarette and marijuana use are associated with a range of negative outcomes
(American College of Pediatricians 2018; U.S. Department of Health and Human Services
2012). Several theoretical models have been developed to explain if and how the order in
which adolescents initiate substance use may have implications for prevention effort focus
and timing, e.g., the gateway, common liability, and route of administration models. The
gateway model (Kandel and Kandel 2015) posits that initiation order is important because
tobacco use—particularly cigarette use—is causal of later marijuana use. The gateway
model indicates prevention efforts should focus strongly on tobacco at early ages in order to
prevent later marijuana uptake. The common liability model (van Leeuwen et al. 2011;
Vanyukov et al. 2012) posits that cigarette and marijuana use both arise from common
biological and social liability factors associated with substance use in general. The common
liability model suggests prevention efforts should focus on delaying/preventing initiation of
both behaviors from early childhood onwards, given that adolescents who use one substance
may be likely to initiate the other given adequate consumption opportunities. The route of
administration model (Agrawal and Lynskey 2009) hypothesizes the shared administration
route of inhalation connects cigarette and marijuana use. Thus, prevention efforts might
focus on preventing early inhalation behaviors (i.e., considering a combined risk group who
smoke combustible tobacco or marijuana, or report any vaping behaviors) versus focusing on
preventing cigarette or marijuana use initiation separately without regard to administration
method.

Until recently, cigarette and marijuana initiation order appeared relatively stable across time.
International data generally have been consistent in finding adolescents initiate cigarette use
prior to marijuana use (Baumeister and Tossmann 2005; Degenhardt et al. 2008; Leatherdale
et al. 2008). Yet, recent research indicates cigarette initiation age has increased among U.S.
youth (Cantrell et al. 2018; Keyes et al. 2019) while marijuana initiation age has remained
stable (Keyes et al. 2019). Changes in initiation order may be associated with public
acceptance decreasing for cigarettes while increasing for marijuana as reflected in changing
policy and perceived risk (Bretteville-Jensen and Williams 2011; Fairman et al. 2019;
McBride et al. 2016; Miech et al. 2020; Wen et al. 2019). Cigarette and marijuana initiation
order change also may be associated with modern vaping technology. A growing number of
adolescents initiate nicotine vaping before cigarette smoking (Evans-Polce et al. 2020).
Marijuana initiation likelihood may be increasing due to perceptions that vaping (versus
smoking) cannabis is safer and allows use in more locations (Budney et al. 2015). Patterns of
cigarette and marijuana initiation order include initiating (1) neither, (2) cigarettes only, (3)
marijuana only, (4) cigarettes before marijuana, (5) cigarettes and marijuana at the same
time, or (6) marijuana before cigarettes. Among adolescents who have initiated both, the
likelihood of initiating marijuana prior to cigarettes is growing (Fairman et al. 2019; Keyes
et al. 2019; Livingston et al. 2020). Little data are available that examine the degree to which
changes over time are occurring in initiating cigarettes only or marijuana only, or initiating
both substances at the same time.

Based on gateway, common liability, and/or route of administration models, initiation order
change impacts later adolescent cigarette, nicotine vaping, and marijuana use. According to
the gateway model, the observed decreases in cigarette initiation (Cantrell et al. 2018; Keyes
et al. 2019) should lead to decreasing adolescent cigarette and marijuana prevalence, but
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national data show decreased cigarette prevalence but stable marijuana prevalence (Miech et
al. 2020). While not consistent with the gateway model, current trends are consistent with
the common liability model as it does not hypothesize an a priori substance initiation
sequence.

Based on the common liability model, cigarette and/or marijuana use prevalence likelihood
may not vary based on changing percentages of adolescents initiating one substance prior to
the other. Fairman et al. (2019) found initiating marijuana prior to other substances was
associated with higher heavy marijuana use and use disorder, but nicotine dependence was
not associated with marijuana and cigarette initiation order. Co-use of tobacco and marijuana
is associated with increased dependence and withdrawal difficulty for both substances
(Agrawal et al. 2012; Hindocha et al. 2015; Peters et al. 2012; Weinberger et al. 2018).
Frequent marijuana use is associated with higher nicotine addiction among adolescents
(Rubinstein et al. 2015), possibly due to connections between marijuana’s primary
psychoactive component (THC) and later nicotine addiction (Panlilio et al. 2013).
Marijuana’s associations with decreased motivation also may reduce motivation to quit
smoking cigarettes (Humfleet and Hass 2004).

The route of administration model supports the possibility that changing cigarette and
marijuana initiation patterns may affect vaping behaviors. Prospective research found
significant bi-directional links between nicotine vaping and marijuana initiation (Ksinan et
al. 2020). Overall nicotine vaping may be just as prevalent among adolescents who initiate
marijuana only as among those who initiate cigarettes only due to common inhalation
experience.

Examining associations (even at descriptive cross-sectional levels) between cigarette and
marijuana initiation patterns and adolescent cigarette smoking, nicotine vaping, and
marijuana use would be informative when considering the potential implications of initiation
order change for prevention efforts. Analyses would need to consider the extent to which
observed cross-sectional associations may be confounded by other measures. Research has
identified key covariates that significantly correlate with, or act as moderators of, cigarette
smoking and marijuana use initiation and/or current use. Such covariates include sex, race/
ethnicity, parental education, individual education, and truancy (Evans-Polce et al. 2020;
Fairman 2015; Green et al. 2016; Henry and Thornberry 2010; Kennedy et al. 2016; Miech
et al. 2020; Vanyukov et al. 2012; Weinberger et al. 2018). Further, marijuana (or cigarette)
initiation may lead to exposure to social mechanisms such as perceived norms and peer
groups that then lead to cigarette use (or marijuana use) (Keyes et al. 2019). If so,
controlling for factors such as perceived risk and friends’ substance use may help isolate
independent associations between initiation order and current use. Analyses also should
control for alcohol use (the other primary substance used by adolescents) and age of
initiation (Reidpath et al. 2014; Richmond-Rakerd et al. 2017).

The current study used cross-sectional, nationally representative data from U.S. 12th grade
students collected from 2000 to 2019 to examine (1) change in cigarette and marijuana
initiation order, as well as (2) associations between initiation order patterns and past 30-day
adolescent cigarette and marijuana use, and (in recent years) nicotine and marijuana vaping.
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Based on the common liability and route of administration models, as well as recent changes
in policy and perceived risk, it was hypothesized that (a) growing percentages of adolescents
would report initiation of marijuana only, or initiation of marijuana before cigarettes; (b)
current cigarette and marijuana use likelihood each would be highest among students
reporting initiating that substance before the other, and least likely among students initiating
only that substance; and (c) vaping nicotine would be most likely among students initiating
both cigarettes and marijuana, followed by those initiating only one or the other, followed by
those initiating neither.

Participants and Procedure

Measures

Analyses used data from the Monitoring the Future (MTF) study; detailed methodology is
available elsewhere (Bachman et al., 2015; Miech et al., 2020). MTF annually surveys
nationally representative cross-sectional samples of 12th grade students in the coterminous
U.S.A,, resulting in approximately 15,000 students from 130 high schools surveyed per year.
Informed consent was obtained; a University of Michigan Institutional Review Board
approved the study. Surveys were administered in classrooms by University of Michigan
personnel; students self-completed surveys during a normal class period. From 2000 to
2019, student response rates averaged 82%; absenteeism was the primary reason for
nonresponse (Miech et al. 2020).

MTF uses six questionnaire forms (randomly distributed within classrooms); grade of first
use items are asked on two forms yielding a random one third of the full sample. A total of
94,496 students responded to forms containing grade of first use questions from 2000 to
2019. Of the 94,496, 14,965 (15.8%) did not provide valid data for items on grade of first
use of cigarettes and/or marijuana; an additional 863 (0.9%) were excluded due to reporting
“grade 6 or below” for both substances, resulting in our inability to determine which was
initiated first. An additional 416 cases (0.4%) were excluded due to missing outcome data
(past 30-day cigarette use, marijuana use, nicotine vaping, and marijuana vaping), or
inconsistencies between reported initiation history and past 30-day use. Thus, the analytic
sample included 78,252 cases (82.8% of the 94,496 possible). Sensitivity analyses indicated
retained (vs. total sample) cases were more likely to be female (vs. male), be white (vs. non-
white), and report high parental education.

Independent Variables—Respondents were asked: “When (if ever) did you FIRST do
each of the following things? ...Smoke your first cigarette. ... Try marijuana or hashish.”
Answer categories were as follows: grade 6 or below, grade 7, grade 8, grade 9 (freshman),
grade 10 (sophomore), grade 11 (junior), grade 12 (senior), and never. Order of initiation
was coded as a multi-categorical variable indicating (1) initiating neither cigarette nor
marijuana use (non-initiation); (2) cigarette-only initiation (i.e., did not initiate marijuana
use); (3) marijuana-only initiation; (4) initiating cigarettes before marijuana (cigarette-first
initiation); (5) initiating both cigarettes and marijuana in the same grade (same-grade
initiation); and (6) initiating marijuana before cigarettes (marijuana-first initiation). To help
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provide context for changes over time in specific order of initiation patterns, two additional
dichotomous indicators were coded indicating any cigarette initiation and any marifuana
initiation.

Outcome Variables—Respondents were asked, “How frequently have you smoked
cigarettes during the past 30 days?” (not at all, less than 1 cigarette per day, 1-5 cigarettes
per day, about ¥ pack per day, about 1 pack per day, about 1 %2 packs per day, 2+ packs per
day). Two measures were coded for analysis: cigarette use prevalence (0,1) and cigarette
frequency among smokers (coded as 0.5, 3, 10, 20, 30, 40, based on the response categories
listed above). Marijuana use was measured using the item, “On how many occasions (if any)
have you used hashish/marijuana during the last 30 days?” (0 occasions, 1-2, 3-5, 6-9, 10—
19, 20-39, and 40 or more). Two dichotomous marijuana measures were coded for analysis:
any marijuana use prevalence (0,1) and frequent marijuana use among users (0 = 1-19
occasions; 1 = 20+ occasions). Nicotine and marijuana vaping prevalence items (available
only for 2017-2019, and on only one of the two relevant questionnaire forms) were asked as,
“On how many occasions (if any) have you vaped [specified substance] during the last 30
days?” and coded into dichotomies of any/none.l

Covariates—All covariates other than year were self-reported, and included grade smoked
first cigarette, grade first tried marifuana, and grade first drank alcohol (before 9th grade,
9th-12th grade, not initiated); past 30-dayalcofol use frequency (0, 1.5, 4, 7.5, 14.5, 29, 40
occasions); perceived risk of smoking 1+ cigarette packs/day, perceived risk of using
marijuana regularly, and (in the model examining current nicotine vaping) perceived risk of
vaping nicotine regularly (great risk vs. no/slight/moderate risk; perceived risk of vaping
marijuana is not asked); how many friends smoke cigarettes and how many friends use
marifuana (most/all vs. none/a few/some); gender (male vs. female); race/ethnicity (African
American/Black, Hispanic, White, or other including multi-racial); parental education (used
as a proxy for socioeconomic status, indicating if any parent completed college vs. not);
average high school grades (B— or above vs. C+ or below); truancy (any whole days of
school missed due to skipping/cutting in the last 4 weeks vs. none); and year of survey
(coded as centered linear and quadratic terms for time trend models, and as four
dichotomous 5-year indicators for multivariable models).

Statistical Analysis

Descriptive statistics and prevalence/mean frequency estimates utilized SURVEYFREQ and
SURVEYMEANS procedures in SAS v.9.4 (SAS Institute, Inc., Cary, NC), accounting for
the complex sample design and employing weights to account for unequal probabilities of
selection. To examine change over time in patterns of cigarette and marijuana initiation
(research question [RQ] 1), SURVEYLOGISTIC models were run regressing dichotomous
indicators for each pattern type on centered linear and quadratic year terms.

To examine associations between the various initiation patterns and substance use outcomes
(RQ2), Mplus v.7.4 (Muthén and Muthén, Los Angeles, CA) was used to fit logistic

1From 2017 to 2018, the items were worded as “On how many occasions...”, while in 2019, the wording was changed to “On how

many DAYS...”.
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regression models for prevalence outcomes and OLS regression models for cigarette
frequency among smokers. Order of initiation was modeled using dummy indicators. For
cigarette outcomes, the referent category was cigarette-first initiation; non-initiators and
marijuana-only initiators were excluded. For nicotine vaping, the referent category again
was cigarette-first initiation, but all other initiation categories were included. For marijuana
outcomes, marijuana-first initiation was the referent category; non-initiators and cigarette-
only initiators were excluded. All models were run simultaneously including initiation order;
grade of first use of cigarettes, marijuana, and alcohol (using dichotomies of before 9th
grade vs. other); alcohol use frequency; perceived risk of cigarettes and marijuana, friends’
use of cigarettes and marijuana, gender; race/ethnicity; parental education; high school
grades; truancy; and year (using 5-year-group indicators; 2015-2019 was omitted as the
referent category). For nicotine and marijuana vaping models, year was excluded because
only 3 years of data (2017-2019) were available for these outcomes. Cigarette outcome
models also included past 30-day marijuana use frequency (no use, non-frequent use,
frequent use); marijuana outcome models included past 30-day cigarette use frequency; the
nicotine vaping model included past 30-day cigarette and marijuana use frequency and
perceived risk of vaping nicotine. All Mplus models accounted for the complex sample
design (specifying TYPE = COMPLEX), included sampling weights, and used maximum
likelihood estimation with robust standard errors and Monte Carlo integration. Missing data
on covariates were addressed by using full-information maximume-likelihood estimation in
Mplus (Muthén and Muthén 1998-2017).

Sample Descriptives

Descriptive statistics are shown in Table 1. Among all students from 2000 to 2019, 16.7%
reported any 30-day cigarette use; mean frequency among smokers was 5.1 cigarettes per
day. Any 30-day marijuana use was reported by 18.9% of students; 26.4% of users reported
frequent use. From 2017 to 2019, any 30-day nicotine vaping was reported by 17.7% of
students; any 30-day marijuana vaping was reported by 18.0%.

Order of Initiation Trends

Table 2 provides the percentages of students reporting each pattern of cigarette and
marijuana initiation over time; data are presented graphically in Fig. 1. All trends discussed
below were significant at p < 0.01 or stronger. Any cigarette initiation decreased from 56.0%
in 2000 to 18.2% in 2019; any marijuana initiation decreased from 44.1 to 37.3%. Among
all respondents and averaging across years, 50.8% were non-initiators. Approximately one in
five initiated only one of the two substances: 8.9% cigarette-only initiation and 13.0%
marijuana-only initiation. Approximately one quarter of respondents initiated both
substances: 14.4% cigarette-first initiation, 8.3% same-grade initiation, and 4.7% marijuana-
first initiation.

The percentage of those not initiating either drug increased by more than half, from 38.6 to
59.2%. Cigarette-only initiation decreased by a factor of 5 (from 17.3 to 3.5%). As a
percentage of all cigarette initiation, cigarette-only initiation decreased from 31% in 2000
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(17.3/56.0) to 19% in 2019 (3.5/18.2). Marijuana-only initiation quadrupled (from 5.5 to
22.7%); as a percentage of all marijuana initiation, marijuana-only initiation increased from
12% in 2000 (5.5/44.1) to 61% (22.7/37.3) in 2019. There were significant decreases in
cigarette-first initiation (down by almost a factor of 5 from 27.1 to 5.6%). For the remaining
two patterns, nonlinear changes were observed. Same-grade initiation increased from 8.9 to
10% in 2005, but then decreased, reaching 4.8% in 2019 (an overall decrease of
approximately 50%). Marijuana-first initiation increased from 2.7 to 6.0% in 2013 and then
decreased to approximately 4% in 2019 (an increase of roughly 50% overall).

Among the 27.4% of students who initiated both substances, 52.6% reported cigarette-first
initiation, 30.3% same-grade initiation, and 17.1% marijuana-first initiation (Table 2, lower
panel). Among initiates of both substances, cigarette-first initiation decreased by just under
half (from 70.1 to 38.2%); same-grade initiation increased by approximately 40% (from 23.1
to 32.7%); and marijuana-first initiation more than quadrupled, rising from 6.9 to 29.0%.

Thus, over the 20 years examined, the strongest changes over time in initiation order for
students overall occurred for cigarette-only, marijuana-only, and cigarette-first initiation.
Among students initiating both substances, the strongest changes observed were for
cigarette-first and marijuana-first initiation. In the regression models below, attention will be
particularly focused on comparisons of these initiation patterns.

Associations Between Order of Initiation and Substance Use Outcomes

Table 3 presents prevalence or mean frequency estimates of all outcomes by initiation order,
as well as multivariable regression estimates for the likelihood of each outcome based on
initiation order. Supplement Tables 1-2 present full results including covariate associations.

Cigarette and Nicotine Vaping Outcomes

Cigarette Prevalence—Among cigarette-first initiators, 53.5% used cigarettes in the past
30 days. In comparison, cigarette prevalence was significantly lower among cigarette-only
initiators (29.4%), same-grade initiators (48.5%), and marijuana-first initiators (47.2%). In
additional models using cigarette-only initiation as the referent category (not shown), the
likelihood of any cigarette use was significantly higher for both same-grade initiators (AOR
1.29[95% CI 1.16, 1.43], p< 0.001) and marijuana-first initiators (AOR 1.22 [1.06, 1.39], p
=0.004).

Cigarette Frequency Among Smokers—Among cigarette users, mean daily cigarette
frequency for cigarette-first initiators was 6.2/day, significantly higher than other initiation
patterns: 3.5/day among cigarette-only initiators, 4.7/day among same-grade initiators, and
3.9/day among marijuana-first initiators. In additional models (not shown), no significant
differences in cigarette frequency were observed between cigarette-only initiators and either
same-grade (p = 0.412) or marijuana-first (p = 0.929) initiators.

Nicotine Vaping Prevalence—Thirty-day nicotine vaping was reported by 4.8% of non-

initiators, 26.4% of marijuana-only initiators, 30.0% of cigarette-only initiators, 46.2% of
marijuana-first initiators, 47.9% of same-grade initiators, and 51.2% of cigarette-first
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initiators. Nicotine vaping likelihood was significantly higher among cigarette-first initiators
than non-initiators, cigarette-only initiators, marijuana-only initiators, and marijuana-first
initiators. No significant differences in nicotine vaping were observed between cigarette-first
initiators and same-grade initiators. In additional models (not shown), nicotine vaping
likelihood was significantly lower among non-initiators than cigarette-only initiators (AOR
0.15 [0.09, 0.25], p< 0.001), but no significant differences were observed for cigarette-only
initiators versus marijuana-only (p = 0.068), same-grade (p = 0.379), or marijuana-first (o=
0.937) initiators.

Marijuana Use Outcomes

Marijuana Use Prevalence—Past 30-day marijuana use was reported by 61.4% of
marijuana-first initiators. All other initiation patterns reported significantly lower
prevalence: 40.7% of marijuana-only initiators, 48.1% of cigarette-first initiators, and 48.4%
of same-grade initiators. In additional models using marijuana-only initiators as the referent
category (not shown), marijuana use likelihood was significantly higher among cigarette-
first initiators (AOR 1.32 [1.19, 1.47], p< 0.001) and same-grade initiators (AOR 1.25 [1.14,
1.37], p<0.001).

Frequent Use Among Marijuana Users—More than one third (35.9%) of past 30-day
marijuana users reported frequent use among marijuana-first initiators, a significantly higher
percentage than for other initiation patterns: 16.6% for marijuana-only initiators, 27.8% for
cigarette-first initiators, and 29.8% for same-grade initiators. Compared to marijuana-only
initiators, frequent use was significantly higher among cigarette-first (AOR 1.44 [1.19, 1.74],
£ <0.001) and same-grade (AOR 1.59 [1.36, 1.86], p < 0.001) initiators (not shown).

Marijuana Vaping Prevalence—Past 30-day marijuana vaping was reported by 29.5% of
marijuana-first initiators, 14.9% of marijuana-only initiators, 19.0% of cigarette-first
initiators, and 20.9% of same-grade initiators. The likelihood of marijuana vaping was
statistically similar between marijuana-first initiators and all other initiation patterns. No
significant differences were observed between marijuana-only initiators versus cigarette-first
(0= 10.451) or same-grade (p = 0.858) initiators (data not shown).

Discussion

Among this large, nationally representative sample of U.S. 12th grade students, significant
changes from 2000 to 2019 were observed in all self-reported patterns of cigarette and
marijuana initiation. As hypothesized, marijuana-only and marijuana before cigarette
initiation increased, while cigarette-only initiation decreased. Also as hypothesized, cigarette
prevalence and frequency were highest among students who initiated cigarettes before
marijuana; marijuana use prevalence and frequency were highest among students who
initiated marijuana before cigarettes. Cigarette and marijuana use prevalence, and marijuana
frequency, were lowest among students initiating only that substance. Nicotine vaping was
less prevalent among students who initiated only one versus both substances; no significant
nicotine vaping differences were observed between cigarette-only and marijuana-only
initiators.
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Before considering the findings’ implications, several limitations should be recognized. Data
were cross-sectional; results cannot be interpreted as causal. Findings may not generalize to
non-U.S. settings or to individuals who drop out of high school; lower educational
attainment is associated with higher substance use (Tice et al. 2017). Initiation order was
based on retrospective self-reported grade of first use. However, self-reported age of onset
has been found to be reasonably accurate in regard to substance use sequencing (LaBouvie
et al. 1997). Self-report substance use data have been found to be reasonably reliable and
valid under appropriate conditions (e.g., recognized, clearly protected confidentiality) which
the MTF study has sought to provide (Bachman et al. 2015; Brener et al. 2003; Johnston and
O’Malley, 1985; Miech et al. 2020; O’Malley et al. 1983). Some key covariates associated
with cigarette and marijuana use initiation, such as family substance use disorder history,
could not be included due to MTF data limitations but should be considered in future
research. Longitudinal research is needed to model causal connections between cigarette and
marijuana initiation patterns and later substance use through adulthood. Limitations
notwithstanding, these findings have several implications for prevention efforts.

The current study’s results are not consistent with the gateway model, and thus do not
support primary prevention effort focus on deterring cigarette use in order to deter later
marijuana use. Findings are consistent with the common liability model’s position that
common factors are associated with overall substance use likelihood. One such factor may
be changing social norms. As noted previously public acceptance has dramatically decreased
for cigarette use while notably increasing for marijuana use (Bretteville-Jensen and Williams
2011; Fairman et al. 2019; McBride et al. 2016; Miech et al. 2020; Wen et al. 2019). Primary
prevention efforts may be strengthened by focusing on deterring specific behaviors
(cigarette, nicotine, and marijuana use) with particular attention given to prevention
messaging for the most common substances/use methods in each locale that are likely to be
used first by adolescents (Degenhardt et al. 2010).

The dramatic reductions in any cigarette initiation observed in the current study reflect, in
part, incredible efforts by the prevention community to utilize policy and regulatory
mechanisms to lower adolescent and adult tobacco use. It is important to realize that
increasing marijuana initiation carries risks for tobacco and nicotine use. Marijuana use
(particularly frequent use) is associated with transitions to higher levels of cigarette smoking
involvement (Agrawal et al. 2008), lower cigarette cessation rates (Swift et al. 2012), and
relapse (Weinberger et al. 2018). Further, marijuana use increases cigarette initiation
likelihood during adolescence and into adulthood (Agrawal et al. 2008; Nguyen et al. 2018;
Swift et al. 212; Tullis et al. 2003; Weinberger et al. 2018). Tobacco control efforts may be
strengthened by giving additional attention to growing marijuana use (Weinberger et al.
2018). Correspondingly, marijuana prevention efforts may be strengthened by learning from
existing tobacco control policy and regulatory approaches (Keyes et al. 2019), particularly as
state policy increasingly allows legalized recreational adult marijuana use.

The current study’s findings have several implications for prevention as expressed in
intervention and treatment. First, the common liability model suggests adolescent screening
and assessment tools should assess a range of behaviors including alcohol, tobacco,
marijuana, and other substances (DuPont et al. 2018; for example screening tools, see
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National Institute on Drug Abuse 2019). Identification of problematic use of one substance
may be considered an indicator of high risk for problematic use of other substances,
regardless of initiation order. Second, decreasing cigarette-only initiation indicates a
growing percentage of adolescents who ever initiate cigarette use also will have some degree
of current or past marijuana experience, and thus a higher likelihood of current smoking
prevalence with high frequency. Efforts to help nicotine/tobacco-using youth reduce use
and/or quit are more likely now to also address current marijuana use and possible
withdrawal to both substances. Third, a growing percentage of adolescent marijuana users
do not have experience with cigarette smoking, but do have experience with nicotine vaping.
Given that marijuana use increases cigarette use initiation likelihood (Agrawal et al. 2008;
Nguyen et al. 2018; Swift et al. 212; Tullis et al. 2003; Weinberger et al. 2018), clinicians
should be aware of the potential need to help adolescents who have initiated marijuana but
not cigarette use avoid transitioning to cigarette smoking.

Finally, this study’s findings regarding current vaping behaviors have implications for all
prevention levels. More marijuana-only initiates reported current nicotine vaping than
marijuana vaping (26.4% vs. 14.9%); approximately half of those who initiated both
cigarettes and marijuana reported current nicotine vaping. These results are consistent with
the route of administration model, in which both (a) physiological adaptation to substance
inhalation and (b) social/cultural norms and behavioral cues surrounding smoked versus
smokeless forms of tobacco may influence the likelihood of co-occurring use (Agrawal et al.
2012; Agrawal and Lynskey 2009). Primary prevention may be strengthened by focusing
risk messaging on inhalation behaviors in general versus targeting specific vaping behaviors.
Policy actions limiting adolescent access to vaping devices may simultaneously help reduce
nicotine and marijuana vaping, marijuana smoking (Ksinan et al. 2020), and lung injury that
has been found to be associated with vaping behaviors (Christiani 2020). An awareness of
risks associated with different vaping technologies may also assist prevention efforts; some
types of vaping devices facilitate switching between cannabis and nicotine juices
(Majmundar et al. 2019).

Taken together, these findings underscore the importance of monitoring change in initiation
patterns and evaluating how such change may impact efforts to prevent, intervene in, and
treat adolescent cigarette, nicotine, and marijuana use. Cigarette-only initiation has
decreased dramatically; a growing percentage of current adolescent cigarette users has some
level of current or past experience with marijuana use, increasing the likelihood of currently
smoking cigarettes and doing so at high frequency. The quickly growing group of marijuana-
only initiators evidences meaningful levels of nicotine vaping, and a growing percentage of
adolescents who initiate both cigarette smoking and marijuana use report marijuana-first
initiation, associated with a higher likelihood of any and frequent current marijuana use.
Prevention efforts may be strengthened by (a) emphasizing the importance of no adolescent
substance use (vs. focusing on preventing “gateway” substances); (b) tailoring prevention
messaging to shared routes of administration (i.e., inhaled use of both combustible and
vaped substances); (c) expanding policy and regulatory efforts that have proved successful
with tobacco to include marijuana; (d) encouraging use of screening tools that assess a range
of adolescent substance use behaviors; and (e) recognizing that adolescents presenting for
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either tobacco/nicotine or marijuana use treatment increasingly are likely to have established
co-use patterns that may affect both dependence and cessation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Trends in order of cigarette and marijuana initiation of among U.S. 12th grade students,
2000-2019. Notes. n(unweighted) = 78,252, all 12th grade respondents; 21,406 among
cigarette and marijuana initiates
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