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ABSTRACT

During the early 1970s Denise Kandel and her colleagues documented an ‘invariant sequence’ in initiation of drug use:
starting with alcohol and tobacco, progressing to cannabis and then to other illicit, or ‘harder’ drugs. This observation,
which became known as the ‘gateway sequence’ of drug use, has been influential in policy debates but remains highly con-
tentious, with the area of greatest controversy focusing upon whether cannabis use increases risk causally for initiation of
other illicit drugs. While numerous studies have replicated Kandel’s initial findings (sequence of onset) and reported that
associations between cannabis use and the use of other illicit drugs remain after controlling for potentially confounding
factors, the mechanisms underlying these observed associations remain hotly debated. In particular, it is possible that
the observed associations are non-causal but reflect the influence of confounding factors which influence both early-onset
drug use and subsequent progressions. However, research employing a range of techniques to address this issue has been
unable to discount the possibility that associations between earlier and subsequent drug use reflect causal processes. This
paper reviews Kandel's ongoing contributions to this field, which span 45 years, and discusses both the influence of her
work and the controversy that it has aroused.
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INTRODUCTION

Denise Kandel and her colleagues documented an ‘invari-
ant sequence’ in progression of drug use among adoles-
cents and youth. They observed that individuals typically
start their drug use careers with alcohol and tobacco,
progressing to cannabis and then to other illicit, or *harder’
drugs [1,2]. They noted that users of ‘harder’ drugs almost
invariably reported prior use of licit drugs (sequence) and
that the use of licit drugs increased the likelihood of
progression to ‘harder’ drugs (association). This work has
had a considerable impact, but has also attracted consider-
able controversy. Notably, there are misconceptions
surrounding the interpretation of the often-replicated
finding of stages in adolescent drug use, which are
interpreted primarily to reflect causal processes. In this
paper, we provide a brief overview of Kandel's original
work and discuss its importance in light of subsequent
findings.
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THE CLASSIC PAPER

Kandel & Faust [3] reported the results of a longitudinal
study of students from 18 public secondary schools in
New York State. These students provided information on
their patterns of drug use in two surveys conducted
6 months apart, with further follow-up of a subset of stu-
dents conducted 5-9 months after the second survey. The
final samples included 5468 students studied from waves
1 to 2 and 985 studied from waves 2 to 3.

Results identified an invariant sequence in drug use
initiation, with students transitioning from no substance
use to: (a) use of beer or wine, (b) followed by tobacco
and/ or hard liquor, (c) then cannabis and (d) other illicit
drugs. Kandel & Faust noted that nearly all students who
had used a drug at one stage had previously used drugs
at earlier stages. In her initial writings, Kandel was explicit
about the limitations of this research, noting that her
findings:
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‘...do not prove that the use of a particular drug
infallibly leads to the use of other drugs higher up in the
sequence. Many youths stop at a particular stage
without progressing any further. Nor can the findings
be interpreted to show that there is something inherent
in the pharmacological properties of the drugs
themselves that leads inexorably from one to another’
(Kandel & Faust, 1975, p. 931).

She distanced her findings from the controversial and
largely discredited ‘stepping-stone’ hypothesis that posited
that use of cannabis would lead inevitably to heroin use.
Other aspects of her initial formulation are worth noting.
First, Kandel distinguished between the use of beer/wine
and the use of hard liquor, a distinction that has largely
been lost from subsequent research. Secondly, she did not
distinguish between different types of ‘hard drugs’, but con-
sidered the use of these different drugs as representing a
single (final) stage in drug use. This convention appears
to have been largely followed by subsequent researchers,
although there have been some elaborations of the model
to consider other potential stages of progression, including
prescription drug use [4], regular use of tobacco or alcohol
[5] and inhalants [6].

LONGER-TERM FOLLOW-UPS,
REPLICATIONS AND EXTENSIONS

Kandel re-interviewed a subset of the sample during 1980—
81, at average age 24.7 years (n = 1325) [1,2,7], and a
further follow-up was conducted in 1990, at age
34-35 years (n = 1160) [8]. While the results of these
studies largely confirmed her previous findings, several
observations are noteworthy. First, they reported gender
differences in progression pathways, with men demon-
strating use of alcohol, cigarettes and cannabis prior to
use of prescribed drugs, but for women, use of alcohol
and either cigarettes or cannabis was sufficient. Further,
onset of cannabis prior to age 16 was pivotal in use of other
illicit drugs, particularly in males. Similarly, age of onset of
alcohol use predicted cannabis use. In this later work, Kan-
del also noted that current use of alcohol and cigarettes
was related more strongly to initiation of cannabis use than
prior use of these substances. Her later work also empha-
sized the role of cannabis use in the use of other illicit drugs,
showing the persistence of the association over and above
related features, such as delinquency and peer drug use.
In addition, she emphasized the importance of frequency
of use, showing that other illicit and prescription drug
use was often preceded by cannabis use on more than 10
occasions [8].

In contrast to her earlier work, these studies embraced
a stronger causal interpretation of the mechanisms
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underlying these associations with Yamaguchi & Kandel
[2], arguing that:

‘...prevention of early involvement in legal drugs would
reduce the use of marijuana, and that prevention of
early involvement in marijuana use would reduce
involvement in other illicit drugs’ (p. 680).

While these reports analysed US samples, Kandel reported
a very similar sequence of drug onset in cross-sectional sur-
veys in France and Israel [9].

CAVEATS

Even though the trajectories identified by Kandel have been
broadly replicated, there are exceptions. For instance, in a
US cohort Degenhardt et al. [10] identified rare violations
of the gateway sequence. These violations were related to
earlier history of internalizing disorders, but were unre-
lated to future risks for drug dependence. In further work,
they extended this analysis to 17 countries and concluded
that violations of the sequence were also related closely to
cultural factors [11]. In countries in which cannabis use
is rare (e.g. Japan and Nigeria), illicit drug use did not ap-
pear to be contingent upon prior cannabis use. Other rep-
licated violations in sequence include the use of cannabis
prior to tobacco use (‘reverse gateways’), due potentially
to higher taxation and tighter control policies related to to-
bacco products [12,13]. In the United States, studies also
suggest that African American youth are more likely to be-
gin their substance use trajectories with cannabis rather
than alcohol [14].

Together, the suggestion that the traditional gateway
sequence may be country-, culture- or context-specific ar-
gues against the hypothesis that specific drugs may influ-
ence progression causally to other drug use. Instead, it
suggests that contextual factors, including access and
availability, determine both sequence of initiation and risks
of progression.

POTENTIAL MECHANISMS

The most contentious issue surrounding this research con-
cerns the extent to which the observed sequence implicates
tobacco, alcohol and cannabis as causing the use of other
drugs, and the potential implications of different interpreta-
tions of the mechanism underlying these observed associa-
tions for both policy and prevention.

This controversy is most pronounced with reference to
cannabis and whether or not early initiation of cannabis is
a risk factor for or ‘gateway’ to other illicit drug use. Morral
et al. [15,16] have shown that sequencing in the onsets of
different drug classes is consistent with a model assuming a
shared liability to drug use, which is also well supported by
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numerous twin studies of shared genetic and environmen-
tal influence of general drug use propensity [17,18]. While
Morral’s analyses indicate that it is not necessary to invoke
gateway processes to explain the sequence of drug onsets,
or associations across them, they do not, in themselves, dis-
count the possibility of gateway processes.

Indeed, research that has attempted to control for po-
tential confounding through a variety of methods has
largely failed to disprove the possibility that use—and par-
ticularly early-onset use—may influence risks causally for
progression to other drug use. In a subsequent follow-up
of New York high school students, Kandel again made a
significant contribution to this debate [2]. Using event his-
tory analysis she reported that, even after control for ado-
lescent behaviour, mental health and peer affiliations,
cannabis use strongly predicted progression to the use of
other drugs, even suggesting that it was a necessary condi-
tion for the use of other illicit drugs.

More recently, Fergusson & Horwood [19] reported that
frequency of cannabis use was associated with risks for
other drug use, even after adjustment for both a wide array
of potentially confounding covariates and for time-varying
measures (peer affiliations, licit drug use and other life-style
factors) that may have mediated the association between
cannabis and other drug use. Controlling for this array of
factors, those using cannabis on 50 or more occasions at
age 21 had hazards for other illicit drug use which were
more than 50 times higher than those for individuals
who had not used cannabis. Fergusson et al. [20] further
reported strong associations between frequency of canna-
bis use and other illicit drug use after control for non-ob-
served and time-dynamic sources of confounding using
random- and fixed-effects regression models. However,
the strength of the association between cannabis and other
illicit drug use declined with increasing age.

Similarly, Taylor et al. [21] reported that late-onset oc-
casional, early-onset occasional and regular cannabis
users had dramatically elevated odds of other illicit drug
use [odds ratio (OR) =15.9-47.9] [21]. Swift et al. also re-
ported that never users of cannabis were at the lowest risk
for uptake of other illicit drugs. Further, individuals who
had used other illicit drugs but who had never used canna-
bis were significantly more likely to cease illicit drug use,
while daily cannabis use was associated with significantly
lower rates of cessation [22].

Genetically informative research designs have also been
unable to discount the possibility that early-onset cannabis
use may influence risks for the onset of and progression in
use of other illicit drugs [23-27]. Lynskey et al. reported
that within pairs of identical and fraternal twins, the twin
who used cannabis prior to age 17 was at 2.4-3.9 odds of
using other illicit drugs compared to their co-twin, who ini-
tiated cannabis use at a later age [23]. Critics of the discor-
dant twin approach argue that, despite providing rigorous
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control of familial factors, the approach does not account
adequately for the origins of the discordance (i.e. why one
twin is an early user but the other is not). Nonetheless, al-
ternative case—cross-over approaches (self as control) also
suggested that onset of cannabis use was a ‘proximal trig-
ger’ for cocaine initiation [relative risk (RR) = 1.6], and
that the mechanisms underlying the temporal association
may include aspects of the drug market or methods used
to obtain drugs [28].

A further approach to evaluating the potential causal
impact of specific environmental exposures involves Men-
delian randomization, which relies upon the identification
of genetic variants that strongly predict risk of exposure
(e.g. cannabis use). Any such variants (or a polygenic com-
posite) can be used as substitutes (i.e. genetic instruments)
for that exposure, and an association with the specific
outcome (e.g. other illicit drug use) can be interpreted as
evidence of a causal association [29]. For instance, a recent
study used this approach and did not find evidence for
causal effects of using one substance (as indexed by
genomic instruments derived from the best-powered
genome-wide association studies of each substance) on
use of others [30], but it did not explore whether or not
cannabis use led to use of other illicit drugs. The use of this
approach to examine associations between cannabis and
other illicit drug use may be hampered by the limited num-
ber of gene variants associated replicably with cannabis ini-
tiation [31] and also by the high likelihood of pleiotrophic
effects of any identified loci [32,33] (i.e. a locus directly
influences both cannabis initiation and later outcomes),
although several modern methods allow for adjustments
for pleiotrophy [34].

More recently, Kandel has employed a further novel ap-
proach to test gateway hypotheses in the general popula-
tion. She examined cohort differences in rates of tobacco
use during 8th grade and subsequent rates of cannabis
and cocaine use in the same cohorts (but not the same in-
dividuals) assessed in 12th grade [35]. Cross-sectional data
from the US Monitoring the Future School survey included
repeated samples of approximately 45 000 school students
assessed annually from 1992 to 2012. Results indicated
that a 1% change in the prevalence of tobacco use was
associated with an 8% change in cannabis use and a 14—
23% change in cocaine use. The authors attributed these
associations to the potential priming effects of nicotine on
later drug use, including those observed in pre-clinical
models [36]. However, it is not necessary to invoke causal
interpretations of gateway mechanisms to explain these
associations. Indeed, it is likely that they may reflect the
influence of broad macro-sociological factors (e.g. availabil-
ity, social norms) which influence patterns of drug use
between cohorts, with these effects expressed as tobacco
use among younger students and cannabis or cocaine
use among older students. A notable finding from the study
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was the absence of any elevation in cannabis and cocaine
use as a function of nicotine exposure in black youth. The
authors were able to adjust statistically for general percep-
tions of the harmfulness of drug use; there are other poten-
tial factors that were not controlled for (see e.g. [37]).

PHARMACOLOGICAL STUDIES OF DRUG
SEQUENCE AND GATEWAY EFFECTS

Pre-clinical research has demonstrated associations be-
tween cannabis exposure and subsequent patterns of opi-
oid use in rats. For example, Ellgren et al. [38] reported
that intraperitoneal exposure to tetrahydrocannabinol
(THC) during the peri-pubertal period in Long-Evan male
rats was associated with greater use of opioids and appar-
ently more reinforcing effects of opioids in learning tasks.
However, it has been suggested that such effects may be
strain-dependent, highlighting the potential role of genetic
differences in susceptibility to addiction and in moderating
associations between cannabis exposure and subsequent
behaviours [39].

In her recent contributions, Kandel also used animal
models to examine potential mechanisms underlying drug
progression [40]. She found that mice primed with nicotine
showed a substantial increase in both cocaine-induced
locomotor activity and chamber preference when adminis-
tered nicotine and cocaine. They also reported that priming
with nicotine led to reduced synaptic plasticity in the nu-
cleus accumbens, the brain’s hub for reward response.
Epigenetic alterations were also noted. Kandel & Kandel
[40] posited that the results provided a ‘biological basis
and a molecular mechanism for the sequence of drug use
observed in people’. Extrapolating to humans, they noted
parallel decreases in tobacco smoking and cocaine preva-
lence in 18-25-year-olds from the National Survey on
Drug Use and Health, and argued provocatively that recent
increases in e-cigarette use may place individuals at
heightened risks for cocaine dependence [35]. Interest-
ingly, they also (re)defined a gateway drug as ‘a drug that
lowers the threshold for addiction to other agents’
(p. 932), a definition that deviates from earlier definitions
but which is more consilient with pre-clinical findings.

While such pharmacological experiments can provide
controlled evidence of molecular pathways they do not ad-
dress issues surrounding choice, which are central to sup-
posed gateway effects. Many studies that have reported on
gateway sequences in drug use have employed a very low
level of exposure, including single episodes of use, which
are substantially lower than those used in pre-clinical re-
search. Hence, the utility of pharmacological explanations
for causality appears limited. However, the possibility that
repeated exposure to one drug might result in cross-
tolerance or lasting changes in the dynamic genome,
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especially during co-administration of subsequent drugs
with the priming drug, is plausible.

NON-PHARMACOLOGICAL CAUSATION

We believe that if causal pathways undergird drug se-
quences, they are more likely to be of a social nature. Use
of one drug is likely to result in exposure to a social milieu
that might encourage use of and access to other drugs.
Fergusson & Horwood [19] noted that associations be-
tween cannabis and other illicit drug use were mediated
partially by peer affiliations and other risk-taking or
non-normative behaviours. Similarly, the use of one drug
(e.g. alcohol) influences the opportunity to use another
drug (e.g. cannabis) [41], while weekly tobacco use was
associated with an earlier onset of first opportunity to use
cannabis [42]. This is consistent with Yamaguchi &
Kandel's [2] claim that:

‘experience with a particular drug... may remove the
fear and perceived risk associated with the use of other
drugs... and may facilitate further escalation’ (p. 679).

Studies of initial subjective reactions to drugs also support
this. For instance, initial experiences with cannabis are
rated typically as pleasurable, and these apparently positive
experiences may both negate drug prevention efforts and
encourage further experimentation [43]. Similarly, Baggio
et al. reported that escalation to the use of other illicit drugs
was higher in those reporting greater response (both posi-
tive and negative) to initial cannabis use [44]. However,
null findings of such cross-drug effects exist, and the extant
literature on initial subjective reactions is clouded by con-
cerns regarding recall bias. Hall & Lynskey [45] provide a
provocative avenue for tests of social causation—the study
of alterations in patterns of illicit drug use as a function of
changing legislation.

CONCLUSIONS

Despite these caveats, it is clear that the use of tobacco, al-
cohol and cannabis is initiated frequently prior to the onset
of other illicit drug use. Additionally, it has not been possi-
ble to fully discount the possibility that the early use of
these drugs may influence risks causally for other drug
use (albeit at a far lower escalation in risk that is typically
assumed). The implications of these findings rest critically
upon the interpretation of any (potentially causal) associa-
tion. While much policy debate has focused upon the legal
status of cannabis, very similar associations exist between
early-onset licit drug use and increased rates of illicit drug
use. For consistency, calls to retain the illegal status of can-
nabis motivated by the role of cannabis in the gateway
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sequence of drug use should be matched by calls for legal
prohibitions against both tobacco and alcohol.

In summary, Kandel’'s landmark studies made many
important contributions, highlighting both the superiority
and feasibility of conducting longitudinal research on pat-
terns of drug use. She also highlighted the importance of
examining risk factors for specific stages of drug use, a rec-
ommendation often overlooked. Her findings have been
confirmed largely by additional research, but interpretation
remains controversial. At least some of this controversy
may stem from a misrepresentation of her initial work, as
Kandel was careful both to distance her own theory from
the ‘stepping-stone’ hypothesis and to note explicitly that
an invariant sequence does not imply causality. Initial
findings have been open to multiple interpretations and,
intriguingly, it appears that Kandel's own beliefs about
the nature of these associations have changed over time:
recent work has adopted a more causal tone, particularly
in reference to potential links between nicotine (including
e-cigarette) use and subsequent risks for cocaine
dependence.
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