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Abstract
Given the declining trend in adolescent cigarette smoking and increase in general access to marijuana, it is important to examine
whether marijuana use in adolescence is a risk factor for subsequent cigarette smoking in late adolescence and early adulthood.
Preliminary evidence from a very small number of studies suggests that marijuana use during adolescence is associated with later
smoking; however, to control confounding, previously published studies used regression adjustment, which is susceptible to extrap-
olation when the confounder distributions differ between adolescent marijuana users and non-users. The current study uses propensity
score weighting, a causal inference method not previously used in this area of research, to weight participants based on their estimated
probability of exposure given confounders (the propensity score) to balance observed confounders between marijuana users and non-
users. The sample consists of participants of Add Health (a nationally representative dataset of youth followed into adulthood) who
were 16–18, with no history of daily cigarette smoking at baseline (n = 2928 for female and 2731 for male sub-samples). We assessed
the effect of adolescent marijuana use (exposure, ascertained at wave 1) on any daily cigarette smoking during the subsequent 13 years
(outcome, ascertained at wave 4). Analyses suggest that for females (but not males) who used marijuana in adolescence, marijuana use
increased the risk for subsequent daily smoking: OR= 1.71, 95% CI = (1.13, 2.59). We recommend that adolescent marijuana use be
viewed as a possible risk factor for subsequent initiation of daily cigarette smoking in women.
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Introduction

Despite significant public health achievements in reducing
cigarette smoking, smoking continues to be a leading cause
of preventable morbidity and mortality in the USA (US
Department of Health and Human Services 2014). Smoking
contributes to approximately 480,000 deaths in the USA each

year. Because adolescence is a vulnerable period for initiation
of cigarette smoking (US Department of Health and Human
Services 2012), the public health and tobacco control sectors
undertook a comprehensive set of actions in the 2000s to
discourage youth smoking, including the following: advertis-
ing and marketing restrictions; enforcement of minimum-age
purchasing requirements; school- and family-based preven-
tion programs; indoor smoking bans; and tax increases on
cigarettes (Farrelly et al. 2013; Kostova et al. 2010; Lantz
2000). These actions contributed to substantial declines in
adolescent smoking. Cigarette smoking was at its highest in
1976, when 39% of high school seniors reported past 30-day
smoking. The prevalence was only slightly lower by 1996
(34%), but declined to 11% by 2015, a historical low
(Johnston et al. 2016).

While cigarette smoking has drastically declined among
youth (e.g., Johnson et al. 2018), declines in smoking have
been more modest among adults (Jamal et al. 2016). From
2005 to 2015, the prevalence of cigarette smoking decreased
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by 47% (24–13%) among emerging adults (ages 18–24) and
by 26% (24%–18%) among early adults (ages 25–44). Eighty
percent of all adult smokers report that they began smoking
before age 18. Importantly, this means that 20% began
smoking during adulthood, signifying that adulthood may
have been overlooked as a critical period for initiation (U.S.
Department of Health and Human Services, Substance Abuse
and Mental Health Services Administration,, and Center for
Behavioral Health Statistics and Quality 2014). To guide
smoking prevention strategies, it is necessary to identify fac-
tors contributing to smoking initiation both in adolescence and
in early adulthood. In the present study, we investigate ado-
lescent marijuana use as a risk factor for cigarette smoking in
these periods. There are plausible mechanisms that explain
how marijuana use might lead to cigarette smoking, as well
as preliminary data to support an association.

Adolescent Marijuana Use and Subsequent Cigarette
Smoking

It is well-established that marijuana use and cigarette smoking
have substantial overlap in terms of lifetime use, concurrent
use, and co-use (Agrawal et al. 2011, 2012; Kristman-Valente
et al. 2017; Patton et al. 2005). Historically, most adolescents
initiate cigarette smoking prior to using other substances; this
pattern is the basis for the Bgateway theory.^However, chang-
es in the prevalence of use of cigarettes and marijuana have
given rise to a Breverse gateway^ sequence, meaning that
marijuana use may precede cigarette smoking (Agrawal
et al. 2011, 2012; Badiani et al. 2015; Brook et al. 2015;
Fairman et al. 2018; Humfleet and Haas 2004; Patton et al.
2005; Swift et al. 2012; Timberlake et al. 2007). As the life-
time prevalence of cigarette smoking among US high school
students declined from 2001 through 2013 (from 63.9 to
41.1%), marijuana use stayed relatively stable (from 42.4 to
40.7%). In fact, 2013 marks the first year that the lifetime use
prevalences were equivalent for cigarette smoking and mari-
juana use (Johnson et al. 2015). As the sequencing of initiation
of drugs changes, marijuana may be increasingly more likely
to be initiated before cigarette smoking.

There are several possible explanations for a marijuana-
then-cigarette sequence of use, with marijuana use starting in
adolescence and cigarette use occurring by early adulthood.
First, there are likely shared psychosocial and genetic factors
that increase risk for bothmarijuana use and cigarette smoking
(Agrawal et al. 2012), and the timing of onset of the two
behaviors could be simply idiosyncratic. Second, those with
a history of smoking marijuana may be habituated to the sen-
sation of inhaling combusted smoke, and so, the process of
initiating cigarette smoking is familiar and could be consid-
ered pleasurable (Agrawal et al. 2012; Agrawal and Lynskey
2009; Hu et al. 2006). Third, there may be important disin-
centives for using marijuana in adulthood given that it is a

controlled substance, such as concerns about being a respon-
sible parent or partner, or about drug testing at work.
Therefore, cigarettes may be preferable because of their legal
status. Based on these theoretical explanations, we expect that
adolescent marijuana use will emerge as an independent risk
factor for smoking that may continue into adulthood.

A small body of research examined the association between
adolescent marijuana use and subsequent cigarette smoking.
Several studies found positive associations: in an Australian co-
hort (n= 818), respondents who reported marijuana use (but not
cigarette smoking) in adolescence had an increased risk for ciga-
rette smoking initiation in adulthood (Patton et al. 2005). In aNew
York City cohort (n= 1332), respondents who used marijuana
from adolescence up to ages 28–30 were more likely to later
report tobacco dependence at ages 31–33 (Brook et al. 2015). In
a nationally representative US youth cohort (the Add Health
Study), Timberlake et al. (2007) found that adolescent marijuana
use was positively associated with both daily smoking and nico-
tine dependence in adulthood in a subset of older participants. A
couple of null findings have also been reported, which seem to
suffer from methodological limitations. Timberlake et al. did not
find the same associations for a younger group of participants;
however, it might be the case that this sub-sample was simply too
young (18–22 at follow-up) for the effect to accumulate sufficient-
ly to be seen. Mendel et al. (2012) reported no association be-
tween adolescent marijuana use and cigarette smoking in adult-
hood, but their models for smoking adjusted for variables that
may be mediators, so the null estimated association is likely to
be biased. Using a cross-lag structural equationmodel to examine
the influence of marijuana use and cigarette smoking on each
other over time (from age 13 to age 33) in a Seattle sample
(n= 808), Kristman-Valente et al. (2017) found some evidence
of cigarette smoking influencing subsequent marijuana use (but
not vice versa) during adolescence, but found evidence of mutual
influence in adulthood, with each behavior at 24 predicting the
other behavior at 27. Notably, none of these studies examined
sex-specific associations, despite the fact that there are sex differ-
ences in the determinants and prevalence of both cigarette
smoking and marijuana use across the lifecourse (Azofeifa et al.
2016; Jamal et al. 2016; Johnson et al. 2015). In summary, em-
pirical research suggests that marijuana use in adolescence may
be a risk factor for subsequent regular cigarette smoking, but the
evidence is limited.

Propensity Score Methods and Causal Inference

The relationship between adolescent marijuana use (exposure)
and subsequent daily smoking (outcome) is likely confounded
by many factors. Most of the above-mentioned studies, appro-
priately, adjusted for large sets of potential confounders, includ-
ing demographic variables such as age, sex, race, Hispanic eth-
nicity, and other psychosocial and contextual factors such as
depression, anxiety, anti-social behavior, substance use, parental
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marital status, and parental smoking. The method of adjustment
used in these studies was multiple regression, while a powerful
statistical tool, regression analysis is susceptible to a problem
called extrapolation, whereby individuals in one group are com-
pared to individuals in another group who are substantially dis-
similar. The risk of extrapolation is relevant in studying the
effect of adolescent marijuana use on cigarette smoking, because
adolescents who use marijuana are likely to be substantially
different from those who do not. Extrapolation from one group
to another can lead to effect estimates that are very sensitive to
the specific regression model used and rely on an assumption
that the regression model can accurately extrapolate from one
group to the other.

Causal inference methods that explicitly seek to improve
the similarity (also called balance) between exposed and un-
exposed groups with respect to the distribution of the potential
confounders limit extrapolation (Ho et al. 2007) and thus pro-
vide more accurate estimates of the causal effect of the expo-
sure on the outcome. A class of such methods are based on the
propensity score (PS), i.e., the probability of being exposed
given observed confounder values, estimated via a model for
the exposure with the confounders as predictors (Rosenbaum
and Rubin 1983; Stuart 2010). The PS has the property that
conditional on it, the distribution of the observed confounders
is similar between the exposed and the unexposed. This means
we can use the PS to improve balance on the confounders,
using one of several methods: weighting, matching, or sub-
classification based on the PS; the sample that has been
weighted/matched/subclassified to improve balance is then
used to estimate the causal effect of the exposure on the out-
come. These methods are more appropriate than standard re-
gression analysis when the exposed and the unexposed groups
(e.g., marijuana users and non-users) are dissimilar in pre-
exposure characteristics.

The other advantage of causal inference methods over re-
gression analysis is the explicit consideration of the target of
inference, i.e., the group for which the causal effect is estimat-
ed. The three common choices are as follows: (i) the full
sample (or the population represented by the full sample),
(ii) the exposed group (or those in the population that are
exposed), and (iii) the unexposed group (or those in the pop-
ulation that are unexposed). The first choice is relevant when
studying a natural exposure that could affect anyone in the
sample/population, or an intervention that there is policy in-
terest in administering to everyone. This is not a relevant op-
tion for our work because we cannot Badminister^ marijuana
use to all adolescents, and we anticipate that there may be
individuals or subgroups of the population that have little to
no chance of marijuana use. The second choice is arguably
more appropriate, which calls for the estimation of the effect
of marijuana use on marijuana users, i.e., how the outcome in
marijuana users, on average, is different from the outcomes
they would experience had they not used marijuana. This is

more generally called the average causal effect on the exposed
(or the average treatment effect on the treated if the exposure
is an intervention or treatment). The third type of effect, the
effect of marijuana use on non-users—had they used marijua-
na—is not of practical interest.

Current Study

The purpose of this study is to examine whether marijuana use
in adolescence increases risk of subsequently initiating daily
cigarette smoking (in late adolescence or in early adult-
hood)—for those who used marijuana in adolescence but
had never smoked cigarettes daily. This is an important re-
search question, because the loosening of restrictions on mar-
ijuana policy in concert with declining use of cigarettes in
adolescence could mean that, over time, adolescent marijuana
use may become an increasing relevant risk factor for cigarette
smoking in adulthood. We use the Add Health sample with
outcome data ascertained in Wave 4, i.e., longer follow-up
than was available to Timberlake et al. (2007). Given the
potential for strong confounding when examining the links
between marijuana use in adolescence and cigarette smoking
in adulthood (as marijuana users and nonusers are different in
many respects), we use propensity score (PS) weighting to
maximize balance between users and non-users on a wide
range of observed confounders and conduct a sensitivity anal-
ysis for unobserved confounding. These represent an advance
over existing work in this area.

Methods

Study Sample

Data are from the National Longitudinal Study of Adolescent to
Adult Health (Add Health), a nationally representative cohort
study based in the USA (Harris 2013). Respondents were re-
cruited during the 1994–1995 school year (wave 1) when they
were in grades 7–12 and last surveyed in 2007–2008 (wave 4).
A wide range of information was collected from respondents,
e.g., demographic and socioeconomic factors, health-related be-
haviors including substance use, and physical andmental health.

The Add Health sampling strategy consisted of a systematic
random sample of high schools and Bfeeder^ schools (i.e., middle
schools whose students matriculate into the selected high school).
A total of 134 schools participated (79% of those sampled). An
in-school survey was completed by 90,118 students, and 20,745
students participated in an additional, detailed in-home interview
(75.6 and 79.5% of eligible students, respectively). During the in-
home interview, 85% of students’ parents (usually the primary
female caregiver) were also interviewed (85%, n = 17,760)
(Harris 2009, 2013; Resnick et al. 1997). Three subsequent
follow-up interviews were conducted, including a wave 4 in-
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home interview in 2008–2009. For this study, we used data from
the wave 1 in-home interview (including parent survey) and the
wave 4 in-home interview.

We restricted the analysis sample to those respondents who
at wave 1 were aged 16–18 years (i.e., those who were past
their 16th but had not reached their 19th birthday) and had no
prior history of daily cigarette smoking. The restriction to no
prior daily cigarette smoking permitted us to evaluate the ef-
fect of marijuana use on the initiation of daily cigarette
smoking. The sample therefore included those without and
those with a smoking history but who had never smoked daily.
We included only those with data on exposure and outcome,
as recommended by White et al. (2011), who argues that im-
puting such variables only add noise. The analysis sample
included 2928 women and 2731 men.

Measures

The exposure variable was marijuana use at age 16–18 years
and was assessed at the wave 1 interview. We specified mar-
ijuana use as having smokedmarijuana at least once in the past
30 days AND having used marijuana three or more times in
one’s lifetime. This definition ensures that those in the mari-
juana user group were not adolescents who had used marijua-
na only a couple of times.We will refer to participants with the
exposure as Bmarijuana users^ and those without as Bnon-
users^.

The outcome variable was initiation of daily cigarette
smoking between wave 1 and wave 4 (when participants were
aged 29–31). We defined daily cigarette smoking as smoking
at least one cigarette every day for a 30-day period. This var-
iable was ascertained based on wave 4 reports of having ever
been a daily smoker. As the sample includes only those with
no daily smoking history at wave 1, we interpret such reports
to mean daily smoking was initiated after wave 1. Note that
initiation of daily smoking between wave 1 and wave 4 does
not necessarily indicate current smoking at wave 4.

Our analyses incorporated a range of covariates, i.e., base-
line (wave 1) variables that may confound the exposure-
outcome relationship. These include (1) participant character-
istics, specifically race, Hispanic ethnicity, age, cigarette
smoking history, current tobacco chewing, depressive symp-
toms, delinquency, history of school suspension, measures of
academic achievement; (3) parent/household characteristics,
including parent educational attainment, and whether there
was a cigarette smoker in the adolescent’s home; and (3) daily
smoking by best friends. These variables are described in de-
tail in Table 1.

Data Analysis

Data analysis was conducted separately for males and fe-
males. Themethod of analysis was PS weighting before fitting

a model to estimate the effect of the exposure on the outcome.
This was done after we addressed missing data by multiple
imputation. After the main analysis, we conducted a sensitiv-
ity analysis to assess how sensitive the estimated effect is to
unobserved confounding.

Missing Data Procedures There were missing data for both
males and females: math and English grades and vocabulary
test score (missing 11.3, 4.0, and 4.7%, respectively), parent
education level, and the presence of a cigarette smoker in the
home (missing 16.7 and 16.5%); other covariates were miss-
ing 0 to 1%. Given the richness of the covariates, we assumed
the data to be missing at random and implemented multiple
imputation by chained equations using the R package Bmice^
(van Buuren and Groothuis-Oudshoorn 2011), using linear
imputation models for continuous variables and logistic im-
putation models for categorical variables. Exposure and out-
come variables were included in the imputation procedure, as
recommended by White et al. (2011). Ten imputations were
created each for the male and female samples. The analysis
(i.e., PS weighting and weighted outcome modeling—see be-
low) was conducted on each imputed dataset, and estimates
were pooled using Rubin’s (1987) combining rules.

PS Weighting As the aim of the analysis is to estimate the
effect of marijuana use on the group of marijuana users (i.e.,
comparing the outcomes observed in marijuana users to the
outcomes we would expect to observe in that group had they
not used marijuana), we want to reweight the marijuana non-
users to look similar to marijuana users with respect to the
observed covariates. The idea is that after weighting, the out-
comes in the weighted non-users are similar to the outcomes
we would expect to see in the users had they not used mari-
juana. The weights used for this purpose are based on an
estimated PS model, here the model of marijuana use given
the covariates. To compute these weights, we used the R pack-
age Btwang^ (Ridgeway et al. 2015), which employs general-
ized boosted regression (a nonparametric modeling method)
to estimate the PS model. The twang package incorporates the
study’s sampling weights by multiplying them with PS
weights; we refer to the resulting weights as combined
weights. We checked whether the weighting (using the com-
bined weights) was successful in improving covariate balance
between marijuana users and non-users using each covariate’s
absolute standardized mean difference, defined as the differ-
ence in the variable’s means between the two groups divided
by its standard deviation among the marijuana users. Absolute
standardized mean differences larger than 0.2 are considered
large and undesirable due to the resulting extrapolation (Stuart
2010).

Outcome Model Estimation After PS Weighting We then fit a
model for the outcome in the reweighted sample. This is a
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logistic model that includes the exposure as well as the covar-
iates as predictors; this helps adjust for any residual imbalance
in these covariates. The regression coefficient of the exposure
variable from this model, exponentiated, is the odds ratio (OR)
of the outcome associated with marijuana use conditional on
the covariates. This model was fit using the R package
Bsurvey^ (Lumley 2004) to incorporate the study’s complex
design and the combined weights.

Sensitivity Analysis with a More Detailed Exposure Definition
Note that our definition of marijuana use is broad, inclusive of
users with varying frequency of use. For a sensitivity analysis,
we split the marijuana use group into frequent users (those
who used at least 4 days in the past 30 days) and infrequent
users (those who used less frequently). Using nonuse as the
comparison condition, we estimated the effect of frequent
marijuana use and infrequent marijuana use on subsequent
initiation of daily cigarette smoking for the frequent and in-
frequent users separately and compared results to the main
analysis.

Sensitivity Analysis for Unobserved Confounding
Interpretation of the conditional OR as the causal effect of
marijuana use relies on the assumption that conditional on
the covariates we adjust for, there are no unobserved con-
founders (Rosenbaum and Rubin 1983). Although we have
included many relevant covariates and thus are confident
about the estimates, the assumption of no unobserved con-
founding cannot be tested. We evaluated how sensitive the
estimated effect was to unobserved confounding, using the
method presented in VanderWeele and Arah (2011).
Unobserved confounding was represented conceptually as
due to a binary variable U that is independent of the observed
covariates and that influences both the exposure and the out-
come.We specifiedU’s associations with the exposure and the
outcome to be equal to the maximum of the observed covar-
iates’ conditional associations with the exposure and the out-
come, respectively. We varied the prevalence of U in the un-
exposed group to assess how the estimated effects of marijua-
na use changed.

Results

At wave 1, 12.0% of males and 7.1% of females reported
marijuana use. The prevalence of subsequent initiation of dai-
ly cigarette smoking was higher among those who used mar-
ijuana (47.1% of males, 46.9% of females) than among those
who did not (32.2% of males, 21.9% of females). Table 2
shows summary statistics for the baseline covariates, by gen-
der and exposure condition (these statistics were all survey-
weighted, so they represent the composition of the population
that the sample was drawn from). t tests (for continuous

Table 1 Description of the baseline covariates (wave 1) incorporated in
the analysis

Covariate Description

Race Race data were from five self-identified race
items on the survey: White, Black/African
American, Asian/Pacific Islander, American
Indian/Native American and Other race. For
the sample summary (see Results and
Table 2) and in the outcome model (see Data
Analysis), we used a six-category race vari-
able with the same five categories plus a
Bmulti-racial^ category for participants who
reported more than one racial identity. In the
PSweighting to balance covariates (see Data
Analysis), we used three binary variables to
represent race: two of the original binary
variables (White and Black/African
American) plus a third variable combining
Asian/Pacific Islander, American
Indian/Native American and Other. This
collapsing of these identities was less than
ideal but needed to avoid sparse data (due to
small numbers of marijuana users with these
identities) which make weighting challeng-
ing.

Hispanic ethnicity Binary variable.
Age Continuous age in years, i.e., (interview

date – birth date)/365.25
Cigarette smoking history Ordinal variable with four levels: never tried

smoking cigarettes; never smoked a whole
cigarette; smoked a whole cigarette for the
first time as a teenager (at age 13+); smoked
a whole cigarette for the first time before
teenage.

Tobacco chewing Binary variable indicating any tobacco chewing
in the past 30 days.

Depressive symptoms score Sum score on a modified version of the Center
for Epidemiology Studies Depression scale
(Radloff 1977). This version has 19 instead
of 20 items.

Delinquency score Mean of 15 items reporting involvement in
anti-social behavior, such as lying, stealing
or fighting, each item on a response scale
from 0 = never to 3 = five-or-more-times
(Cronbach’s alpha = 0.84) (Goodman and
Whitaker 2002).

History of school suspension Binary variable.
Average math grade Letters grades earned in subject during the past

school year, categorical variable: A, B, C,
D/F.

Average English grade Letters grades earned in subject during past
school year, categorical variable: A, B, C,
D/F.

Vocabulary Summary score from an abridged version of the
Peabody Picture Vocabulary Test—Revised
(Dunn and Dunn 1981).

Parental educational
attainment

Parent/caregiver education level (from parent
survey). The question included 10 levels.
The variable was coded to five categories:
less than highschool, high school
diploma/GED, attended vocational school,
attended college and completed college.

Smoker in home Binary variable indicating whether there is a
smoker in the home (parent survey).

Best friend(s) daily smoking Having at least one of three best friends who
smoked daily.
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variables) and chi-square tests (for categorical variables) show
that marijuana users and non-users differed significantly on
many of the covariates, including smoking history, current
tobacco chewing, delinquency score, school suspension histo-
ry, academic achievement, presence of a smoker in the home,
and friends’ smoking behavior.

Figure 1 shows how PS weighting improved covariate bal-
ance between marijuana users and non-users across the imput-
ed datasets. For both males and females, there was substantial
covariate imbalance before PS weighting, especially with re-
spect to smoking history, tobacco chewing, delinquency,
school suspension, grades, parent educational attainment,

Table 2 Means (SDs) and
proportions of covariates, by
exposure condition, stratified on
sex

Females Males

Used marijuana p
value

Used marijuana p
value

Yes
(n = 213)

No
(n = 2715)

Yes
(n = 322)

No
(n = 2409)

Percenta Percenta Percenta Percenta

Race .98 .001
White 61.8 63.8 61.9 65.1
Black 21.0 20.4 19.2 19.0
Asian 3.6 4.0 1.6 4.4
Native American 1.4 0.9 2.8 0.3
Multi-race 4.0 3.7 4.3 3.3
Other 8.1 7.0 7.5 10.7

Hispanic ethnicity 13.6 14.5 .90 13.4 13.0 .88
Age in years, mean (SD) 17.4 (.8) 17.4 (.8) .56 17.5 (.8) 17.4 (.8) .03
Cigarette smoking history < .001 < .001

Never tried a cigarette 17.2 52.7 23.1 50.7
Never smoked a whole
cig.

14.6 17.3 14.4 17.3

1st whole cig. in teenage 59.3 24.8 45.3 22.3
1st whole cig. before
teenage

8.9 5.0 16.7 8.0

Chewing tobacco 4.0 2.2 .34 19.1 10.5 .001
Depression score, mean

(SD)
17.1 (6.6) 16.0 (5.4) .08 15.6 (5.2) 14.6 (4.6) .03

Delinquency index, mean
(SD)

5.99 (5.39) 2.40 (2.96) < .001 8.67 (7.25) 3.46 (4.05) < .001

History of school suspension 26.4 15.2 .01 55.4 29.0 < .001
Average math grade < .001 < .001

A 14.5 25.2 9.2 24.4
B 21.4 29.6 26.9 28.6
C 22.8 22.8 24.7 21.9
D/F 23.1 9.7 19.2 14.2

Average English grade .02 < .001
A 26.2 37.0 13.2 24.5
B 35.0 36.4 27.9 38.0
C 23.3 15.4 33.8 23.2
D/F 9.3 4.4 16.7 9.4

Vocabulary test, mean (SD) 101 (12) 101 (16) .89 102 (14) 103 (15) .51
Parent educational

attainment
.45 .57

Less than high school 8.3 14.8 10.6 13.6
High school
diploma/GED

28.8 28.3 27.9 23.9

Attended vocational
school

11.1 7.9 7.8 9.6

Attended college 14.2 15.1 14.5 15.4
Completed college 20.8 18.5 20.6 22.6

Smoker in home 42.3 32.5 .06 41.0 33.2 .01
Best friend(s) smoking daily 64.3 36.3 < .001 70.7 38.9 < .001

SD = standard deviation
a Proportions, means, and SDs were all conditional on the column (e.g., among female marijuana users) and
estimated using survey weights

p values are from t tests for continuous variables and chi-square tests for categorical variables
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presence of a smoker in the household, and daily smoking by
best friends. After PS weighting, balance was improved on all
covariates, as shown in smaller absolute standardized mean
differences. In three female and four male imputed datasets,
the post-PS-weighting absolute standardized mean difference
for delinquency was slightly larger than 0.2; yet, this was a
substantial improvement from the pre-PS-weighting value of
about 0.7.

After PS weighting, the prevalence of daily cigarette
smoking by wave 4 among marijuana non-users was 41.9%

for males and 34.3% for females. These are substantially clos-
er to the prevalence observed among marijuana users. The
outcome model, fit to the reweighted data, estimated that for
female adolescent marijuana users, marijuana use increased
the odds of subsequent initiation of daily cigarette smoking
by 1.71 times [95% CI = (1.13, 2.59)]. For male adolescent
marijuana users, the estimated effect was modest and not sta-
tistically significant [OR = 1.13, 95% CI = (0.73, 1.76)].

Results from the sensitivity analysis with the split exposure
groups are consistent with results from the main analysis.

252 Prev Sci (2019) 20:246–256

Best friends daily smoking
Cigarette smoker in home
Parent education: college or more
Parent education: some college
Parent education: vocational school
Parent education: high school/equivalent
Parent education: less than high school
Vocabulary test score
English grade: D/F
English grade: C
English grade: B
English grade: A
Math grade: D/F
Math grade: C
Math grade: B
Math grade: A
Prior school suspension
Delinquency index
Depression scale score
Current tobacco chewing
Smoking history: 1st whole cig. in teenage
Smoking history: 1st whole cig. before teenage
Smoking history: never smoked a whole cig.
Smoking history: never tried a cigarette
Age
Hispanic ethnicity
Other race identity
Black
White

0.0 0.2 0.4 0.6 0.8 1.0

Absolute Standardized Mean Difference

0.10 0.25

before PS-weighting
after PS-weighting

Best friends daily smoking
Cigarette smoker in home
Parent education: college or more
Parent education: some college
Parent education: vocational school
Parent education: high school/equivalent
Parent education: less than high school
Vocabulary test score
English grade: D/F
English grade: C
English grade: B
English grade: A
Math grade: D/F
Math grade: C
Math grade: B
Math grade: A
Prior school suspension
Delinquency index
Depression scale score
Current tobacco chewing
Smoking history: 1st whole cig. in teenage
Smoking history: 1st whole cig. before teenage
Smoking history: never smoked a whole cig.
Smoking history: never tried a cigarette
Age
Hispanic ethnicity
Other race identity
Black
White

0.0 0.2 0.4 0.6 0.8 1.0

Males

0.10 0.25

before PS-weighting
after PS-weighting

Absolute Standardized Mean Difference

Fig. 1 Covariate balance before and after propensity score (PS) weighting across the 10 imputed datasets for each sample



Among females, OR = 2.29, 95% CI = (1.06, 4.93), for fre-
quent marijuana users, and OR = 1.69, 95% CI = (1.03,
2.77), for infrequent users. Among males, OR = 1.12, 95%
CI = (0.69, 1.83), for frequent users, and OR = 1.20, 95%
CI = (0.68, 2.12), for infrequent users. The confidence inter-
vals, as expected, are larger due to the smaller sizes of the
exposure groups (89 female and 177 male frequent users and
124 female and 145 male infrequent users).

To assess how sensitive the estimated effect for female
marijuana users is to potential unobserved confounding, we
first examined the conditional associations of the baseline co-
variates with exposure and outcome. We found that never-
having-tried-a-whole-cigarette (prevalence 31.8% among fe-
male marijuana users) was most strongly associated with both
the exposure (OR = 0.344) and the outcome (OR = 0.388);
this was not surprising as smoking history was expected to
be an important confounder. If we assume that an unobserved
confounder U had associations with the exposure and out-
come of equal strengths to these, with prevalence between
10 and 50% among non-users, then the effect of marijuana
use on subsequent daily cigarette smoking varies accordingly
as depicted in Fig. 2, which shows that the estimated effect is
relatively robust.

Discussion

The prevalence of adolescent cigarette smoking has declined
substantially over the past 20 years, while adult smoking has
declined at a much slower pace. It is therefore important to
look at additional factors—beyond adolescent smoking—that
contribute to smoking in adulthood. Adolescent marijuana use
is one such factor. We examined the effect of adolescent mar-
ijuana use on the risk of subsequently becoming a daily ciga-
rette smoker (over late adolescence and early adulthood)

among a nationally representative sample. We used PS-
weighting analysis, a method that improves the balance be-
tween the exposed and unexposed groups with respect to ob-
served confounders (an improvement over standard regression
analysis), which is a more rigorous approach than previous
studies.

Our findings show that females who used marijuana in
adolescence (but had no prior history of daily cigarette
smoking) had an increased risk of initiation of daily smoking
by age 29–31 [OR = 1.71, 95% CI = (1.13, 2.59)], a result that
is robust to unobserved confounding. Among males, the esti-
mated effect was smaller and not statistically significant
[OR = 1.13, 95% CI = (0.73, 1.76)]. While we did not statis-
tically test a hypothesis regarding differences by sex (which
would require combined modeling rather than our separate
analyses), these different findings are interesting and highlight
the importance of stratifying on sex when examining the link
between marijuana use and cigarette smoking. It is unclear
why we observed an association between adolescent marijua-
na use and later daily smoking among women, but not men.
One possibility is that the marijuana use and cigarette smoking
may serve different functions for women compared to men
which differentially affects the transition from the regular
use of one substance to the other. Tobacco research has found
that women are more likely than men to smoke in response to
negative feelings or stress (US Department of Health and
Human Services 2002). It is possible that some female ado-
lescents were using marijuana to handle stress, and as they
became young adults, they were more likely than their male
peers (who also usedmarijuana in adolescence) to transition to
using cigarettes to deal with stress. Another possibility is a
conjecture based on the theory that as adolescent marijuana
users become adults, they may use cigarettes as a substitution
for marijuana because cigarettes become more accessible—
not only physically but also socially and legally—while mar-
ijuana becomes less so; and that this may be reinforced by
adult role-related concerns, e.g., about being a responsible
parent or partner or about drug testing at work. As women
on average marry earlier than men, their earlier involvement
in partner, spouse, and parent roles may be a factor encourag-
ing a transition from an illicit to a licit substance.

Finally, there is a third reason that might explain this find-
ing. In this cohort, adolescent marijuana use was assessed in
1994–1995, when rates of both marijuana and cigarette use
were substantially lower among women and girls than among
men and boys. Marijuana use was uncommon among girls;
thus, the girls who used marijuana in this sample may have
been more inclined to go against the norm and may be more
likely to be smokers in adulthood. This is a theory about un-
observed confounding, i.e., even though we tried to create a
weighted comparison group of non-users who were similar to
the female marijuana users with respect to the observed co-
variates (demographic variables, psychosocial variables such
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as delinquency, depressive symptoms, school suspension, ac-
ademic achievements, as well as smoking history and parent
education and smoking status), the two groups may still have
been different in some important confounders leading to dif-
ferential rates of both exposure and outcome. While the ob-
served delinquency measure is a measure of behavior against
the norm, there could potentially be differential measurement
error, where those with higher true values (more common
among marijuana users than non-users) might have been like-
ly to under-report them. Also, the covariates do not capture
non-delinquent types of departure from the norms (e.g., being
creative and artistic), which might be associated with sub-
stance use. While we cannot rule out unobserved confound-
ing, the sensitivity analysis we conducted suggests that the
effect for female adolescent marijuana users is robust to this
problem.

Study LimitationsWe highlight two particular limitations. The
first one is the lack of a measure of smoking frequency among
study participants who smoked. While the study sample was
restricted to those without a daily smoking history, we expect
variation with respect to smoking history. Our smoking histo-
ry variable, however, only provides differentiation at the low
end of the spectrum (never having tried a cigarette, having
tried but not smoked a whole cigarette, and having smoked a
whole cigarette) but not at the high end of the spectrum (e.g.,
smoking only occasionally vs. near daily smoking). This
means smoking frequency among those who smoked (albeit
less than daily) was an unmeasured confounder. While we
could not adjust for this variable directly, the inclusion of a
broad range of covariates in the analysis (tobacco chewing,
smoking by friends and family, and various psychosocial, be-
havioral and academic measures) is likely to help partially
adjust for it, because these variables are likely correlated with
smoking frequency. With the female sample where a positive
effect of adolescent marijuana use on subsequent daily
smoking initiation was found, we conducted a sensitivity for
unobserved confounding. This sensitivity analysis found that
the estimated effect is quite robust to unobserved confound-
ing, which lessened our concern about this unmeasured
confounder.

The second limitation is the dated nature of the data. This
study’s respondents, who were 16–18 in 1994–1995 and 29–
31 in 2008, were likely very different from today’s youth. We
opted to use this sample because Add Health is one of the only
large nationally representative samples of adolescents with
comprehensive information about behavioral health, and
therefore, one of the few studies available to examine our
research questions. Also, studying long-term outcomes, such
as initiation of daily smoking through late adolescence into
adulthood, also requires a long follow-up period, meaning that
the measurement of marijuana exposure in adolescence has to
go back years in the past. This is a general challenge of the

study of any long-term behavior process. Yet extrapolation
from the study’s finding to the present—how adolescent mar-
ijuana smoking today may affect cigarette smoking in the
future—requires careful consideration of how the context
has changed and is still changing. Two theories mentioned
earlier about the transition from marijuana use to tobacco
use were as follows: (1) through marijuana smoking, people
get used to inhaling smoke, which makes cigarette smoking
easier, which leads some people to smoking cigarettes and
becoming dependent; and (2) when adolescent marijuana
users become adults, they may smoke cigarettes as a substitu-
tion for marijuana because cigarettes become more accessible
while marijuana is illegal and less accessible. The first theory
is a biological mechanism that is likely to continue to operate
the same way now as in the past 20 years. Given the current
historical low prevalence of adolescent cigarette smoking
(Johnston et al. 2016), however, its effect may be amplified,
and if this is the main mechanism, marijuana use may be an
increasingly important pathway to tobacco addiction. The sec-
ond theory, on the other hand, may become less and less rel-
evant over time, as with increasing access to and decriminal-
ization of marijuana, the push to substitute marijuana (with
tobacco cigarettes) should decrease. Also, now that cigarette
smoking is stigmatized and de-normalized, the pull towards it
is likely weaker than before. In addition, both theoretical path-
ways hold only if smoking continues to be the dominant mode
of consumption for marijuana. Although youth are increasing-
ly using a diverse set of modes of consumption, the best evi-
dence indicates that 95% of marijuana users smoke marijuana
(Johnson et al. 2016). Finally, it is perhaps most important to
note that given the limitations of the data, this study does not
claim to provide the final answer on whether adolescent mar-
ijuana use changes the risk of subsequent initiation of daily
cigarette smoking. We recommend that this analysis be con-
ducted on multiple longitudinal datasets that follow partici-
pants from adolescence through early adulthood, and be re-
peated as more recent data become available. We also recom-
mend that as more evidence accumulates over time, the results
be interpreted in their entirety, taking into account social and
legal changes that are relevant to the use of marijuana and
tobacco.

Conclusion This study highlights the need for research, both
quantitative and qualitative, to understand marijuana-to-
tobacco transition processes and how they change over time.
This is crucial for the development of relevant and timely
policies and interventions to protect and further the gains in
tobacco control. Until a better understanding of these process-
es is achieved, given the possibility that marijuana may be an
increasingly important pathway to tobacco use, we recom-
mend that (1) tobacco control surveillance systems should
routinely include marijuana use; (2) the tobacco control com-
munity would benefit from deeper integration and

254 Prev Sci (2019) 20:246–256



collaboration/co-operation with public health colleagues
working to address marijuana use; and (3) smoking prevention
interventions could increase scope to include marijuana use.
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