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The prevalence of substance use disorders in adults is higher if substance use is initiated during adolescence,
underscoring the importance of youth substance use prevention. We examined whether the use of one substance
by adolescents is associated with increased risk for using any other substance, regardless of use sequences. In
2017 we examined data from 17,000 youth aged 12–17 who participated in the 2014 National Survey on Drug
Use and Health, a sample of nationally representative data on substance use among the U.S. civilian, noninstitutionalized population aged 12 or older. Descriptive analyses and multivariable logistic regression models
were applied. After controlling for age, sex, and race/ethnicity, compared with youth without past-month
marijuana use, youth with past-month marijuana use were 8.9 times more likely to report past-month cigarette
use, 5.6, 7.9 and 15.8 times more likely to report past-month alcohol use, binge use, or heavy use (respectively),
and 9.9 times more likely to report past-month use of other illicit drugs. The prevalence of past-month use of
cigarettes, marijuana, and other illicit drugs was signiﬁcantly higher among past-month alcohol users compared
with youth without past-month alcohol use, and increased as intensity of alcohol use rose. Among past-month
cigarette smokers, the prevalence of marijuana, other illicit drugs, and alcohol use were each signiﬁcantly higher
than youth without past-month cigarette use. Youth marijuana use, cigarette smoking, or alcohol consumption is
associated with other substance use. This ﬁnding has importance for youth prevention, supporting a message no
use by youth of any substance.

1. Introduction
The medicalization, legalization, and normalization of marijuana
use has invigorated a debate on whether this substantial legal and social
transformation will signiﬁcantly modify current patterns of marijuana
use and other potentially hazardous substances, especially among youth
(D'Amico et al., 2015; Hall et al., 2016). Concurrent with these social
and legal changes, scientiﬁc evidence is accumulating that initiation of
marijuana, alcohol, and cigarette smoking during adolescence
heightens susceptibility to addiction and other adverse consequences
(Degenhardt et al., 2016; Jordan & Andersen, 2017; Khokhar et al.,
2018; Meruelo et al., 2017; Tice, 2013). The heightened vulnerability of
youth to addiction, other adverse consequences, and the lamentable rise
in opioid use disorders and death (Madras, 2017) provide a compelling
rationale to prevent youth substance use nationally as a public health
priority. Research has examined many risk and protective factors for
initiation and escalation to compulsive use. Eﬀective prevention may be

⁎

optimized by addressing all substance use rather than focusing on individual substances.
As marijuana availability has risen with increasing legal and social
acceptance, it becomes a public health imperative to examine factors
that increase marijuana use including the alcohol and tobacco (nicotine) as well as other illegal for youth. More than 40 years ago, Kandel
and Faust (Kandel & Faust, 1975) investigated adolescent involvement
in drug use based on random and sequential sampling of students in
New York State middle and high schools. Of over 8000 students surveyed, they reported that students who smoked cigarettes and drank
alcohol rapidly progressed to marijuana use within 5–6 months, but of
those who had not initiated use of tobacco or alcohol, fewer than one
tenth as many had used marijuana. Progression to using other illicit
drugs was much higher among marijuana users than non-marijuana
users. A similar conclusion was drawn from the National Longitudinal
Study of Adolescent Health report, based on a large comprehensive
survey of adolescents in the United States (Moss et al., 2014). This
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2.3. Statistical analyses

survey examined the U.S. prevalence of various patterns of early adolescent (prior to age 16) use of alcohol, cigarettes, and marijuana. It
concluded that early onset of use of alcohol, marijuana and cigarettes
combined was more common than initiation of individual substances in
early adolescence. A recent study examining prevalence of adolescent
marijuana use by groups separated by their use of cigarettes, binge
alcohol use and neither substance (Miech et al., 2017) provided additional evidence for the link between use of substances (Chadi & Levy,
2017).
The generalized risk factor for initiation of substance use, based
partially on international surveys, has gained traction in recent years
(Degenhardt et al., 2009; Fergusson et al., 2006; Huizink et al., 2010;
Mackesy-Amiti et al., 1997; Vanyukov et al., 2012). According to this
interpretation, early onset of any drug use is attributable to common
liabilities, with the sequence of speciﬁc drugs used inﬂuenced by individual traits, local culture, and availability (Palmer et al., 2012).
Regardless of which model is sustained with ongoing epidemiological
or biological study, patterns of drug use are inﬂuential in shaping
prevention strategies targeting youth.
The present study examined recent patterns of substance use among
12–17 year-old adolescents from the nationally representative survey
data on substance use. We speciﬁcally examined whether among youth,
use of one substance is associated with increased risk for using any
other substance, and conversely, whether the non-use of one substance
is associated with decreased risk for using other substances. Our population-based approach, which examined generalized risk for substance use among the most vulnerable cohort of substance users, youth
aged 12–17, can inform current national public health youth prevention
eﬀorts.

Analyses were conducted in four stages. First, descriptive analyses
were conducted to estimate the prevalence of past-month and lifetime
use of marijuana, illicit drugs other than marijuana, alcohol, and cigarettes among youths. Second, multivariable logistic regression
models were applied to estimate age, sex, and race/ethnicity adjusted
prevalence of past-month and lifetime use of (a) cigarettes, alcohol, and
illicit drugs among youth by marijuana use status; (b) marijuana, other
illicit drugs, and cigarettes among youth by level of alcohol use; and (c)
marijuana, other illicit drugs and alcohol use among youth by status of
cigarette use. It is important to adjust for age, sex, and race/ethnicity
because the prevalence of substance use among youth varies by these
factors. This study used SUDAAN (Research Triangle Institute, 2015) to
account for the complex sample design and sampling weights of the
NSDUH.
3. Results
3.1. Unadjusted prevalence of past-month and lifetime substance use
Based on the sampled 17,000 youth aged 12–17 years from the 2014
NSDUH data, we estimated that among youth in the U.S., the unadjusted prevalence of past-month use of marijuana, cigarettes, alcohol,
or illicit drugs other than marijuana was 7.4%, 4.9%, 11.5%, or 2.6%,
respectively. The unadjusted prevalence of lifetime use of marijuana,
cigarettes, alcohol, or illicit drugs other than marijuana was 16.4%,
14.2%, 29.6%, or 13.4%, respectively.
3.2. Associations between marijuana use and use of other substances

2. Methods
Youth who used marijuana in the past month were much more likely
to use cigarettes and alcohol, to binge drink, to drink heavily and use
other illicit drugs compared to youth who did not use marijuana in the
past month (Table 1). After adjusting for age, sex, and race/ethnicity,
compared to their peers who reported not using marijuana, past month
marijuana users were 8.9 times more likely to report past-month cigarette use (23.6% vs. 2.7%); 5.6 times more likely to report alcohol use
(44.6% vs. 8.0%); 7.9 times more likely to report binge alcohol use
(27.5% vs. 3.5%); 15.8 times more likely to report heavy alcohol use
(5.9% vs. 0.4%); 9.9 times more likely to report illicit drug other than
marijuana use (21.7% vs. 2.2%). Youth who never used marijuana in
their lifetime reported far lower lifetime rates of cigarette, alcohol and
non-marijuana illicit drug use (Table 1).
Associations between alcohol use and use of tobacco, marijuana,
other illicit drugs
Youth who used alcohol in the past month were much more likely to
use cigarettes, marijuana, and other illicit drugs than youth who chose
not to use alcohol in the past month (Table 2). As the intensity of alcohol use increased, the prevalence of tobacco, marijuana and other
illicit drug use increased in tandem with highest use recorded in heavy
alcohol users. After adjusting for age, sex, and race/ethnicity, compared
to youth who reported no past-month alcohol use, youth with pastmonth alcohol use but without past-month binge or heavy alcohol use
were 5.8 times more likely to report past-month marijuana use (20.0%
vs. 3.5%); 4.8 times more likely to report past-month illicit drug use
other than marijuana (10.5% vs. 2.2%); and 3.8 times more likely to
report past-month cigarette use (9.4% vs. 2.5%). By contrast, compared
to youth who reported no past-month alcohol use, youth with pastmonth binge alcohol use but without heavy alcohol use were: 9.9 times
more likely to report past-month marijuana use (34.3% vs. 3.5%); 7.6
times more likely to report past-month illicit drug use other than
marijuana (16.4% vs. 2.2%); and 8.1 times more likely to report pastmonth cigarette use (20.4% vs. 2.5%). Furthermore, compared to youth
who reported no past-month alcohol use, youth with past-month heavy
alcohol use were: 15.7 times more likely to report past-month

2.1. Data source
We examined data from youth aged 12–17 who participated in the
2014 National Survey on Drug Use and Health (NSDUH), conducted by
the Substance Abuse and Mental Health Services Administration
(SAMHSA). NSDUH provides nationally representative data on substance use among the U.S. civilian, noninstitutionalized population
aged 12 or older. The NSDUH data collection protocol was approved by
the Institutional Review Board at RTI International. Data are collected
by interviewers during in-person visits to households and non-institutional group quarters. The interview averages about an hour. Audio
computer-assisted self-administered interviewing is used, providing
respondents with a private, conﬁdential way to record answers.
Excluded from the surveys are persons without a household address
(e.g., homeless persons not living in shelters, prisoners), active-duty
military, and institutional residents. The annual weighted response rate
of the 2014 NSDUH was 58.3%. Details regarding NSDUH methods are
provided elsewhere.
2.2. Measures
The 2014 NSDUH collected data on past-month (prior to survey
interview) and lifetime use of tobacco, alcohol, marijuana, and nonmarijuana illicit drugs (e.g., cocaine, hallucinogens, heroin, and inhalants and nonmedical use of prescription pain relievers, sedatives,
and stimulants) among all respondents. Patterns of alcohol use were
questioned in greater depth as NSDUH collected past-month binge alcohol use (drinking ﬁve or more drinks on the same occasion (i.e., at the
same time or within a couple of hours of each other) on at least 1 day in
the past 30 days) and heavy alcohol use (drinking 5 or more drinks on
the same occasion on each of 5 or more days in the past 30 days) among
all respondents. In addition, NSDUH collected sociodemographic
characteristics, such as age, sex, and race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, or non-Hispanic other).
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1.0
8.4 (7.57–9.30)
5.9 (0.26)
49.6 (1.37)
Among never marijuana users+
Among lifetime marijuana users

ARR
(95% CI)
Lifetime adjusted prevalence

Data source: the 2014 National Survey on Drug Use and Health, CBHSQ, SAMHSA.
a
SAMHSA requires that any description of overall sample sizes based on the restricted-use data ﬁles has to be rounded to the nearest 100 to minimize potential disclosure risk. AP = age, sex, and race/ethnicity
adjusted prevalence; SE = standard error; ARR = adjusted risk ratio; CI = conﬁdence interval.

1.0
3.5 (3.32–3.70)
20.8 (0.42)
73.0 (1.26)
8.2 (0.30)
39.0 (1.28)

1.0
4.8 (4.29–5.26)

ARR
(95% CI)
AP
(SE)
ARR
(95% CI)
AP
(SE)
AP
(SE)

Alcohol use
Illicit drug other than marijuana use

15.8 (10.26–24.28)
5.9 (0.71)
27.5 (1.52)
5.6 (5.05–6.15)
44.6 (1.65)
8.9 (7.43–10.54)
23.6 (1.47)

21.7 (1.85)

9.9 (7.99–12.30)

Cigarette use

1.0
0.4 (0.06)
1.0
3.5 (0.19)
1.0

Among those who did not use marijuana
in the past month+
Among past-month marijuana users

2.7 (0.16)

2.2 (0.14)

1.0

8.0 (0.28)

1.0

7.9 (6.78–9.31)

ARR (95% CI)
AP (SE)
ARR (95% CI)
ARR (95% CI)

ARR (95% CI)
AP (SE)
AP (SE)

AP (SE)

ARR (95% CI)

AP (SE)

Heavy alcohol use
Binge alcohol use
Alcohol use
Illicit drug other than marijuana
use
Cigarette use
Past-month adjusted prevalence

Table 1
Age, sex, and race/ethnicity adjusted past-month and lifetime prevalence of cigarette, alcohol, and illicit drug other than marijuana use among youth aged 12–17, by marijuana use status (n = 17,000a).
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marijuana use (54.0% vs. 3.5%); 16.8 times more likely to report pastmonth illicit drug use other than marijuana (36.2% vs. 2.2%); and 13.4
times more likely to report past-month cigarette use (33.5% vs. 2.5%).
Similarly, youth who reported lifetime alcohol use report higher rates
of marijuana, other illicit drug and cigarette use than their peers who
have never used alcohol (Table 2).
3.3. Associations between tobacco use and use of alcohol, marijuana, other
illicit drugs
The adjusted prevalence of marijuana, other illicit drug, and alcohol
use was higher among youth who smoked cigarettes compared to youth
who reported not using cigarettes (Table 3). After adjusting for age, sex,
and race/ethnicity, past-month cigarette smokers were 7.0 times more
likely to report marijuana use in the past month (36.8% vs. 5.3%); 7.7
times more likely to report other illicit drug use (20.7% vs. 2.7%); 4.2
times more likely to report alcohol use (39.7% vs.9.5%); 6.1 times more
likely to report binge alcohol use (26.7% vs. 4.4%); and 10.4 times
more likely to report heavy alcohol use (5.8% vs. 0.6%). Adjusted
lifetime marijuana, other illicit drug, and alcohol use were all greater
among youth who report lifetime cigarette use (Table 3). After controlling for age, sex, and race/ethnicity, 54.8% of lifetime cigarette
smokers reported lifetime alcohol use, and 68.6% reported lifetime
marijuana use compared to 22.9% and 8.7% of their never-smoking
peers.
4. Discussion
All nonmedical drug use is illegal for youth under age 18 in the
United States. Our results suggest that the decision to abstain from any
drugs is associated with a lower risk of the use of all other drugs. A
steadily growing percentage of American youth are refraining from any
alcohol, cigarette, marijuana and other drug use, demonstrating that a
youth prevention goal of “no use” is indeed attainable (Levy et al.,
1975–2014; Han et al., 2017). Yet use of substances among 12–17 yearolds (Substance Abuse and Mental Health Services Administration
(SAMHSA), 2015) is substantial and persistent, even though regulatory
oversight prohibits use of alcohol, tobacco, marijuana by minors, and
abundant evidence shows that initiation of substance use at an earlier
age heightens susceptibilities to substance use disorders and other adverse consequences. Many youth prevention messages are speciﬁcally
focused on individual substances (e.g., cigarettes/tobacco or alcohol),
particular risks for substance use (e.g., driving after drinking) and
speciﬁc amounts of use (e.g., binge drinking), all of which, while important, are part of a larger pattern of youth substance use. As valuable
as these prevention eﬀorts are, our ﬁndings suggest their eﬀectiveness
as public health and prevention strategies may be ampliﬁed if linked to
eﬀorts to reduce all other youth drug use. For example, a strong predictor of earlier future substance use disorders is early initiation age of
use of a substance (Chen et al., 2009; Keyes et al., 2016; Windle &
Windle, 2012), including substance-speciﬁc use of alcohol (Brook et al.,
2002; DeWit et al., 2000; Grant & Dawson, 1997), nicotine (Breslau
et al., 1993; Hu et al., 2012), and marijuana (Chen et al., 2005;
Ellickson et al., 2004). Importantly, polysubstance use with progression
to a use disorder is far more common than use of a single substance and
progression to problematic use (Moss et al., 2014; Vanyukov et al.,
2012; Han et al., 2017; Sartor et al., 2014).
First drug use does not come out of nowhere (Hawkins et al., 1992).
It has many meaningful and complex antecedents and current factors,
as has been productively studied for decades. Our main point, in contrast is simple: the crucial step for youth is the decision to use any of the
widely available “recreational” drugs. That single objective step greatly
increases the likelihood of the use of other drugs, regardless of sequence. Sequence conceivably can be driven by social norms, availability, and/or price. From these data, we cannot conclude that the use
of an initial drug primes the brain to drive use of other drugs, that
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Data source: the 2014 National Survey on Drug Use and Health, CBHSQ, SAMHSA.
a
SAMHSA requires that any description of overall sample sizes based on the restricted-use data ﬁles has to be rounded to the nearest 100 to minimize potential disclosure risk. AP = age, sex, and race/ethnicity
adjusted prevalence; SE = standard error; ARR = adjusted risk ratio; CI = conﬁdence interval.

1.0
7.1 (6.21–8.14)
4.5 (0.26)
32.0 (0.97)
1.0
4.8 (4.31–5.33)
6.3 (0.27)
30.4 (0.97)
1.0
8.5 (7.41–9.66)
4.4 (0.27)
37.6 (0.91)
Among never alcohol users+
Among lifetime alcohol users

AP (SE)
AP (SE)
AP (SE)

Lifetime adjusted prevalence

ARR (95% CI)

Illicit drug other than marijuana use
Marijuana use

ARR (95% CI)

Cigarette use

ARR (95% CI)

13.4 (10.12–17.69)
33.5 (4.07)
16.8 (12.23–23.18)
15.7 (12.67–19.37)
54.0 (4.79)

36.2 (5.33)

8.1 (6.58–10.03)
20.4 (1.66)
7.6 (5.81–10.00)
9.9 (8.39–11.76)
34.3 (2.14)

16.4 (1.94)

1.0
3.8 (2.87–4.92)
2.5 (0.16)
9.4 (1.11)
1.0
4.8 (3.51–6.73)
2.2 (0.14)
10.5 (1.57)
1.0
5.8 (4.83–6.98)
3.5 (0.19)
20.0 (1.51)

Among youth without past-month alcohol use+
Among past-month alcohol users without binge or heavy alcohol
use
Among past-month binge alcohol users, but not heavy alcohol
users
Among past-month heavy alcohol users

ARR (95% CI)
AP (SE)
ARR (95% CI)
AP (SE)
ARR (95% CI)
AP (SE)

Cigarette use
Illicit drug other than marijuana use
Marijuana use
Past-month adjusted prevalence

Table 2
Age, sex, and race/ethnicity adjusted past-month and lifetime prevalence of marijuana, illicit drug other than marijuana use, and cigarette use among youth aged 12–17, by level of alcohol use (n = 17,000a).

R.L. DuPont et al.

initiation of “one drug” or “another drug” is the biological trigger. From
these data we see that alcohol, cigarettes and marijuana are the three
gateway drugs to other drugs for American youth. This conclusion
builds on the work of Kandel (Kandel & Faust, 1975) and Palmer
(Palmer et al., 2012) that explored initiation of single drug use as a link
to progressive use of other unique drugs. Our data show that the risk of
other drug use is elevated with any youth drug use, and is not speciﬁc to
either the ﬁrst drug used or the second or the third.
Our nationally representative data show unequivocally, that use of
marijuana, alcohol, or cigarettes during early to middle adolescence, is
associated with far higher rates of use of the remaining two drug categories, and of other illicit drugs. These ﬁndings have signiﬁcant implications for future prevention, public health policies, and programs.
Contrary to the idea that underage alcohol use is an innocuous rite of
passage (Schwartz et al., 1999), alcohol use is associated with greater
likelihood of using other substances, each of which poses unique risks
to health, mental health, educational achievement, and social function.
Among past-month alcohol users without binge or heavy alcohol
use, 20.0% used marijuana in the past month, 10.5% used cigarettes,
and 9.4% used non-marijuana illicit drugs. The corresponding rates for
youth without past-month alcohol use were far lower and ranged from
2.5% to 3.5%. Binge or heavy alcohol use did not preclude or substitute
for use of other drugs, as the prevalence of tobacco, marijuana, or other
illicit drugs was even higher among youth with more problematic alcohol consumption.
Past-month marijuana use among youth was associated with approximately 8-fold or higher rates of illegal use of binge and heavy
alcohol use, cigarettes and other drugs, compared with youth who did
not use marijuana. The longer term eﬀects of marijuana with early
initiation are increasingly apparent (Agrawal et al., 2004; Blanco et al.,
2016; D'Souza et al., 2016). As anticipated by earlier research, alcohol
and cigarette use by youth was positively correlated (Moss et al., 2014).
Use of all three substances is less well-recognized, with marijuana often
considered as an alternative or substitute for alcohol (Subbaraman,
2016), and thought to reduce alcohol consumption among youth. Our
results show that adolescent marijuana users are using more alcohol,
cigarettes and illicit drugs than adolescents who do not use marijuana.
Concerning the current opioid crisis, data from the National
Monitoring of Adolescent Prescription Stimulants Study (N-MAPSS,
2008–2011 in 12–18 year-olds) showed that marijuana use, former
smoking and recent alcohol use were associated with a 9.3-fold higher
prevalence of non-medical use of prescription opioids (Osborne et al.,
2017). Although it is likely that both environmental factors and individual characteristics are likely to contribute to drug use behavior,
the speciﬁc eﬀects of drug use itself need to be considered, including
brain priming to “like” or “seek” the use of other drugs. Priming of the
adolescent brain by one drug to use another drug is corroborated in
preclinical research in rodents, which showed that tetrahydrocannabinol (THC), the main psychoactive constituent of marijuana, primed adolescent rats to seek heroin at higher rates after maturation to adulthood, long after the THC had cleared (Ellgren et al.,
2007). Conceivably, use of a drug during adolescent brain development
dysregulates the common dopamine reward pathway, thereby inducing
the brain to seek larger drug-related dopamine surges rather than natural activity-related dopamine release (Huang et al., 2013). Poly-substance use cannot solely be attributable to molecular adaptations and
subsequent priming, as other common risk factors and variables (e.g.,
psychiatric disorders, sociocultural and availability factors) also contribute to common use patterns (Wagner & Anthony, 2002).
Temporal and sequential surveys of individuals have provided evidence for several hypotheses on the sequence of substance use patterns
(Mayet et al., 2016; van Leeuwen et al., 2011). Convergent theories
have been used to explain patterns of substance use among youth (van
Leeuwen et al., 2011). One theory is a substance-speciﬁc risk, also
known as the gateway hypothesis, which outlines a speciﬁc progressive
sequence of drug involvement, primed by one or more speciﬁc drugs
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Data source: the 2014 National Survey on Drug Use and Health, CBHSQ, SAMHSA.
a
SAMHSA requires that any description of overall sample sizes based on the restricted-use data ﬁles has to be rounded to the nearest 100 to minimize potential disclosure risk. AP = age, sex, and race/ethnicity
adjusted prevalence; SE = standard error; ARR = adjusted risk ratio; CI = conﬁdence interval.

1.0
3.0 (2.83–3.16)
22.9 (0.44)
68.6 (1.34)
8.8 (0.29)
40.0 (1.33)
Among never cigarette smokers+
Among lifetime cigarette smokers

8.7 (0.32)
54.8 (1.29)

1.0
6.3 (5.77–6.86)

1.0
4.5 (4.13–4.96)

ARR (95% CI)
AP (SE)
ARR (95% CI)
AP (SE)
ARR (95% CI)

Illicit drug other than marijuana use
Marijuana use
Lifetime adjusted prevalence

AP (SE)

Alcohol use

10.4 (7.03–15.26)
5.8 (0.81)
6.1 (5.20–7.14)
26.7 (1.76)
4.2 (3.72–4.69)
39.7 (2.03)
20.7 (2.03)
7.0 (6.07–8.10)
36.8 (1.96)

7.7 (6.15–9.70)

1.0
0.6 (0.07)
1.0
4.4 (0.21)
1.0
2.7 (0.16)
1.0

Among those who did not smoke cigarettes
in the past month+
Among past-month cigarette smokers

5.3 (0.24)

1.0

9.5 (0.30)

ARR (95% CI)
AP (SE)
ARR (95% CI)
AP (SE)

ARR (95% CI)

AP (SE)

AP (SE)

ARR (95% CI)

AP (SE)

ARR (95% CI)

Heavy alcohol use
Binge alcohol use
Alcohol use
Illicit drug other than marijuana use
Marijuana use
Past-month adjusted prevalence

Table 3
Age, sex, and race/ethnicity adjusted past-month and lifetime prevalence of marijuana, illicit drug other than marijuana use, and alcohol use among youth aged 12–17, by cigarette use status (n = 17,000a).

R.L. DuPont et al.

that function as a gateway for the use of other substances (Kandel &
Kandel, 2015; Woodcock et al., 2015). Empirical data supporting the
“gateway hypothesis” showed two transitions in the progression of
substance use: initiation of legal substance use (alcohol, tobacco) progressing to marijuana use within 5–6 months, and then proceeding to
use of less-common illicit drugs such as cocaine or heroin, with prevalence far greater among marijuana users (Kandel & Faust, 1975).
Empirical evidence in support of this hypothesis is mixed (MackesyAmiti et al., 1997), with criticism based on the contribution of environmental factors (access to drugs, poor parenting, and environment),
or psychiatric disorders (Degenhardt et al., 2009; Tarter et al., 2006;
Tarter et al., 2012).
A second theory is a generalized risk for use across substances
(Degenhardt et al., 2009; Fergusson et al., 2006; Huizink et al., 2010)
not patterned by sequential drug use. As a predictor of substance use
disorder, the generalized risk factor concept assumes the inﬂuence of
individual liability (e.g., risk-seeking behaviors, personality and psychiatric disorders, genetics) and environmental factors (e.g., peer inﬂuences, parenting practices). The concept also leans heavily on evidence that the liability for substance use disorders is similar for
diﬀerent substances, especially early initiation of use, heavy initial use,
and genetic factors (Palmer et al., 2012).
Our data set is unable to resolve whether marijuana, or alcohol, or
cigarette initiation primes youth to seek and consume other substances.
Instead, the choice of either using or not using marijuana serves as a
signiﬁcant marker for an elevated risk of using alcohol, having binge or
heavy alcohol use, cigarette smoking and consumption of other illicit
drugs. Importantly, youth prevention eﬀorts need to focus on all drugs
as the empirical evidence underscores a generalized risk for substances
consumed by youth, based on the use of any one of the three most
common drugs: tobacco cigarettes, alcohol, and marijuana. In addition,
our results suggest the value and importance for screening for all substances, particularly as use of one substance by an adolescent is likely to
be associated with use of others. If a single screening question inquires
on the use of tobacco or alcohol, a positive screen for one substance in
an adolescent should routinely trigger screening for an array of substances.
This study has several limitations. NSDUH does not include youth
that are homeless, living in shelters or residing in institutions.
Furthermore, NSDUH does not identify the use of electronic cigarettes,
which has become common among youth. Also, because of the crosssectional nature of NSDUH data, this study could not establish temporal
or causal relationships and long-term outcomes. Finally, NSDUH is a
self-reported survey and is subject to recall and social desirability bias.
5. Conclusions
Since the majority of substance use disorders can be traced to initiation during adolescence, focusing on preventing substance use
during adolescence is a public health imperative. This study's ﬁnding
that among youth, use of any one substance signiﬁcantly increases the
prevalence of other substance use supports the inclusion of universal
prevention interventions, which increase the percentage of adolescents
making the choice to not use any of these addicting substances. This
objective is both in the interest of adolescent health and of reducing the
prevalence of addiction to any drug.
Funding sources
The Institute for Behavior and Health, Inc. received funding from
the Charles Stewart Mott Foundation, grant no. 2013-00630.
Conﬂict of interest
Drs. DuPont, Han and Ms. Shea have no conﬂicts to disclose. Dr.
Madras has consulted for Guidepoint and RiverMend Health.
72

Preventive Medicine 113 (2018) 68–73

R.L. DuPont et al.

Human participation protection

Hu, M.C., Griesler, P.C., Schaﬀran, C., Wall, M.M., Kandel, D.B., 2012. Trajectories of
criteria of nicotine dependence from adolescence to early adulthood. Drug Alcohol
Depend. 125 (3), 283–289.
Huang, Y.Y., Kandel, D.B., Kandel, E.R., Levine, A., 2013. Nicotine primes the eﬀect of
cocaine on the induction of LTP in the amygdala. Neuropharmacology 74, 126–134.
Huizink, A.C., Levälahti, E., Korhonen, T., et al., 2010. Tobacco, cannabis, and other illicit
drug use among Finnish adolescent twins: causal relationship or correlated liabilities?
J. Stud. Alcohol Drugs 71 (1), 5–14.
Jordan, C.J., Andersen, S.L., 2017. Sensitive periods of substance abuse: early risk for the
transition to dependence. Dev. Cogn. Neurosci. 25, 29–44.
Kandel, D., Faust, R., 1975. Sequence and stages in patterns of adolescent drug use. Arch.
Gen. Psychiatry 32 (7), 923–932.
Kandel, D., Kandel, E., 2015. The gateway hypothesis of substance abuse: developmental,
biological and societal perspectives. Acta Paediatr. 104 (2), 130–137.
Keyes, K.M., Hamilton, A., Kandel, D.B., 2016. Birth cohorts analysis of adolescent cigarette smoking and subsequent marijuana and cocaine use. Am. J. Public Health 106
(6), 1143–1149.
Khokhar, J.Y., Dwiel, L.L., Henricks, A.M., Doucette, W.T., Green, A.I., 2018. The link
between schizophrenia and substance use disorder: a unifying hypothesis. Schizophr.
Res. 194, 78–85.
van Leeuwen, A.P., Verhulst, F.C., Reijneveld, S.A., Vollebergh, W.A., Ormel, J., Huizink,
A.C., 2011. Can the gateway hypothesis, the common liability model and/or, the
route of administration model predict initiation of cannabis use during adolescence?
A survival analysis—the TRAILS study. J. Adolesc. Health 48 (1), 73–78.
Levy, S., Campbell, M.D., Shea, C.L., DuPont, R.L., 1975–2014. Trends in Abstaining from
Substance Use in Adolescents: 1975–2014. Pediatrics (In press).
Mackesy-Amiti, M.E., Fendrich, M., Goldstein, P.J., 1997. Sequence of drug use among
serious drug users: typical vs atypical progression. Drug Alcohol Depend. 45 (3),
185–196.
Madras, B.K., 2017. The surge of opioid use, addiction, and overdoses: responsibility and
response of the US health care system. JAMA Psychiat. 74 (5), 441–442.
Mayet, A., Legleye, S., Beck, F., Falissard, B., Chau, N., 2016. The gateway hypothesis,
common liability to addictions or the route of administration model a modelling
process linking the three theories. Eur. Addict. Res. 22 (2), 107–117.
Meruelo, A.D., Castro, N., Cota, C.I., Tapert, S.F., 2017. Cannabis and alcohol use, and the
developing brain. Behav. Brain Res. 325 (Pt A), 44–50.
Miech, R., Johnston, L., O'Malley, P., 2017. Prevalence and attitudes regarding marijuana
use among adolescents over the past decade. Pediatrics 140 (6), e20170982.
Moss, H.B., Chen, C.M., Yi, H.Y., 2014. Early adolescent patterns of alcohol, cigarettes,
and marijuana polysubstance use and young adult substance use outcomes in a nationally representative sample. Drug Alcohol Depend. 136, 51–62.
Osborne, V., Serdarevic, M., Crooke, H., Striley, C., Cottler, L.B., 2017. Non-medical
opioid use in youth: gender diﬀerences in risk factors and prevalence. Addict. Behav.
72, 114–119.
Palmer, R.H.C., Button, T.M., Rhee, S.H., et al., 2012. Genetic etiology of the common
liability to drug dependence: evidence of common and speciﬁc mechanisms for DSMIV dependence symptoms. Drug Alcohol Depend. 123 (Suppl. 1), S24–32.
Research Triangle Institute, 2015. SUDAAN Release 11.0.1. RTI International, Research
Triangle Park, NC.
Sartor, C.E., Kranzler, H.R., Gelernter, J., 2014. Rate of progression from ﬁrst use to
dependence on cocaine or opioids: a cross-substance examination of associated demographic, psychiatric, and childhood risk factors. Addict. Behav. 39 (2), 473–479.
Schwartz, R.H., Milteer, R., Sheridan, M.J., Horner, C.P., 1999. Beach week: a high school
graduation rite of passage for sun, sand, suds, and sex. Arch. Pediatr. Adolesc. Med.
153 (2), 180–183.
Subbaraman, M.S., 2016. Substitution and complementarity of alcohol and cannabis: a
review of the literature. Subst. Use Misuse 51 (11), 1399–1414.
Substance Abuse and Mental Health Services Administration (SAMHSA), 2015. 2014
National Survey on Drug Use and Health. http://www.samhsa.gov/data/populationdata-nsduh/reports, Accessed date: 28 February 2017.
Tarter, R.E., Vanyukov, M., Kirisci, L., Reynolds, M., Clark, D.B., 2006. Predictors of
marijuana use in adolescents before and after licit drug use: examination of the
gateway hypothesis. Am. J. Psychiatry 163 (12), 2134–2140.
Tarter, R.E., Kirisci, L., Mezzich, A., et al., 2012. Does the “gateway” sequence increase
prediction of cannabis use disorder development beyond deviant socialization?
Implications for prevention practice and policy. Drug and Alcohol Depend. 123
(Supplement 1), S72–S78.
Tice, P., 2013. Substance use among 12th grade aged youths by dropout status. In: The
CBHSQ Report. Rockville, MD. Substance Abuse and Mental Health Services
Administration.
Vanyukov, M.M., Tarter, R.E., Kirillova, G.P., et al., 2012. Common liability to addiction
and “gateway hypothesis”: theoretical, empirical and evolutionary perspective. Drug
Alcohol Depend. 123 (Suppl. 1) (S3-17).
Wagner, F.A., Anthony, J.C., 2002. Into the world of illegal drug use: exposure opportunity and other mechanisms linking the use of alcohol, tobacco, marijuana and
cocaine. Am. J. Epidemiol. 155 (10), 918–925.
Windle, M., Windle, R.C., 2012. Early onset problem behaviors and alcohol, tobacco, and
other substance use disorders in young adulthood. Drug Alcohol Depend. 121 (1–2),
152–158.
Woodcock, E.A., Lundahl, L.H., Stoltman, J.J., Greenwald, M.K., 2015. Progression to
regular heroin use: examination of patterns, predictors, and consequences. Addict.
Behav. 45, 287–293.

The data collection protocol of the National Survey on Drug Use and
Health was approved by the Institutional Review Board at the RTI
International.
Acknowledgments
The ﬁndings and conclusions of this study are those of the authors
and do not necessarily reﬂect the views of the Substance Abuse and
Mental Health Services Administration or the U.S. Department of
Health and Human Services. The Institute for Behavior and Health, Inc.
received funding from the Charles Stewart Mott Foundation, grant no.
2013-00630. All authors contributed to the preparation of the manuscript. Dr. DuPont and Ms. Shea developed the study concept and
helped polish the manuscript, Dr. Han wrote the methods and results
sections and helped polish the manuscript and drafted the response
letter, and Dr. Madras conducted a literature review and wrote extensive sections of the manuscript. All authors have approved the ﬁnal
article. Drs. DuPont, Han and Ms. Shea have no conﬂicts to disclose. Dr.
Madras has consulted for Guidepoint and RiverMend Health.
References
Agrawal, A., Neale, M.C., Prescott, C.A., Kendler, K.S., 2004. A twin study of early cannabis use and subsequent use and abuse/dependence of other illicit drugs. Psychol.
Med. 34, 1227–1237.
Blanco, C., Hasin, D.S., Wall, M.M., et al., 2016. Cannabis use and risk of psychiatric
disorders: prospective evidence from a US national longitudinal study. JAMA
Psychiat. 73, 388–395.
Breslau, N., Fenn, N., Peterson, E.L., 1993. Early smoking initiation and nicotine dependence in a cohort of young adults. Drug Alcohol Depend. 33, 129–137.
Brook, D.W., Brook, J.S., Zhang, C., Cohen, P., Whiteman, M., 2002. Drug use and the risk
of major depressive disorder, alcohol dependence, and substance use disorders. Arch.
Gen. Psychiatry 59 (11), 1039–1044.
Chadi, N., Levy, S., 2017. Understanding the highs and lows of adolescent marijuana use.
Pediatrics 140.
Chen, C.Y., O'Brien, M.S., Anthony, J.C., 2005. Who becomes cannabis dependent soon
after onset of use? Epidemiological evidence from the United States: 2000–2001.
Drug Alcohol Depend. 79 (1), 11–22.
Chen, C.Y., Storr, C.L., Anthony, J.C., 2009. Early-onset drug use and risk for drug dependence problems. Addict. Behav. 34 (3), 319–322.
D'Amico, E.J., Miles, J.N., Tucker, J.S., 2015. Gateway to curiosity: medical marijuana
ads and intention and use during middle school. Psychol. Addict. Behav. 29 (3),
613–619.
Degenhardt, L., Chiu, W.T., Conway, K., et al., 2009. Does the ‘gateway' matter?
Associations between the order of drug use initiation and the development of drug
dependence in the national comorbidity study replication. Psychol. Med. 39 (1),
157–167.
Degenhardt, L., Stockings, E., Patton, G., Hall, W.D., Lynskey, M., 2016. The increasing
global health priority of substance use in young people. Lancet Psychiatr. 3 (3),
251–264.
DeWit, D.J., Adlaf, E.M., Oﬀord, D.R., Ogborne, A.C., 2000. Age at ﬁrst alcohol use: a risk
factor for the development of alcohol disorders. Am. J. Psychiatry 157 (5), 745–750.
D'Souza, D.C., Radhakrishnan, R., Sherif, M., et al., 2016. Cannabinoids and psychosis.
Curr. Pharm. Des. 22 (42), 6380–6391.
Ellgren, M., Spano, S.M., Hurd, Y.L., 2007. Adolescent cannabis exposure alters opiate
intake and opioid limbic neuronal populations in adult rats.
Neuropsychopharmacology 32 (3), 607–615.
Ellickson, P.L., Martino, S.C., Collins, R.L., 2004. Marijuana use from adolescence to
young adulthood: multiple developmental trajectories and their associated outcomes.
Health Psychol. 23 (3), 299–307.
Fergusson, D.M., Boden, J.M., Horwood, L.J., 2006. Cannabis use and other illicit drug
use: testing the cannabis gateway hypothesis. Addiction 101 (4), 556–569.
Grant, B.F., Dawson, D.A., 1997. Age at onset of alcohol use and its association with DSMIV alcohol abuse and dependence: results from the national longitudinal alcohol
epidemiologic survey. J. Subst. Abus. 9, 103–110.
Hall, W.D., Patton, G., Stockings, E., et al., 2016. Why young people's substance use
matters for global health. Lancet Psychiatr. 3 (3), 265–279.
Han, B., Compton, W.M., Blanco, C., DuPont, R.L., 2017. National trends in substance use
and use disorders among youth. J. Am. Acad. Child Adolesc. Psychiatry 56 (9),
747–754.
Hawkins, J.D., Catalano, R.F., Miller, J.Y., 1992 Jul. Risk and protective factors for alcohol and other drug problems in adolescence and early adulthood: implications for
substance abuse prevention. Psychol. Bull. 112 (1), 64–105.

73

