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FIGURE 1. Distribution of attention-defi cit/hyperactivity disorder (ADHD) symptoms (Figure 1a) and autistic traits scores (Figure 1b). ADHD (Figure 1a) 
categories are defi ned by endorsement of no symptoms (1), one to two symptoms (2), and three or more symptoms (3). Autistic traits categories (Figure 1b) 
are defi ned by endorsement of DSM-IV–related autistic traits on a self-report measure with scores as follows: score of 0 (1), score of 1–2 (2), score of 3–5 
(3), and score of 6 or higher (4). Also shown in the fi gure are mean (standard deviation) age in years and proportion of men in each category.
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tangle the role of liability to ADHD and AT on use from 
their role in liability to disorder. Therefore, when never/light 
users were excluded from the data, any observed associations 
with SUD were not confounded with preexisting associations 
between ADHD, AT, and substance use.

Results

Sample characteristics

 Figure 1 shows the distribution of ADHD symptoms and 
AT scores. Also shown are mean ages and the proportion 
of males in each category of scores. Although there were 
no statistically signifi cant age differences across categories, 
for both ADHD and AT, those with higher scores were more 
likely to be male. ADHD symptoms and AT scores were 
correlated (r = .40, p < .0001). Of the full sample, 502 indi-
viduals endorsed no symptoms of ADHD and had AT scores 
of 0. Correspondingly, 268 individuals were in the highest 
category for both ADHD ( 3 symptoms) and AT (scores of 

6). Of those 639 individuals endorsing one to two ADHD 
symptoms, an approximately equal proportion (27%–30%) 
had AT scores ranging from 1 to 6 or more. For those with AT 
scores of 1–2, 18% and 14% reported one to two and three 
or more ADHD symptoms, respectively. Likewise, for those 
with AT scores between 3 and 5, 25% and 20% reported one 
to two and three or more ADHD symptoms, respectively.

Association of substance use and substance use disorders 
across groups

 Prevalence of tobacco, alcohol, and cannabis involvement 
in the full sample and across the categories of ADHD symp-
toms and AT is summarized in Table 1, and the correspond-
ing odds ratios, adjusted for sex, age, zygosity, and a lifetime 
history of conduct disorder, are presented in Table 2.

Lifetime tobacco use, regular smoking, and nicotine 
dependence

 There were no differences in the rate of ever smoking 
across the range of ADHD or AT scores. However, as ADHD 
as well as AT scores increased, so did rates of regular to-
bacco smoking and nicotine dependence. Those with ADHD 
symptoms or AT scores of 3 or more were more likely to 
report regular tobacco smoking and to meet criteria for 
nicotine dependence. The association with nicotine depen-
dence persisted even after we controlled for regular smok-
ing. Those with AT scores of 6 or more appeared to be at a 
somewhat greater likelihood of meeting criteria for nicotine 
dependence than those with three or more ADHD symptoms. 
However, these differences between the highest categories 
of ADHD and AT vulnerability no longer persisted when 
nicotine dependence was examined conditional on regular 
smoking.

TABLE 1. Frequency of tobacco-smoking, alcohol, and cannabis involvement as a function of ADHD symptoms and autistic traits 
scores in 3,080 Australian twins, ages 27–40 years

 Full sample
Variable (N = 3,080) 0 1–2 3 0 1–2 3–5 6

Smoking
 Ever smoked tobacco 86.4 85.5 87.3 88.4 86.5 86.1 85.4 87.9
 Regular tobacco smoking 41.5 36.9 44.9 51.1 32.8 38.4 44.1 51.2
 DSM-IV nicotine dependence 25.0 20.2 27.1 37.1 16.0 20.2 28.5 36.2
 DSM-IV nicotine dependence
  (conditional on regular use,

n = 1,273) 60.3 54.8 60.3 72.6 48.8 52.8 64.7 70.7
Alcohol
 Monthly drinking 91.1 90.8 92.5 91.0 91.7 91.9 90.1 90.5
 Drinking to intoxication 87.7 87.0 90.1 87.7 88.6 89.1 85.9 86.8
 DSM-IV alcohol dependence 24.3 18.4 29.0 37.1 18.3 21.2 26.0 32.1
 DSM-IV alcohol dependence
  (conditional on monthly use,

n = 2,809) 26.7 20.1 31.3 40.8 19.8 23.0 28.8 35.3
Cannabis
 Ever used cannabis 68.4 65.0 73.4 73.0 64.6 68.1 68.7 71.9
 Used cannabis  11 times 30.8 26.5 36.5 37.6 22.5 29.6 31.5 39.1
 DSM-IV cannabis
  abuse/dependence 16.2 12.3 18.9 25.0 10.0 14.1 16.9 24.2
 DSM-IV cannabis
  abuse/dependence
   (conditional on repeated
    use, n = 946) 52.7 46.4 52.0 66.4 44.5 47.3 53.6 61.9

Notes: ADHD = attention-defi cit/hyperactivity disorder; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition.

Autistic traitsADHD symptoms
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Lifetime monthly alcohol use, intoxication, and alcohol 
dependence

 Monthly drinking was not associated with ADHD symp-
toms or AT scores. Drinking to intoxication was associated 
with AT but not ADHD liability; however, higher AT scores 
appeared to be negatively associated with the likelihood 
of drinking to intoxication. In contrast, both high ADHD 
symptoms (i.e., 3 symptoms) and AT scores (i.e., scores 
of 6) were similarly and positively associated with alcohol 
dependence.

Cannabis use, repeated use, and cannabis abuse/
dependence

 Relative to those without any ADHD symptoms, there 
was limited evidence for an association between cannabis 
use and fewer symptoms of ADHD (i.e., 1–2 symptoms). 
These individuals also were more likely to report using can-
nabis 11 or more times, as were those with an AT score of 

even 1 (relative to those with AT scores of 0). Cannabis de-
pendence, on the other hand, was associated with higher AT 
and ADHD (symptoms/scores of 3). However, when those 
exposed to repeated cannabis use were examined, higher 
ADHD, but not AT, scores were associated.

Discussion

 In a sample of adult Australian twins from the general 
population, we found that increased liability to ADHD and 
AT is associated, to varying degrees, with a lifetime history 
of regular substance use and SUDs. However, the nature and 
degree of association across the groups varied for the indi-
vidual substances, alluding to possibly distinct comorbidities.

Tobacco

 In the current study, increased ADHD symptoms were 
associated with regular tobacco smoking and nicotine depen-
dence. Tobacco, particularly cigarette smoking, is well recog-

TABLE 2. Adjusted odds ratios with their 95% confi dence limits refl ecting associations between tobacco, alcohol, and cannabis use and misuse and 
liability to ADHD and autistic traits in 3,080 Australian twins, ages 27–40 years, after sex, age, zygosity (identical vs. fraternal), and a lifetime his-
tory of conduct disorder were controlled for

 ADHD symptoms Autistic traits

Variable 1–2 3 1–2 3–5 6

Smoking
 Ever smoked tobacco 1.11 1.09 0.94 0.86 1.02
    [0.83, 1.47] [0.80, 1.48] [0.71, 1.26] [0.63, 1.18] [0.72, 1.44]
 Regular tobacco smoking 1.17 1.24*b 1.21 1.46**ab 1.79**a

    [0.97, 1.41] [1.00, 1.54] [0.98, 1.50] [1.16, 1.84] [1.40, 2.28]
 DSM-IV nicotine dependence 1.20 1.52**b 1.25 1.84**ab 2.30**a

    [0.96, 1.49] [1.22, 1.90] [0.96, 1.62] [1.40, 2.43] [1.74, 3.06]
 DSM-IV nicotine dependence 1.10 1.62**a 1.13 1.74**a 2.07**a

  (conditional on regular use, [0.82, 1.47] [1.19, 2.21] [0.80, 1.60] [1.20, 2.51] [1.42, 3.00]
n = 1,273)

Alcohol
 Monthly drinking 1.23 0.98 0.98 0.75 0.76
    [0.87, 1.74] [0.68, 1.39] [0.68, 1.42] [0.51, 1.10] [0.50, 1.15]
 Drinking to intoxication 1.36 1.02 0.99 0.70* 0.71
    [0.99, 1.84] [0.75, 1.38] [0.72, 1.36] [0.50, 0.97] [0.49, 1.03]
 DSM-IV alcohol dependence 1.50**a 1.91**a 1.06 1.23 1.42*a

    [1.21, 1.86] [1.52, 2.39] [0.82, 1.38] [0.94, 1.61] [1.07, 1.87]
 DSM-IV alcohol dependence 1.50**a 1.96**a 1.07 1.28 1.47**a

  (conditional on monthly use, [1.20, 1.86] [1.55, 2.46] [0.82, 1.39] [0.98, 1.68] [1.11, 1.95]
n = 2,809)

Cannabis
 Ever used cannabis 1.34** 1.17 1.10 1.06 1.15
    [1.09, 1.64] [0.93, 1.47] [0.89, 1.36] [0.84, 1.35] [0.89, 1.49]
 Used cannabis 11 times 1.31*ab 1.09 1.35*a 1.36*a 1.75**b

    [1.06, 1.61] [0.87, 1.37] [1.07, 1.70] [1.06, 1.75] [1.35, 2.28]
 DSM-IV cannabis 1.24 1.41*ab 1.32 1.46*a 2.02**b

  abuse/dependence [0.95, 1.62] [1.07, 1.85] [0.96, 1.81] [1.05, 2.04] [1.44, 2.85]
 DSM-IV cannabis abuse/ 1.07 1.68** 1.03 1.21 1.50
  dependence (conditional on [0.77, 1.49] [1.16, 2.43] [0.68, 1.57] [0.79, 1.85] [0.96, 2.33]
   repeated use, n = 946)

Notes: ADHD = attention-defi cit/hyperactivity disorder; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition. abOdds
ratios with identical superscripts could be statistically equated to each other at p > .05.
*Indicates signifi cant at p < .05; **indicates signifi cant at p < .008, which refers to the Bonferroni correction for two phenotypes (ADHD vs. autistic 
traits) and three substances (alcohol, nicotine, and cannabis), that is, .05 / 6 = .0083.
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nized for its association with ADHD (Glass and Flory, 2010). 
Studies have shown a higher prevalence of cigarette smoking 
in adults with current ADHD symptoms as well as in those 
with a lifetime diagnosis of ADHD in the absence of current 
symptoms (Pomerleau et al., 1995, 2003). Those with ADHD 
are not only more likely to start smoking at an early age (Ro-
hde et al., 2003) but also to progress more rapidly to regular 
smoking and nicotine dependence (Lambert and Hartsough, 
1998). In a review of the literature, Glass and Flory (2010) 
posit multiple psychosocial pathways that might connect 
ADHD to tobacco smoking. These include self-medication 
of inattentive symptoms via the stimulant effects of nicotine 
as well as cognitive (e.g., coping strategies), individual (e.g., 
educational attainment), and social (e.g., peer delinquency) 
factors. In addition, there are numerous studies that document 
an increased risk of ADHD in offspring prenatally exposed to 
tobacco (Cornelius and Day, 2000; Knopik, 2009). These stud-
ies have found that the evidence for a direct causal infl uence 
of tobacco exposure on ADHD is limited; instead, overlapping 
genetic and environmental factors connect prenatal cigarette 
smoking, offspring smoking, and offspring ADHD.
 Higher AT scores also were associated with a heightened 
vulnerability to regular smoking and nicotine dependence. 
This fi nding is in contrast to that of other studies (Beje-
rot and Nylander, 2003; Hallerbäck et al., 2012). Bejerot 
and Nylander (2003) showed signifi cantly lower levels of 
smoking (smoking at least one cigarette daily for the past 6 
months) in Swedish adults with ASD compared with adults 
with schizophrenia and the general population. Similarly, in 
the study by Hallerbäck et al. (2012), low nicotine use was 
seen in adult patients with Asperger syndrome. There are 
numerous possible reasons for these cross-study differences. 
First, our study used lifetime measures of tobacco smoking, 
including regular smoking and nicotine dependence. Second, 
in addition to being an index of ASD-related problems, our 
measure of AT likely identifi es individuals with other non-
ASD behavioral problems. In fact, in a recent study of 2,368 
ASD probands and their 1,913 siblings, raw SRS scores were 
highly associated with ASD symptoms and reduced social 
development but also with internalizing and externalizing 
problem scales of the Child Behavior Check List (Hus et al., 
2013). The association between SRS scores and externaliz-
ing problems was pronounced even in those with low scores 
on the social development scale, indicating a potentially 
independent, but also bi-directional (i.e. higher SRS scores 
contribute to ASD risk which, in turn, increases likelihood 
of externalizing problems; Constantino and Frazier, 2013), 
relationship between AT and externalizing problems, which 
include substance use and misuse.

Alcohol

 Perhaps the most intriguing observation from the present 
study is the relationship between ADHD, AT, and alcohol 

involvement. Consistent with the literature, rates of monthly 
drinking and drinking to intoxication were not associated 
with increasing ADHD symptomatology; however, indi-
viduals with higher ADHD symptoms were considerably 
more likely to meet criteria for a lifetime history of alcohol 
dependence (Disney et al., 1999; Flory et al., 2003; Knopik 
et al., 2009; Kuperman et al., 2001). However, the presence 
of AT appeared to signifi cantly reverse the direction of as-
sociation with alcohol (but not nicotine and cannabis) use 
measures such that individuals with higher AT scores were 
less likely to report drinking to intoxication. Santosh and 
Mijovic (2006) reported a similar result in adolescents with 
ASD (with normal intelligence), in the absence of ADHD, 
being associated with a lower frequency of alcohol (and 
other drug) use.
 One possible explanation for this fi nding is that indi-
viduals with higher AT scores experience demonstrable 
interpersonal diffi culties, which may distance them from the 
social context of normative alcohol consumption. Research 
has shown that alcohol use and facilitation of use by older 
siblings and peers are among the most robust and proximal 
risk infl uences on the onset of alcohol use and drinking to 
intoxication (Chartier et al., 2011). Peers play a signifi cant 
role in infl uencing alcohol consumption, especially in young 
adults (Andrews et al., 2002). Consistent with a deviance 
proneness model (Sher, 1991), studies show that adoles-
cents with ADHD are more likely to associate with peers 
who engage in risky behaviors and that this agglomeration 
of deviant behaviors, including conduct disorder, contribute 
to a heightened vulnerability to alcohol and substance use 
(Marshal et al., 2003; Wilens, 2007; Wilens and Biederman, 
2006). On the other hand, individuals with AT, particularly 
those with clinical ASD, have poor peer interactions, lack 
social skills, and may be socially isolated (Bauminger and 
Kasari, 2000; Prendeville et al., 2006). As a result, they 
might have reduced exposure to peers and social settings 
that encourage recreational drinking and alcohol intoxication 
(Santosh and Mijovic, 2006).
 In contrast, there was a positive (i.e., risk) association 
between higher AT scores and alcohol dependence, with 
odds ratios being comparable to those with greater ADHD 
symptoms. This fi nding underscores the importance of 
disentangling early stages of alcohol use (e.g., intoxica-
tion) that are more sensitive to the social context from later, 
maladaptive stages, which may be differentially infl uenced. 
For instance, although social isolation may prohibit social 
drinking, it is well recognized as a risk factor for alcohol 
dependence (Chou et al., 2011; Santosh and Mijovic, 2006). 
Social support, which may be lacking in individuals with 
higher AT scores, may protect against pathological drink-
ing, directly, or indirectly via buffering from other stressful 
life events (Cohen and Wills, 1985) and comorbidities with 
other psychopathologies, such as depression. Self-medication 
of depressed mood as well as other internalizing behaviors 
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also might  encourage the development of alcohol depen-
dence—Kanne et al. (2009), for example, found higher rates 
of anxiety, depressive symptoms, and low self-esteem and 
correspondingly higher levels of social stress in those with 
high AT scores. Another possibility is that repetitive preoc-
cupations that are part of the repertoire of ASD-like features 
may accelerate transitions from alcohol use, once it is initi-
ated, to alcoholism (Lewis and Bodfi sh, 1998).

Cannabis

 Similar to literature on the links between tobacco smok-
ing, drinking, and ADHD, studies highlight increased rates of 
cannabis use and, potentially, cannabis use disorder in indi-
viduals with ADHD (Elkins et al., 2007; Flory et al., 2003). 
In contrast, we expected a lower likelihood of cannabis use 
in individuals with elevated AT scores, because individuals 
at risk for ASD are known to demonstrate behaviors associ-
ated with low risk taking and high harm avoidance, which 
might lead to lower experimentation with drugs such as can-
nabis (Santosh and Mijovic, 2006; Soderstrom et al., 2002). 
Based on the prior literature, such as the study by Sizoo et 
al. (2010) reporting higher rates of cannabis use disorder 
(17% vs. 7%) in those with ADHD relative to ASD, we also 
expected associations with ADHD to be stronger than those 
with AT.
 Although we did identify the association between repeat-
ed cannabis use (as well as cannabis use disorder conditional 
on repeated use) and greater ADHD symptoms, in contrast 
to prior studies, those with AT scores of 3 or more also were 
more (not less) likely to report repeated use of cannabis and 
to meet criteria for cannabis use disorders. Once again, this 
result might indicate that lower levels of AT, as indexed by 
the SRS, correlate robustly with childhood externalizing 
problems (Hus et al., 2013) such as the onset of use. The 
elevated levels of cannabis use and misuse associated with 
high AT scores also could be a result of repetitive preoccupa-
tions associated with AT traits, which might be an underlying 
factor facilitating the transition from repeated cannabis use 
to cannabis abuse/dependence.

Role of conduct disorder

 Several studies have noted that the relationship between 
ADHD and substance use as well as SUD is mediated by co-
morbid conduct disorder and, in some instances, that ADHD 
symptoms—particularly inattention—may be unrelated to 
subsequent risk for substance use and misuse in the absence 
of conduct disorder (Disney et al., 1999; Elkins et al., 2007; 
Fergusson et al., 1997; Lynskey and Fergusson, 1995; Molina 
and Pelham, 2003). In the present study, although controlling 
for conduct disorder may have attenuated some of the asso-
ciations between substance involvement and ADHD, some 
signifi cant relationships continued to emerge. Therefore, it is 

possible that the comorbidity of other psychiatric disorders, 
over and above conduct disorder, may be increasing the risk 
for SUD in our sample.

Limitations and conclusions

 Some limitations are noteworthy. First, formal diagnostic 
criteria were not used to defi ne ADHD and ASD. Thus, fi nd-
ings in this study may differ from studies that use clinical 
diagnosis and may refl ect a milder risk related to substance 
use and SUD. Even though a proportion of those with three 
or more ADHD symptoms and those with AT scores of 6 or 
greater are clinically impaired, an overwhelming majority 
of those in those highest categories are likely to manifest 
subthreshold levels of symptomatology. Second, because 
this is a cross-sectional study, we cannot be certain of the 
direction of causation of effects. Although it is presumed 
that ADHD and AT contribute to the onset and progression 
of substance involvement, there also is evidence that can-
nabis and other drug misuse may, in turn, lead to increased 
ADHD symptoms (Fergusson and Boden, 2008). This study 
cannot disentangle such causal effects. Finally, the sample 
consisted of educated, White, young adult Australian twins; 
consequently, results from other studies may differ.
 Despite these limitations, our study is among the fi rst to 
examine the liability to ADHD and AT and their combined 
effects on substance use and SUD in an epidemiological 
sample. Our use of subthreshold, traitlike defi nitions of both 
liabilities may have revealed novel fi ndings for substance 
involvement. The authors of future studies may wish to fur-
ther disentangle the components of ADHD (i.e., inattention 
vs. hyperactivity-impulsivity) and the subscales of the SRS 
and relate them to substance involvement.
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