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OVER THE PAST DECADE

there has been a steady in-
crease both in the preva-
lence of cannabis (mari-

juana) use among young people1,2 and
in the number of people entering treat-
ment for cannabis-related problems.3 In
1999 there were 220 000 cannabis-
related admissions to publicly funded
substance abuse treatment programs in
the United States.3 This represented
14% of all such treatment admissions,
with admissions occurring primarily
among youth: approximately a third of
all cannabis-related admissions were
among people 12 to 17 years of age and
a further third were among those 18 to
25 years of age. These increases in treat-
ment seeking have been paralleled by
heightened concerns about the long-
term consequences of chronic canna-
bis use4,5 and a recognition of the need
for treatment and other interventions
to ameliorate the effects of drug depen-
dence, which is best characterized as a
chronic, recurring condition.6

The majority of cannabis-related ad-
missions among youth result from re-
ferrals either from the justice or edu-
cational systems,7 and it is probable that
at least some of these referrals were mo-

tivated more by concern over the fu-
ture consequences of early initiation to
cannabis use than by apparent nega-
tive effects of current cannabis use. A
major focus of concern is the extent to
which early cannabis use may in-
crease the risks for escalation to other
drug use and drug dependence. Stage
theory posits that there is an invariant
sequence in initiation and use of drugs,
with use of cannabis preceding the use
of “hard” drugs such as cocaine and
heroin.8-10 This theory has been highly
influential in drug policy debates and
has provided a major rationale for sus-
taining prohibition against canna-
bis,11 as it is assumed that delaying or

preventing early cannabis use may re-
duce risks of other illicit drug use.

While this broad theory has found
someempirical support,8-10,12-14 suchdata
on temporal sequencing do not estab-
lish that the use of one drug causes the
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Context Previous studies have reported that early initiation of cannabis (marijuana)
use is a significant risk factor for other drug use and drug-related problems.

Objective To examine whether the association between early cannabis use and sub-
sequent progression to use of other drugs and drug abuse/dependence persists after
controlling for genetic and shared environmental influences.

Design Cross-sectional survey conducted in 1996-2000 among an Australian na-
tional volunteer sample of 311 young adult (median age, 30 years) monozygotic and
dizygotic same-sex twin pairs discordant for early cannabis use (before age 17 years).

Main Outcome Measures Self-reported subsequent nonmedical use of prescrip-
tion sedatives, hallucinogens, cocaine/other stimulants, and opioids; abuse or depen-
dence on these drugs (including cannabis abuse/dependence); and alcohol depen-
dence.

Results Individuals who used cannabis by age 17 years had odds of other drug use,
alcohol dependence, and drug abuse/dependence that were 2.1 to 5.2 times higher
than those of their co-twin, who did not use cannabis before age 17 years. Control-
ling for known risk factors (early-onset alcohol or tobacco use, parental conflict/
separation, childhood sexual abuse, conduct disorder, major depression, and social anxi-
ety) had only negligible effects on these results. These associations did not differ
significantly between monozygotic and dizygotic twins.

Conclusions Associations between early cannabis use and later drug use and abuse/
dependence cannot solely be explained by common predisposing genetic or shared
environmental factors. The association may arise from the effects of the peer and so-
cial context within which cannabis is used and obtained. In particular, early access to
and use of cannabis may reduce perceived barriers against the use of other illegal drugs
and provide access to these drugs.
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use of drugs higher up the sequence.11,14

Rather, the observed pattern of initia-
tion and use may reflect other factors
such as availability and access.11 None-
theless, several studies using event his-
tory analysis15 and regression analy-
ses16-19 have reported that early initiation
tocannabisuse remainsa significant risk
factor for both the use of other drugs and
experiencing drug-related problems.

We are unaware of any studies that
have controlled for genetic influences
on the association between earlier ini-
tiation of cannabis use and other drug
use and drug-related problems. None-
theless, one viable hypothesis to ex-
plain this apparent association is that
it arises from the joint influence of ge-
netic and/or shared environmental fac-
tors on both risks of early initiation to
cannabis use and, independently of this,
on increased risks of subsequent drug
use and dependence. This hypothesis
is supported by evidence that canna-
bis and other drug use and drug abuse/
dependence are moderately to highly
heritable.20-22

The examination of other drug use
and drug abuse/dependence in twin
pairs discordant for early cannabis use
provides a powerful test of the hypoth-

esis that the association between early
cannabis use and later outcomes can be
explained by common predisposing ge-
netic and/or shared environmental risk
factors. Since these predisposing fac-
tors are shared by twin pairs raised to-
gether, if the association between early
cannabis use and later drug use can be
explained by shared environmental fac-
tors, then in twin pairs discordant for
early cannabis use, individuals who do
not initiate early cannabis use should
be at equal risk of developing drug-
related problems as their co-twin who
initiates cannabis use early. If corre-
lated genetic effects explain these as-
sociations, then monozygotic pairs dis-
cordant for early use should still have
equal risks. In contrast, if the associa-
tion is causal or explained by environ-
mental factors for which twin pairs are
discordant, we would expect to find
higher rates of other drug use and
abuse/dependence in the early canna-
bis user than in his or her co-twin. In
this article, this issue is explored us-
ing data from a large community sample
of young adult Australian monozy-
gotic and dizygotic twins.

METHODS
Interviewees were members of the
young adult cohort of the Australian
Twin Register, a volunteer twin panel
born between 1964-1971.20,23,24 The data
presented in this report are derived from
responses to a single telephone inter-
view during the period 1996-2000 when
the median age of the sample was 30
years (range, 24-36 years). Informed
consent was obtained from partici-
pants prior to administering the inter-
views, as approved by the institutional
review boards of Washington Univer-
sity School of Medicine and the Queens-
land Institute of Medical Research.

An overview of the study design is
shown in the FIGURE. Of 4010 pairs that
could be traced, interviews were com-
pleted with both members of 2765 pairs
(69% pair-wise response rate) and 1
member of another 735 pairs (78% indi-
vidual response rate). A total of 861
membersof thesample(13.7%)reported
initiating cannabis use before age 17

years; 311 of these (36.1%) were from
same-sex twin pairs in which their co-
twin had not used cannabis by age 17
years. The analyses in this article are
based on this subset of 622 same-sex
twins frompairsdiscordant forearlycan-
nabis use. There were 74 female and 62
male monozygotic twin pairs and 84
female and 91 male same-sex dizygotic
twin pairs. Zygosity was determined on
the basis of responses to standard ques-
tions about physical similarity and con-
fusion of the twins by parents, teach-
ers, and strangers, methods that have
beenfoundtogivebetter than95%agree-
ment with results of genotyping.25-28

Assessments
A structured diagnostic interview de-
signed for genetic studies on alcohol-
ism, the Semi-Structured Assessment
for the Genetics of Alcoholism,29 was
adapted for telephone use with an Aus-
tralian sample and updated for Diag-
nostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) di-
agnostic criteria.30 The interview also
included assessments of sociodemo-
graphic factors, childhood family en-
vironment, and experiencing child-
hood sexual abuse.23 These measures
are described below.

Measures of Subsequent
Drug Involvement
Lifetime Drug Use. Respondents were
asked whether they had ever engaged in
nonmedical use of other drugs. In the
analysis sample of 622 individuals from
same-sex pairs discordant for early can-
nabis use, the following results were
found: (1) sedative use (ie, benzodiaz-
epines, barbiturates) was reported by
12.7% of women and 14.8% of men; (2)
hallucinogen use was reported by 18.7%
ofwomenand35.2%ofmen; (3)cocaine
or other stimulant use was reported by
32.4% of women and 42.4% of men; and
(4) opioid use was reported by 6.7% of
women and 13.5% of men.

Lifetime Drug Abuse/Dependence.
Individuals reporting using cannabis,
sedatives, cocaine/other stimulants, or
opioids on at least a monthly basis were
asked additional questions concern-

Figure. Sample Size and Sample Selection
Criteria

4010 Twin Pairs Enrolled With Australian 
Twin Registry, 1980-1982

6265 Individuals Interviewed, 1996-2000
2765
735

Twin Pairs
Singletons

3772 Reported Lifetime 
Cannabis Use

2493 Reported No 
Lifetime Cannabis 
Use

861 Initiated Cannabis 
Use Before 
Age 17 y

2911 Initiated Cannabis 
Use at Age 17 y 
or Older

311 Twin Pairs Discordant for Cannabis Use by Age 17 y 
(622 Individuals)
234 Co-Twin Controls Initiated Cannabis Use at 

Age 17 y or Older
Co-Twin Controls Never Used Cannabis77
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ing the extent to which they may have
experienced symptoms of drug abuse
(use in physically hazardous situa-
tions; use interfering with major role
obligations) or dependence (using more
frequently or for longer periods than in-
tended; needing larger amounts to
achieve an effect [tolerance]; contin-
ued use despite use causing emotional
problems; recurrent desire to cut down
on use). Abuse was operationalized by
endorsement of either abuse symp-
tom; dependence was operationalized
by endorsement of 2 or more depen-
dence symptoms. While the depen-
dence measure did not provide formal
DSM-IV criteria, previous analyses ex-
ploring the validity of these modified
criteria for cannabis dependence indi-
cated that they had both excellent
sensitivity (96.7%) and specificity
(94.6%) when compared with DSM-IV
criteria.20

Given the relatively low prevalence
of drug abuse and dependence, mea-
sures of abuse and dependence for each
drug class were combined. We as-
sessed abuse/dependence for the fol-
lowing drug classes: (1) cannabis; (2)
sedatives (ie, benzodiazepines, barbi-
turates); (3) cocaine/other stimulants;
and (4) opioids. Additionally, these
drug classes were combined to form a
measure of any drug abuse or depen-
dence. The prevalence of these out-
comes is summarized separately by sex
in TABLE 1.

Lifetime Alcohol Dependence. Life-
time alcohol dependence was assessed
using full DSM-IV30 criteria: 27.9% of
women and 44.8% of men met criteria
for alcohol dependence.

Family, Social, and
Individual Factors
A number of family, social, and indi-
vidual factors were included in the
analysis as control variables. These were
selected on the basis of a previous analy-
sis with this sample that identified risk
factors associated with cannabis depen-
dence.20

Psychiatric Disorders. Criteria for
conduct disorder and major depres-
sion from the DSM-IV 30 were assessed
using the modified Semi-Structured As-
sessment for the Genetics of Alcohol-
ism, and diagnoses were assigned by
computer algorithm. A nondiagnostic
measure of social anxiety was also
defined.23

Early Tobacco Use. A measure of
early tobacco use was constructed by
classifying subjects who reported smok-
ing at least 1 day a week for a period of
3 weeks or more before age 17 years as
early tobacco users (36.6% of twins
from pairs discordant for early canna-
bis use reported such use).

Early Regular Alcohol Use. A mea-
sure of early alcohol use was con-
structed by classifying subjects who re-
ported that they started drinking alcohol
at least once a month for a period of 6
months or more before age 17 years as
early regular alcohol drinkers (11.6% of
twins from pairs discordant for early can-
nabis use reported such use).

Statistical Analyses
All statistical analyses were con-
ducted using SAS31 and STATA.32 As an
initial test of heritability of onset of can-
nabis use, rates of concordance for early
(before age 17 years) cannabis use were

compared between monozygotic and di-
zygotic twin pairs. Differences in con-
cordance rates were tested using the
Breslow-Day test of heterogeneity of
odds ratios (ORs), and separate tests
were conducted for males and fe-
males. Conditional logistic regression
models were then fitted to test for ex-
cess risk to early-onset cannabis users
from same-sex discordant pairs, com-
pared with their co-twin controls. The
significance of the interactions be-
tween early cannabis use and both twin
pair zygosity and sex were tested and,
as these were nonsignificant (P�.10 in
all cases), data were pooled across zy-
gosity and sex. Analyses were re-
peated including the family and indi-
vidual control variables described
above. Stepwise regression with back-
ward selection was conducted with the
measure of early cannabis use forced
into the model. These analyses were
used to estimate conditional ORs for
drug use and drug abuse/dependence
in twins discordant for early cannabis
use with control for other significant
predictors.

Power was estimated using com-
puter simulation. For example, for
cocaine/stimulant abuse or depen-
dence, we first obtained estimates of the
prevalence (pE=12.5%, exposed twin;
pU=4.5%, unexposed co-twin) and of
the twin-pair tetrachoric correlation
(r=0.47). We then estimated the mini-
mum OR=pE(1−pE)/pU(1−pU), such
that a difference between the preva-
lence in the exposed twin and the un-
exposed co-twin would be detected with
80% power given a sample of 311 twin
pairs at the .01 significance level, with

Table 1. Men, Women, and the Total Sample of Discordant Twins Who Met Criteria for Drug Abuse and Dependence*

Drug

Men (n = 306) Women (n = 316) Total (N = 622)

Abuse Dependence
Abuse/

Dependence Abuse Dependence
Abuse/

Dependence Abuse Dependence
Abuse/

Dependence

Cannabis 57 (18.6) 96 (31.4) 153 (50.0) 23 (7.3) 65 (20.6) 88 (27.9) 80 (12.9) 161 (25.9) 241 (38.7)

Sedatives 2 (0.7) 4 (1.3) 6 (2.0) . . . 5 (1.6) 5 (1.6) 2 (0.3) 9 (1.5) 11 (1.8)

Cocaine/stimulants 13 (4.2) 23 (7.5) 36 (11.8) 4 (1.3) 13 (4.1) 17 (5.4) 17 (2.7) 36 (5.8) 53 (8.5)

Opioids 2 (0.7) 6 (2.0) 8 (2.6) . . . 6 (1.9) 6 (1.9) 2 (0.3) 12 (1.9) 14 (2.3)

Any illicit drug 56 (18.3) 101 (33.0) 157 (51.3) 22 (7.0) 71 (22.5) 93 (29.4) 78 (12.5) 172 (27.7) 250 (40.2)

Alcohol . . . 137 (44.8) . . . . . . 88 (27.9) . . . . . . 225 (36.2) . . .

*Data are presented as No. (%). Ellipses indicate not applicable.
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pU and r fixed at their observed values.
Our results indicate that power would
be 80% or better for an OR greater than
1.7 for 5 measures: hallucinogen use,
cocaine/stimulant use, cannabis abuse/
dependence, any abuse or depen-
dence, and alcohol dependence. Power
was over 80% for an OR greater than
2.5 for the measures sedative use, opi-
oid use, and cocaine/stimulant abuse or
dependence. Power was low under the
reasonable range of OR for the mea-
sures sedative abuse/dependence and
opioid abuse/dependence.

RESULTS
Rates of concordance for early canna-
bis use (before age 17 years) among the
full interview sample (2765 pairs; see
Figure) were significantly higher in
monozygotic than dizygotic twin pairs
for both men (65 concordant and 88
discordant monozygotic pairs vs 59
concordant and 110 discordant dizy-
gotic pairs, �2

1= 7.92, P = .005) and
women (61 concordant and 98 discor-
dant monozygotic pairs vs 44 concor-
dant and 111 discordant dizygotic pairs,
�2

1= 7.80, P = .005), indicating heri-
table influences on age of initiation of
cannabis use. The first 2 columns of
TABLE 2 show estimates of the lifetime
prevalence of drug use and drug abuse/
dependence for those initiating canna-
bis use before age 17 years and for their

co-twins (who either reported no life-
time cannabis use or who reported ini-
tiating cannabis use at age 17 years or
older). The majority of subjects report-
ing both cannabis and other illicit drug
use reported initiating cannabis use be-
fore initiating the use of other drugs.
Three individuals reported initiating
sedative use before cannabis use, 6 in-
dividuals initiated hallucinogen use, 5
initiated stimulant use, and 3 initiated
opioid use before the use of cannabis.
These individuals were excluded from
the analyses. Table 2 also shows the
conditional ORs, both unadjusted and
adjusted for major risk factors, for the
drug use outcomes. The results in Table
2 can be summarized as follows:

1. Relative to their co-twins who had
not used cannabis by age 17 years, those
who had used cannabis by this age had
elevated lifetime rates of other drug use,
illicit drug abuse/dependence, and al-
cohol dependence.

2. The unadjusted conditional ORs
indicated that in individuals who ini-
tiated cannabis use before age 17 years,
the odds of other drug use, alcohol de-
pendence, and other drug abuse/
dependence were 2.1 to 5.2 times higher
than in their co-twins who did not re-
port early cannabis use. In all but 1
comparison (sedative abuse/depen-
dence), these associations were statis-
tically significant.

3. Controlling for known risk fac-
tors for later drug use and drug abuse/
dependence had only negligible ef-
fects. Specifically, after such adjustment,
relative to their discordant co-twins,
those who had used cannabis before age
17 years had significantly elevated rates
of 9 of the 10 outcomes. The nonsig-
nificant association between early can-
nabis use and sedative abuse/depen-
dence is likely to be a reflection of
reduced statistical power due to the low
base rate of this outcome.

The final column of Table 2 shows
the significant or marginally signifi-
cant (P�.10) predictors of each out-
come. While covariates differed be-
tween equations, early regular use of
tobacco and alcohol emerged as the 2
factors most consistently associated
with later illicit drug use and abuse/ de-
pendence. While early regular alcohol
use did not emerge as a significant in-
dependent predictor of alcohol depen-
dence, this finding should be treated
with considerable caution, as our study
did not provide an optimal strategy for
assessing the effects of early alcohol use.

Analyses Restricted to Those
Reporting Lifetime Cannabis Use
Our analysis found that 24.8% of twins
in pairs discordant for early cannabis use
in fact reported no lifetime cannabis use.
Toexamine theextent towhich theasso-

Table 2. Drug Use Outcomes in Twin Pairs Discordant for Cannabis Use Before Age 17 Years (N = 311 Pairs)

Lifetime Prevalence

Unadjusted Conditional
OR (95% CI)

Conditional OR Adjusted
for Covariates

Early Cannabis
Users, No. (%)

Co-twins,
No. (%) OR (95% CI)

Significant
Covariates*

Use
Sedatives 59 (19.0) 26 (8.4) 2.83 (1.66-4.85) 2.28 (1.20-4.31) 1, 3, 4

Hallucinogens 110 (35.4) 56 (18.0) 5.15 (2.85-9.33) 5.15 (2.85-9.33) . . .

Cocaine/stimulants 149 (47.9) 82 (26.4) 4.19 (2.60-6.75) 4.06 (2.30-7.17) 1, 2, 4

Opioids 42 (13.5) 20 (6.4) 2.57 (1.39-4.77) 2.34 (1.13-4.85) 4

Illicit drug abuse/dependence
Cannabis 142 (45.7) 99 (31.8) 2.13 (1.45-3.13) 1.96 (1.25-3.09) 1, 2, 5

Sedatives 8 (2.6) 3 (1.0) 2.67 (0.71-10.05) 2.67 (0.71-10.05) . . .

Cocaine/stimulants 39 (12.5) 14 (4.5) 4.13 (1.91-8.93) 3.98 (1.73-9.17) 3

Opioids 11 (3.5) 3 (1.0) 3.67 (1.02-13.14) 3.67 (1.02-13.14) . . .

Any illicit drug abuse/dependence 148 (47.6) 102 (32.8) 2.24 (1.52-3.30) 1.98 (1.26-3.10) 1, 2, 5

Alcohol dependence 133 (42.8) 92 (29.6) 2.17 (1.46-3.24) 1.85 (1.21-2.83) 3, 4
Abbreviations: CI, confindence interval; OR, odds ratio.
*For significant covariates, 1 indicates early (before age 17 years) regular use of tobacco; 2, early (before age 17 years) regular use of alcohol; 3, conduct disorder; 4, major de-

pression; and 5, social anxiety. Ellipses indicate that there were no significant covariates for the outcome.
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ciations inTable2mayhavebeenrelated
to risks associated with any cannabis use
rather than early cannabis use, these
analyses were replicated with the sample
restricted to those who reported life-
time cannabis use (54 monozygotic
femalepairs, 53monozygoticmalepairs,
56 dizygotic female pairs, 71 dizygotic
male pairs). The results of these analy-
ses, showninTABLE 3,werebroadlycon-
sistent with the previous results. In par-
ticular, before adjustment for covariates,
early use remained a significant predic-
tor of all but 1 of the outcomes (seda-
tive abuse/dependence) among twin
pairs concordant for lifetime cannabis
use but where 1 twin reported initia-
tion of cannabis use before age 17 years
and the other did not. After statistical
control for measured risk factors, early
use was not a significant predictor of
sedative abuse/dependence, and there
was only a marginally significant asso-
ciation (P=.06) between early initia-
tion of cannabis use and subsequent
abuse/dependence on cannabis.

Subsidiary Analyses
Separate analyses of monozygotic- and
dizygotic-discordant pairs were con-
ducted in which early cannabis use was
defined as use before age 15 years, be-
fore age 16 years, and before age 18
years. The results of these analyses con-

firmed the previous conclusions. For all
definitions of early cannabis use, indi-
viduals who initiated cannabis use at an
early age had elevated odds of later drug
use and abuse/dependence relative to
their discordant co-twin.

COMMENT
The results of our co-twin control analy-
ses indicated that early initiation of can-
nabis use was associated with signifi-
cantly increased risks for other drug use
and abuse/dependence and were con-
sistent with early cannabis use having a
causal role as a risk factor for other drug
use and for any drug abuse or depen-
dence. Individuals who used cannabis
before age 17 years had a 2.3- to 3.9-
fold increase in odds of other drug use
and a 1.6- to 6.0-fold increase in odds
of alcohol dependence and other drug
abuse/dependence, relative to their co-
twin who had not used cannabis by age
17 years, regardless of whether or not
the pair were monozygotic. Alterna-
tively, there may be unmeasured envi-
ronmental influences not shared by
membersofa twinpair that increaserisks
both of early cannabis use and of other
drug use or abuse/dependence. We con-
sider this less plausible, since twin pairs,
having been reared in the same house-
hold, would be expected to be highly
concordant for environmental experi-

ences. Unmeasured family background
risk factors or heritable risk factors can-
not explain the observed association,
since twin pairs will share the same fam-
ily background, and monozygotic pairs
the same genetic risk factors.

Potential limitations of this study in-
clude the reliance on self-report and ret-
rospective data, and the lack of data
about ages at progression to more fre-
quent use or onset of problems. Age of
first use was obtained earlier in our in-
terview than the assessment of drug use
problems to minimize recall biases; and
the associations with early cannabis use
that we observed in this twin pair
sample have previously been reported
in prospective studies.16-19 An associa-
tion due to underreporting of drug use
by 1 twin seems implausible, since
cannabis use, even by self-report, was
highly prevalent and some use at least
would be considered normative for this
birth cohort in Australia, and since sig-
nificant associations remained when
analyses were limited to pairs concor-
dant for lifetime cannabis use. It is also
unlikely that we are observing only de-
layed onset of other drug use or drug
abuse/dependence, rather than lower
lifetime rates in the co-twins, since the
median age of the sample (30 years) is
considerably higher than typical ages
of onset of drug use and drug abuse/

Table 3. Drug Use Outcomes in Twin Pairs Discordant for Cannabis Use Before Age 17 Years With Sample Restricted to Those Reporting
Lifetime Cannabis Use (N = 234 Pairs)

Lifetime Prevalence

Unadjusted Conditional
OR (95% CI)

Conditional OR Adjusted
for Covariates

Early Cannabis
Users, No. (%)

Co-twins,
No. (%) OR (95% CI)

Significant
Covariates*

Use
Sedatives 46 (19.7) 20 (8.5) 3.00 (1.60-5.62) 3.33 (1.53-7.23) 1, 4

Hallucinogens 94 (40.2) 56 (23.9) 3.92 (2.13-7.21) 3.92 (2.13-7.21) . . .

Cocaine/stimulants 123 (52.6) 81 (34.6) 3.00 (1.83-4.92) 3.05 (1.75-5.33) 1, 2

Opioids 33 (14.1) 17 (7.3) 2.33 (1.19-4.59) 2.40 (1.05-5.49) 4

Illicit drug abuse/dependence
Cannabis 121 (51.7) 99 (42.3) 1.58 (1.05-2.37) 1.57 (0.98-2.52) 1, 2, 5

Sedatives 6 (2.6) 1 (0.4) 6.00 (0.72-49.83) 6.00 (0.72-49.83) . . .

Cocaine/stimulants 36 (15.4) 13 (5.6) 4.29 (1.88-9.76) 3.79 (1.60-9.01) 3

Opioids 10 (4.3) 2 (0.9) 5.00 (1.10-22.82) 5.00 (1.10-22.82) . . .

Any illicit drug abuse/dependence 127 (54.3) 100 (42.7) 1.75 (1.16-2.64) 1.76 (1.08-2.84) 1, 2, 5

Alcohol dependence 109 (46.6) 79 (33.8) 2.03 (1.30-3.17) 1.85 (1.21-2.83) 3, 4
Abbreviations: CI, confidence interval; OR, odds ratio.
*For significant covariates, 1 indicates early (before age 17 years) regular use of tobacco; 2, early (before age 17 years) regular use of alcohol; 3, conduct disorder; 4, major

depression; and 5, social anxiety. Ellipses indicate that there were no significant covariates for the outcome.
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dependence.33 For example, more than
95% of cannabis users in our total
sample reported onset of marijuana use
by age 24 years, the youngest age rep-
resented in the sample. Our estimates
of the lifetime use of cannabis and other
drugs are high but are consistent with
those reported by other large-scale epi-
demiological surveys of drug use in
Australia.34 Further, a recent study of
cannabis use in a US national twin
sample concluded that twin studies of
substance use are unlikely to be bi-
ased and that findings from such stud-
ies can be generalized to other (non-
twin) family relationships.35 The relative
crudeness of our measure of exposure
(any use before age 17 years as op-
posed to frequent, heavy, or problem
use) makes the findings of an associa-
tion even more remarkable.

If the association with early canna-
bis use is indeed causal, the mecha-
nisms by which this association arises
remain unclear. Pharmacological mecha-
nisms might be hypothesized in which
it is assumed that exposure to cannabis
induces subtle biochemical changes that
encourage drug-taking behavior.36 This
hypothesis is supported to some extent
by recent findings that �9-tetrahydro-
cannabinol and heroin have similar ef-
fects on dopamine transmission through
a common µ1 opioid receptor mecha-
nism37 and that chronic treatment with
�9-tetrahydrocannabinol induces cross-
tolerance to amphetamine38 and opi-
oids38,39 in rats. However, an argument
against such biological hypotheses is that
the levels of cannabis use at the begin-
ning of drug-using careers are substan-
tially lower than the equivalents used in
laboratory-based research and perhaps
too low to induce long-term biochemi-
cal changes.

Other mechanisms that might me-
diate a causal association between early
cannabis use and subsequent drug use
and drug abuse/dependence include the
following:

1. Initial experiences with canna-
bis, which are frequently rated as plea-
surable,40 may encourage continued use
of cannabis and also broader experi-
mentation.

2. Seemingly safe early experiences
with cannabis may reduce the per-
ceived risk of, and therefore barriers to,
the use of other drugs. For example, as
the vast majority of those who use can-
nabis do not experience any legal con-
sequences of their use, such use may
act to diminish the strength of legal
sanctions against the use of all drugs.

3. Alternatively, experience with and
subsequent access to cannabis use may
provide individuals with access to other
drugs as they come into contact with
drug dealers.41 This argument pro-
vided a strong impetus for the Nether-
lands to effectively decriminalize can-
nabis use in an attempt to separate
cannabis from the hard drug market.12

This strategy may have been partially
successful as rates of cocaine use among
those who have used cannabis are lower
in the Netherlands than in the United
States.42

While the findings of this study in-
dicate that early cannabis use is associ-
ated with increased risks of progres-
sion to other illicit drug use and drug
abuse/dependence, it is not possible to
draw strong causal conclusions solely on
the basis of the associations shown in
this study. Further research in other cul-
tures and using a range of innovative re-
search designs (including evaluation of
prevention efforts aimed at delaying the
onset of cannabis use) is needed to ex-
plore whether there is a causal link be-
tween early cannabis use and progres-
sion to other drug use and, if so, to
elucidate the mechanisms that may un-
derlie any such causal association.

Regardless of the mechanisms under-
lying these associations, it is apparent
that young people who initiate canna-
bis use at an early age are at heightened
risk for progressing to other drug use and
drug abuse/dependence. In addition to
cannabis dependence, the health risks
associated with chronic cannabis use
may include chronic bronchitis, im-
paired lung function, and increased risks
of cancers of the aerodigestive tract.4

Given historical increases in the use of
cannabis and other drugs,1,2 it is prob-
able that more individuals will experi-
ence these adverse consequences and

there will be an increasing need to de-
velop strategies both to prevent and to
ameliorate the adverse consequences of
chronic drug use. Given that early ini-
tiation of use may be associated with in-
creased risks both for progressing to the
use of other drugs and for developing
drug abuse/dependence, there is a need
for greater physician awareness of those
risks associated with early use. There is
also a need to develop focused interven-
tions to prevent escalation to use of other
drugs among young people identified as
being at risk due to their early initia-
tion of cannabis use.
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