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ABSTRACT

Aims To determine (1) the prospective associations of conduct problems during early adolescence with tobacco, alcohol
and cannabis use in young adulthood and (2) to what extent these associations are due to overlapping genetic versus environmental inﬂuences. Design A prospective twin study using biometric twin modelling. Setting Finland.
Participants A total of 1847 Finnish twins (943 males and 904 females) were interviewed in early adolescence, 73%
of whom (n = 1353, 640 males and 713 females) were retained in young adulthood. Measurements Symptom counts
of conduct disorder (CD) criteria were obtained from a semi-structured clinical interview in early adolescence [age 14–15
years, mean = 14.2, standard deviation (SD) = 0.15]. Frequency of alcohol, tobacco and cannabis use was obtained from a
semi-structured clinical interview in young adulthood (age 19.9–26.6 years, mean = 22.4, SD = 0.7). Findings We
found modest to moderate phenotypical correlations (r = 0.16–0.35) between early adolescent CD symptoms and substance use in young adulthood. In males, the phenotypical correlations of CD symptoms with all three substance use variables are explained largely by overlapping genetic inﬂuences. In females, overlapping shared environmental inﬂuences
predominantly explain the phenotypical correlation between CD symptoms and tobacco and cannabis use.
Conclusions Conduct disorder symptoms in early adolescence appear to moderately predict substance use in early adulthood. In males, genetic inﬂuences seem to be most important in explaining the relationship between conduct disorder
symptoms and substance use whereas in females, shared environmental inﬂuences seem to be most important.
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INTRODUCTION
Adolescence is a period in which many youth initiate the
use of psychoactive substances. To illustrate, between ages
15 and 21 years a sharp increase is seen in the incidence of
alcohol, tobacco and cannabis use, with estimates of, respectively, 90, 70 and 25–50% in American and European
21-year-olds [1]. Increased levels of substance use are
associated with problems later in life, including poor
© 2016 Society for the Study of Addiction

educational performance, health problems and substance
use disorders [2–5].
Early conduct problems, including aggression towards
people or animals, destruction of property, deceitfulness
or theft and serious violations of rules [6], have been associated with various measures of substance use later in life.
For instance, White et al. [7] found that higher levels of
conduct problems among boys in early adolescence predict
higher levels of alcohol and marijuana use from ages 13 to
Addiction, 111, 1036–1045
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18. In addition, Elkins et al. [8] reported that endorsing
conduct symptoms by age 11 predicts initiation of tobacco,
alcohol and illicit drug use, and that a diagnosis of conduct
disorder (CD) between ages 11 and 14 predicts all three
types of substance use disorders by age 18. The established
association between conduct problems and substance use
may be explained by a common aetiology.
Twin studies represent an adequate method to test for
common aetiology by determining the extent to which genetic and environmental factors are shared by two or more
traits. For both conduct problems and substance use, the
contribution of genetic and environmental factors has been
demonstrated. With regard to conduct problems, moderate
heritability has been shown, with reported estimates
ranging from 0.31 to 0.61 [9–11]. Heritability estimates
of substance use have been found to vary across stages
of substance use involvement, with the strongest genetic
inﬂuences for heavier stages of substance use [12,13].
For persistent smoking and life-time cannabis use,
meta-analyses point towards moderate heritability, with
estimates of 0.46 in females and 0.59 in males for persistent smoking [14] and 0.40 in females and 0.48 in
males for cannabis use [13]. For level of alcohol consumption, genetic factors also appear to have a moderate inﬂuence, with estimates of approximately 0.50
[15,16].
Previous twin research to understand the phenotypical
association between CD and substance use involvement
has focused mainly on substance use disorders (e.g.
[17–19]). However, studies testing the extent to which
the association between conduct problems and level of
substance use is due to overlapping genetic or environmental inﬂuences are relatively scarce. In a cross-sectional
study, Miles et al. found that the moderate phenotypical
correlation (r = 0.38 in males and 0.31 in females)
between CD and marijuana use in adolescents was due to
overlapping genetic and unique environmental inﬂuences
on both phenotypes, while shared environmental inﬂuences explained only marijuana use [10]. The use of longitudinal data provides the opportunity to also study early
manifestations of genetic and environmental inﬂuences
potentially underlying future substance use. In this way,
genetically informative designs can improve our understanding of how the relationship between conduct problems and substance use unfolds over time, elucidating
further the mechanisms underlying the development of
substance use behaviour. For instance, Korhonen et al.
[20] found that part of the additive genetic and shared environmental factors underlying externalizing behaviour in
early adolescence is also involved in smoking behaviour
at age 14 and illicit drug use by age 17. Similarly, Silberg
et al. [21] demonstrated that early conduct disturbance is
related to mid-adolescent substance use through common
genetic and shared environmental risk factors.
© 2016 Society for the Study of Addiction

1037

In this study, we used data on conduct problems and
substance use from a large sample of Finnish twins, collected with structured interviews at two time-points covering the crucial period from early adolescence (age 14)
to young adulthood (ages 19–26). Detailed information
was available on CD symptoms and levels of use of the
three most commonly used psychoactive substances: tobacco, alcohol and cannabis. The aims of this study were
to determine (1) the prospective associations of conduct
problems during early adolescence with tobacco, alcohol
and cannabis use in young adulthood and (2) the extent
to which these associations were due to overlapping
genetic and environmental inﬂuences. This information
guides further research into the speciﬁc genetic and
environmental origins of the shared liability for conduct
problems and substance use, which may contribute to
the development of effective prevention or intervention
programmes targeting substance use in adolescence and
young adulthood.

METHODS
Participants
The study sample consisted of identical (monozygotic; MZ)
and non-identical (dizygotic; DZ) Finnish twins, participating in the FinnTwin12 (FT12) study. FT12 is a populationbased twin study that consists of ﬁve consecutive birth
cohorts (1983–7) [22]. The Central Population Registry
was used to identify families with twins. A total of 2724
families (87% of all identiﬁed eligible families) returned
the family questionnaire, and from these families, 2567
twin pairs completed the baseline questionnaires [23].
For the current study, data were used from an intensive
subsample of FT12, consisting of (1) a sample drawn randomly from the 1983 cohort, with the exclusion of those
living in the most remote rural areas of Finland (13%),
(2) a random sample from the 1984–7 cohorts (59%)
and (3) all remaining twins from the 1984–7 cohorts at elevated familial risk for alcohol problems based on parental
reports of alcohol use (28%) [17]. Previously it was shown
that the modest sample enrichment for familial alcohol use
did not affect systematically the genetic and environmental
variance components for various behavioural variables, including measures of drinking frequency, smoking initiation
and behaviour problems [17]. The intensive subsample included 1035 twin pairs who were invited to complete a full
psychiatric face-to-face interview in early adolescence (age
14) and young adulthood (ages 19–26). At age 14, 90% of
the twins completed the assessment [17,22] and at age
19–26, 73% of the twins studied at age 14 were retained.
Attrition was not selective on early adolescent conduct
problems or substance use in early or mid-adolescence
(all P-values > 0.05).
Addiction, 111, 1036–1045
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Measures
Conduct problems
At age 14, face-to-face interviews were conducted using a
translated version of the Child Semi-Structured Assessment
for the Genetics of Alcoholism, Adolescent version
(C-SSAGA-A). This polydiagnostic instrument marks lifetime diagnoses on a variety of psychiatric disorders, including CD, based on the criteria of the Diagnostic and Statistical
Manual of Mental Disorders (DSM)-IIIR [24]. For this
study, symptom counts of 13 CD criteria were categorized
into no conduct problems, some conduct problems
(endorsement of one or two symptoms) and three or more
conduct symptoms.
Tobacco, alcohol and cannabis use
In young adulthood, the translated adult version of the
SSAGA, a comprehensive, semi-structured interview to assess substance dependence and related psychiatric disorders, was administered [25]. The ﬁrst questions of the
substance use sections were developed to assess life-time
use and frequency of use of tobacco, alcohol and cannabis.
For this study, frequency of tobacco use was deﬁned as the
number of events per day, including cigarettes, cigars, pipes
and snus (a Swedish type of smokeless tobacco). Four categories of daily tobacco use were distinguished, ranging
from no daily tobacco use to 11 or more cigarettes, cigars,
pipes or snus portions a day. Alcohol use was deﬁned as the
typical number of drinks a week, including beer, wine,
spirits and other alcoholic drinks. Five categories of alcohol
use were distinguished, ranging from no/low levels of alcohol use (fewer than three alcoholic drinks a week) to high
levels of use (15 or more drinks a week). Cannabis use

was categorized as no life-time use of cannabis, one to
two times used during life-time and life-time cannabis use
of three times or more. For each substance, the number
of categories was based on the distribution of the frequency
of use. Table 1 presents the categories for each substance.
Statistics
Genetic model ﬁtting
We used the classical twin design to separate the variance
in conduct symptoms during early adolescence and use of
tobacco, alcohol and cannabis in young adulthood into
that due to additive genetic (A), shared (family) environmental (C) and residual (E) inﬂuences (see [26,27]). A represents the variance resulting from the sum of allelic effects
across all segregating genes. C refers to environmental inﬂuences that have the effect of making twins more similar
to one another, such as shared home environment, parenting style and residential area. The E term includes environmental inﬂuences that have the effect of making twins
different from one another and stochastic biological effects,
as well as measurement error. These variance components
can be estimated because MZ twins share all their genetic
variation, while DZ twins share, on average, 50% of their
segregating genetic variation. If the variances in a phenotype were due completely to genetic variance, we would expect a twin pair correlation of 1.0 for MZ twins and 0.5 for
DZ twins. Both MZ and DZ twin pairs share the C inﬂuences, so if C were the only source of variance we would expect a twin pair correlation of 1.0 for both MZ and DZ pairs.
E factors are unique for each individual, so if E were the
only source of variance, we would expect a twin-pair correlation of zero for both MZ and DZ pairs. In reality,

Table 1 Descriptive statistics on the levels of conduct problems in early adolescence and substance use in young adulthood.
Prevalence
Phenotype

Conduct

Tobacco

Alcohol

Cannabis

Response categories

0
1
2
0
1
2
3
0
1
2
3
4
0
1
2

© 2016 Society for the Study of Addiction

No symptoms
1–2 symptoms
3 or more symptoms
No tobacco use
1–5 cigarettes per day
6–10 cigarettes per day
11 or more cigarettes per day
0–2.5 drinks per week
3–4.5 drinks per week
5–8.5 drinks per week
9–14.5 drinks per week
15 or more drinks per week
Never used
Used 1–2 times in lifetime
Used 3 times or more in life-time

Males

Females

451 (48.2%)
346 (37.0%)
138 (14.8%)
256 (40.6%)
62 (9.8%)
155 (24.6%)
158 (25.0%)
89 (14.0%)
72 (11.4%)
93 (14.7%)
189 (29.8%)
191 (30.1%)
435 (69.0%)
87 (13.8%)
108 (17.1%)

574 (63.7%)
251 (27.9%)
76 (8.4%)
380 (53.8%)
116 (16.4%)
135 (19.1%)
75 (10.6%)
188 (26.6%)
131 (18.5%)
232 (32.8%)
123 (17.4%)
33 (4.7%)
535 (76.1%)
79 (11.2%)
89 (12.7%)

Addiction, 111, 1036–1045
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phenotypical variance is due generally to a combination of
A, C and E inﬂuences and structural equation modelling is
used to determine the combination of inﬂuences that
matches the observed data most accurately.
In the same way, the cross-twin cross-trait correlations
(CTCT; e.g. the correlation between conduct problems of
twin 1 and cannabis use of twin 2) are used to partition
the covariance between conduct symptoms and use of tobacco, alcohol and cannabis into A, C and E inﬂuences.
When the CTCT correlation is higher for MZ twins than
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for DZ twins, this indicates that part of the phenotypical
correlation between the two traits is due to overlapping genetic inﬂuences. A parallel logic follows for the interpretation of C and E paths that contribute to the covariance
between the traits. To model this, we ﬁtted a multivariate
Cholesky decomposition with the four phenotypes, in
which we estimated A, C and E contributions to each of
the variables as well as the A, C and E contributions to
the phenotypical covariation between the phenotypes. In
this way we obtained a measure of overlap in the genetic

Figure 1 Multivariate Cholesky decomposition. The boxes represent the observed variables and the circles represent the latent variables that inﬂuence the observed variables. A, C and E denote latent genetic, shared environmental and residual inﬂuences, respectively. A1 represents the genetic
inﬂuences on CD symptoms, and the cross-paths from A1 to tobacco, alcohol and cannabis use indicate the extent to which these genetic inﬂuences
are shared with each substance use trait. A2, A3 and A4 represent genetic inﬂuences on tobacco, alcohol and cannabis use that are not shared with
CD symptoms. Cross-paths from A2 to alcohol and cannabis use and from A3 to cannabis use capture the covariation between these substance use
traits. The same structure applies for the C and E factors. Dashed lines indicate non-signiﬁcant pathways (P > 0.05). Note that the pathways from E1
to CD symptoms, E2 to tobacco use, E3 to alcohol use and E4 to cannabis use were not tested for signiﬁcance; these pathways cannot be dropped
from the model, as measurement error is always present
© 2016 Society for the Study of Addiction
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Figure 1 (Continued)

and environmental variation underlying conduct symptoms during adolescence and the use of substances in
young adulthood.
Structural equation modelling of twin data is performed
in the ﬂexible matrix algebra program Mx [28], which employs maximum likelihood modelling procedures. We ﬁtted
models to the raw ordinal data, where it is assumed that a
normally distributed continuum of liability underlies the
observed categories of the variables. Age and sex effects
on the phenotypes were accounted for. The goodness-ofﬁt of a model is summarized by a statistic distributed as
χ 2. By testing the change in model ﬁt (Δχ 2) against the
change in degrees of freedom (Δdf), we tested whether
constraining parameters to zero or constraining them to
be equal across groups worsened the model ﬁt signiﬁcantly.
In this way we tested the signiﬁcance of each pathway in
the model.
© 2016 Society for the Study of Addiction

RESULTS
Descriptive statistics
The ﬁnal study sample included 1847 twin individuals
(943 males and 904 females) with data on at least one variable. Participants were aged between 14.0 and 15.0 years
at the time of the ﬁrst survey [mean = 14.2, standard deviation (SD = 0.15) and between 19.9 and 26.6 at the second survey (mean = 22.4, SD = 0.7)]. At the second
survey, 73% of the 1847 twins were retained (N=1353,
640 males and 713 females). The overall sample included
910 complete twin pairs (181 MZ males, 184 MZ females,
152 DZ males, 128 DZ females and 265 DZ opposite-sex
pairs) and 27 single twins whose co-twin did not participate. Single twins were included because they contribute
to the estimation of the thresholds. Note that sample sizes
differ per variable. Table 1 shows the descriptive statistics
Addiction, 111, 1036–1045
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for conduct symptoms and each of the substance use
variables.
Preliminary analyses
Before estimating the variance components, the effects of
sex, age and zygosity on the thresholds of each variable
were tested using an α-level of 0.01. Levels of conduct
symptoms and substance use did not differ signiﬁcantly between MZ and DZ twins in either sex. We found a signiﬁcant sex effect on the thresholds for conduct problems,
alcohol and tobacco use (all P < 0.001, respectively), indicating that males report more conduct problems and use
more alcohol and tobacco than females. No signiﬁcant
sex effects were found for cannabis use, suggesting no differences in levels of cannabis use between sexes. No significant age effects were found for any of the variables. In
subsequent genetic analyses thresholds were estimated
separately for males and females, and age was included
as a covariate.
Table 2 shows the polychoric twin pair correlations for
each zygosity group. For each variable, the MZ twin pair
correlations were higher than the DZ twin pair correlations, suggesting the inﬂuence of genetic factors.
Genetic modelling
We ﬁrst ﬁtted general sex-limitation models for each of the
variables, allowing for qualitative and quantitative differences in the sources of variation between the sexes. Subse-
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quently, we ﬁtted common effects sex-limitation models,
which only allow for quantitative sex differences in the variance components. Comparing the model ﬁt between these
models indicated no signiﬁcant deterioration in ﬁt for any
of the traits (all P > 0.05), implying no differences in the
source of genetic variation between males and females.
We then tested for quantitative sex differences by
constraining the variance estimates to be equal across
sexes. Male and female path estimates could not be equated
for conduct disorder (Δχ 2(2) = 10.04, P = 0.007). Therefore,
in subsequent modelling we estimated the variance components separately for males and females.
Table 3 shows the A, C and E estimates as obtained from
the univariate common effects sex-limitation models. Genetic inﬂuences on conduct symptoms are 38% for males
and 81% for females, whereas genetic inﬂuences on the
substance use phenotypes range from 31 to 61%. Shared
environmental inﬂuences play a role in some traits; C explains approximately 20% of the individual difference in
conduct symptoms in males, and between 0% (for alcohol
use, both sexes) and 47% (for cannabis use in males) in
the different substance use variables.
Table 4 shows the phenotypical correlations between
conduct symptoms and the three substance use variables
as well as the cross-twin cross-trait (CTCT) correlations
(e.g. correlation of conduct symptoms of twin 1 with alcohol use of twin 2). We found signiﬁcant modest to moderate phenotypical correlations between conduct symptoms
in early adolescence and all three measures of substance

Table 2 Polychoric twin pair correlations (and 95% conﬁdence intervals) for conduct symptoms and alcohol, cannabis and tobacco use,
estimated in Mx (corrected for age and sex effects).
Zygosity

n pairs

Conduct symptoms

Tobacco use

Alcohol use

Cannabis use

MZ M
DZ M
MZ F
DZ F
DZ OS

113–178
85–151
145–183
98–128
168–262

0.60 (0.46; 0.71)
0.39 (0.21; 0.55)
0.83 (0.73; 0.89)
0.51 (0.30; 0.68)
0.33 (0.16; 0.48)

0.81 (0.71; 0.88)
0.45 (0.21; 0.64)
0.77 (0.66; 0.84)
0.55 (0.33; 0.70)
0.55 (0.39; 0.68)

0.53 (0.36; 0.66)
0.26 (0.02; 0.46)
0.48 (0.32;0.60)
0.21 (-0.01; 0.41)
0.29 (0.12; 0.43)

0.79 (0.63; 0.89)
0.63 (0.36; 0.80)
0.73 (0.52; 0.86)
0.52 (0.23; 0.73)
0.47 (0.27; 0.63)

F = female; M = male; MZ = monozygotic; DZ = dizygotic; OS = opposite sex.

Table 3 Estimates of the standardized genetic (A), shared environmental (C) and residual variance (E) components for conduct symptoms
and tobacco, alcohol and cannabis use as obtained from univariate twin models (95% conﬁdence intervals between brackets).
Males

Females

Phenotype

Conduct
symptoms
Tobacco use
Alcohol use
Cannabis use

A

C

E

A

C

E

0.38 (0.00; 0.72)

0.21 (0.00; 0.56)

0.41 (0.28; 0.55)

0.81 (0.25; 0.89)

0.02 (0.00; 0.54)

0.17 (0.11; 0.26)

0.61 (0.29; 0.83)
0.51 (0.05; 0.66)
0.31 (0.00; 0.83)

0.20 (0.01; 0.49)
0.02 (0.00; 0.41)
0.47 (0.00; 0.81)

0.19 (0.12; 0.29)
0.47 (0.34; 0.63)
0.21 (0.11; 0.38)

0.43 (0.09; 0.76)
0.47 (0.05; 0.60)
0.57 (0.00; 0.83)

0.34 (0.04; 0.64)
0.01 (0.00; 0.36)
0.17 (0.00; 0.73)

0.23 (0.16; 0.33)
0.52 (0.40; 0.67)
0.26 (0.14; 0.49)

© 2016 Society for the Study of Addiction
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Table 4 Phenotypical and cross-twin cross-trait (CTCT) correlations of conduct symptoms with tobacco, alcohol and cannabis use (95%
conﬁdence intervals between brackets).

Phenotypical correlation males
Phenotypical correlation females
CTCT monozygotic males
CTCT dizygotic males
CTCT monozygotic females
CTCT dizygotic females
CTCT dizygotic opposite-sex

Tobacco use

Alcohol use

Cannabis use

0.25 (0.15; 0.35)
0.35 (0.25; 0.45)
0.22 (0.10; 0.34)
0.22 (0.07; 0.37)
0.32 (0.20; 0.43)
0.39 (0.24; 0.52)
0.20 (0.07; 0.32)

0.18 (0.08; 0.27)
0.16 (0.06; 0.25)
0.21 (0.08; 0.34)
0.09 (–0.07; 0.25)
0.16 (0.04; 0.27)
0.15 (–0.01; 0.30)
0.09 (–0.04; 0.21)

0.29 (0.18; 0.40)
0.33 (0.21; 0.44)
0.30 (0.16; 0.42)
0.18 (0.00; 0.34)
0.37 (0.24; 0.50)
0.39 (0.20; 0.55)
0.16 (0.02; 0.30)

use in young adulthood, ranging between 0.16 and 0.35.
The CTCT correlations provide a ﬁrst impression of the
extent to which the phenotypical correlations between
conduct symptoms and the substance use variables are
due to A, C and E (this is modelled formally below). For
males, the CTCT correlations appear higher for MZ twins
than for DZ twins for conduct-alcohol and conductcannabis, suggesting that overlapping genetic inﬂuences
may explain the phenotypical correlation. The CTCT correlation for conduct-tobacco use for males and all female
CTCT correlations appear comparable between MZ and
DZ twins, suggesting that the phenotypical correlations between these variables may be more inﬂuenced by shared
environmental factors.
Path coefﬁcients of the multivariate Cholesky decomposition can be found in Fig. 1 and results are summarized in
Table 5. To test the signiﬁcance of each path in the
Cholesky decomposition, genetic and environmental parameters were dropped from the model and model ﬁt was
compared with the full model using an α-level of 0.05. Because the parameter estimates here are based on multivariate relationships, the estimates may differ from the
estimates obtained in the univariate models and the expectations from the bivariate phenotypical correlations presented in Table 4.

Based on the multivariate Cholesky decomposition, we
obtained the contribution of A, C and E inﬂuences to the
phenotypical correlation between the traits (see Table 5).
Following the tracing rules of pathway analysis, the parameters in Fig. 1 can be converted into the A, C and E inﬂuences on each trait and the genetic and environmental
covariance between traits (also see [29]). For example,
the genetic covariance between conduct symptoms and tobacco use can be traced through the path from conduct to
A1 times the path from A1 to tobacco (i.e. for males:
0.76 × 0.21 = 0.16). The genetic correlation can then also
be calculated by dividing the genetic covariance between
two traits by the square root of the product of the genetic
variances of the two traits.
For males, the phenotypical correlation of conduct
symptoms with alcohol and cannabis use can be explained
mainly by overlapping A inﬂuences, whereas the phenotypical correlation between conduct symptoms and tobacco use is due predominantly to overlapping C
inﬂuences. For females, the phenotypical correlations between conduct symptoms and tobacco and cannabis use
are due predominantly to overlapping C inﬂuences. Although not signiﬁcant, the phenotypical correlation between conduct symptoms and alcohol use in females
seems to be explained mainly by A inﬂuences.

Table 5 Results from the multivariate Cholesky decomposition of conduct symptoms and tobacco, alcohol and cannabis use. Shown are
the standardized genetic (A), shared environmental (C) and residual variance (E) components for each trait as well as the phenotypical
correlations (Phen r) and the genetic, shared environmental and residual contribution to the phenotypical correlation between the traits.

Males

Females

Conduct
Tobacco
Alcohol
Cannabis
Conduct
Tobacco
Alcohol
Cannabis

Variance components

Phenotypical correlation with conduct disorder

A

C

E

Total Phen r

0.57
0.60
0.43
0.43
0.41
0.37
0.37
0.33

0.05
0.21
0.08
0.37
0.39
0.39
0.08
0.39

0.38
0.19
0.49
0.20
0.19
0.24
0.54
0.27

© 2016 Society for the Study of Addiction

A component of Phen r

C component of Phen r

E component of Phen r

0.26
0.17
0.30

0.16
0.23
0.28

0.08
0.03
0.02

0.01
0.03
0.00

0.35
0.18
0.33

0.03
0.15
0.09

0.36
0.05
0.30

0.03
0.03
0.06

Addiction, 111, 1036–1045
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DISCUSSION
Using a prospective, longitudinal twin design, we examined
the co-occurrence of early adolescent conduct problems
derived from structured face-to-face interviews and frequency of tobacco, alcohol and cannabis use in young
adulthood, also obtained from structured interviews. Furthermore, we determined the genetic and environmental
inﬂuences on the four phenotypes, and assessed the extent
to which genetic and environmental factors contribute to
the covariance between the phenotypes.
Results of the multivariate analyses showed that, in
males and females, both additive genetic effects and shared
environmental effects contribute to the variance in adolescent conduct problems and tobacco, alcohol and cannabis
use in early adulthood. Because the multivariate models include more information, the estimates obtained from the
multivariate analyses should be regarded as superior to the
univariate estimates. The heritability estimates for conduct
problems based on the multivariate models (57% in males,
41% in females) are roughly similar to previously reported
estimates in partly overlapping samples [17,20,30] and in
accordance with estimates from previous research [9–11].
Heritability estimates for tobacco (60% in males, 37% in females), alcohol (43% in males, 37% in females) and cannabis use (43% in males, 33% in females) are also broadly
comparable to estimates from previous studies [13–16].
Modest to moderate correlations (ranging from 0.16 to
0.35) were found between early conduct problems and
tobacco, alcohol and cannabis use in young adulthood.
These phenotypical correlations are broadly comparable
to earlier established correlations between externalizing/
conduct problems in early adolescence and later tobacco,
alcohol and other substance use [20,21]. Moderate correlations between conduct problems and cannabis use have
also been reported cross-sectionally [10]. This combination
of ﬁndings may suggest that the strength of the association
between early adolescent behavioural problems and subsequent substance use is not attenuated much over time.
Consistent with Korhonen et al. [20], who studied the
co-occurrence of early externalizing behaviour based on
teacher ratings, and mid-adolescent tobacco and drug
use in a partly overlapping sample, we found that common
genetic and shared environmental inﬂuences explained the
co-occurrence between adolescent conduct problems and
tobacco, alcohol and cannabis use in young adulthood.
More speciﬁcally, we found that shared environmental factors contribute to the association between adolescent conduct problems and subsequent tobacco and cannabis use
in females, and with tobacco use in males. Silberg et al.
[21] also indicated the importance of common shared environmental inﬂuences for conduct disturbance and substance use in both sexes. They further illustrated that
family dysfunction and afﬁliation with deviant peers are
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implicated in these shared environmental effects. According to Silberg et al., common genetic inﬂuences are also
involved in the co-occurrence of conduct problems and
substance use in both sexes [21]. This is in contrast to
our ﬁndings, where only in males can the co-occurrence
of conduct symptoms and substance use be explained
mainly by overlapping genetic inﬂuences. A highly heritable latent phenotype, generally referred to as ‘behavioural
disinhibition’ [31], may be implicated in these shared genetic effects. Based on the ﬁndings of the present study, this
trait seems of particular importance for understanding
conduct problems and substance use in males. Future research is needed to replicate the gender differences in the
causes of covariation between early conduct problems
and later substance use.
Our ﬁndings conﬁrm that the presence of conduct problems in early adolescence is an indicator of liability to substance use later in life. This ﬁnding adds to the literature on
precursors of substance use phenotypes, including externalizing behaviour [20], early age of alcohol use initiation
[32] and early cannabis use [33]. Knowledge on the precursors of substance use can guide the selection of highrisk youths for selective prevention programmes.
Our ﬁndings may also inform future genome-wide association (GWA) analyses that will help further elucidation of
the complex genetic architecture of conduct behaviour and
substance use. The overlapping genetic inﬂuences on CD
symptoms and substance use (especially in males) indicate
that genetic variants identiﬁed to play a role in conduct behaviour may also contribute to the genetic architecture of
vulnerability to externalizing behaviour in general, and
vice versa. Multivariate GWA studies could distinguish between genetic variants that are trait-speciﬁc versus those
that contribute to externalizing behaviour in general, and
this may deepen our understanding of the genetic aetiology
of these phenotypes.
Strengths of the present prospective study are the relatively large sample and the use of structured interviews
conducted by well-trained staff to assess conduct problems
and substance use. A feature that may limit the generalizability of the ﬁndings to the general population is the modest
oversampling for familial alcoholism risk. However, given
that the oversampling had no systematic effect on the estimates of the variance components for several risk-relevant
outcomes in early adolescence [17], we do not expect it
has affected our results strongly. In addition, although examining levels of use of the various substances as opposed
to life-time incidence is more informative in young adulthood, this approach assumes that the same factors inﬂuence no versus any use and any versus more frequent use.
Multi-stage modelling showed that there is a substantial
overlap in genetic and environmental factors inﬂuencing
earlier and later stages of substance use, but also that there
are factors that contribute speciﬁcally to later stages of use
Addiction, 111, 1036–1045
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[34,35]. Finally, although our data set is relatively large, the
power to discriminate between the different variance components was limited due to the use of a threshold model
(as necessitated by the highly skewed data) [36].
In conclusion, this study demonstrated that modest to
moderate correlations between early adolescent conduct
problems and frequency of tobacco, alcohol and cannabis
use in early adulthood can be explained by common genetic and shared environmental effects. Our ﬁndings point
in the direction of sex differences in the causes of covariation between early conduct problems and later substance
use frequency. Future research in genetically informative
samples is needed to replicate these sex differences. Moreover, as our ﬁndings imply that there may be common biological and environmental processes underlying early
adolescent conduct problems and later substance use, research directed at the identiﬁcation of the speciﬁc genetic
and environmental factors that underlie conduct problems
and substance use will improve our understanding of the
underlying mechanisms. This may eventually lead to better
prevention and treatment interventions.
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