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Abstract

Background—We report whether the etiology underlying associations of childhood ADHD with
adolescent alcohol and marijuana involvement is consistent with causal relationships or shared
predispositions, and whether it differs by gender.

Methods—In three population-based twin samples (N=3762; 64% monozygotic), including one
oversampling females with ADHD, regressions were conducted with childhood inattentive or
hyperactive-impulsive symptoms predicting alcohol and marijuana outcomes by age 17. To
determine whether ADHD effects were consistent with causality, twin difference analyses divided
effects into those shared between twins in the pair and those differing within pairs.

Results—Adolescents with more severe childhood ADHD were more likely to initiate alcohol
and marijuana use earlier, escalate to frequent or heavy use, and develop symptoms. While risks
were similar across genders, females with more hyperactivity-impulsivity had higher alcohol
consumption and progressed further toward daily marijuana use than did males. Monozygotic
twins with more severe ADHD than their co-twins did not differ significantly on alcohol or
marijuana outcomes, however, suggesting a non-causal relationship. When co-occurring use of
other substances and conduct/oppositional defiant disorders were considered, hyperactivity-
impulsivity remained significantly associated with both substances, as did inattention with
marijuana, but not alcohol.
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Conclusions—Childhood ADHD predicts when alcohol and marijuana use are initiated and how
quickly use escalates. Shared familial environment and genetics, rather than causal influences,
primarily account for these associations. Stronger relationships between hyperactivity-impulsivity
and heavy drinking/frequent marijuana use among adolescent females than males, as well as the
greater salience of inattention for marijuana, merit further investigation.
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1. Introduction

Although adolescent alcohol use in the U.S. has declined over the past two decades, 46% of
12th graders report being intoxicated at least once (Johnston, et al., 2016), and binge
drinking is common by young adulthood (Center for Behavioral Health Statistics and
Quality, 2016). While the trend toward legalizing marijuana helps lower perceptions of its
risks among adolescents (Pacek et al., 2015), they may be at higher risk for adverse long-
term outcomes from marijuana than adults (Volkow et al., 2014). Accordingly, identifying
early-emerging risks and how they influence adolescent alcohol and marijuana misuse is of
vital importance.

Attention-deficit hyperactivity disorder (ADHD) has long been recognized as a risk factor
for substance abuse (Barkley et al., 1990; Gittelman et al., 1985; Lambert and Hartsough,
1998). Youth with ADHD are more likely to initiate use earlier, escalate to frequent smoking
and marijuana use (Sibley et al., 2014), and engage in binge drinking by adulthood than
those without ADHD (Howard et al., 2015). Nevertheless, clinical samples of youth with
ADHD, followed prospectively and assessed for alcohol/marijuana problems, are largely
male (Lee et al., 2011), as boys are more likely to be referred for treatment by teachers
(Derks et al., 2007). Consequently, many studies are insufficiently powered to detect gender
differences (Williamson and Johnston, 2015). Recent population-based studies in Sweden
and Finland found ADHD symptoms predict drug use in 15-year-olds (Selinus et al., 2016)
and frequent alcohol/marijuana use in 17-year-olds (Sihvola et al., 2011) to a greater degree
for girls than for boys, however. Sihvola et al. concluded that the potentially greater
relevance of inattention to alcohol/marijuana problems among girls needs further
investigation. Girls may experience greater social and academic consequences from
inattention than boys (Becker et al., 2013; Elkins et al., 2011) and higher risk for heavy
cigarette smoking (EIKins et al., 2017). Yet, while girls are more likely to have the primarily
inattentive subtype of ADHD (Hinshaw et al., 2006), its consequences are less often studied.

Furthermore, although ADHD often becomes apparent during childhood, prior to initiation
of substance use, it cannot be assumed that ADHD causes substance problems based on this
temporal sequence alone (Weinberg et al., 2014). Rather than being causal, associations may
result from overlapping genetic (Derks et al., 2014) and environmental (Galera et al., 2013)
risks increasing the likelihood of both ADHD and alcohol/marijuana problems. For example,
low socioeconomic status (SES) may both exacerbate childhood ADHD (Russell et al.,
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2015) and contribute to smoking (Hill et al., 2014), while smoking is not only associated
with ADHD, but predicts alcohol/marijuana use among those with ADHD (Biederman et al.,
2012). Additionally, externalizing disorders, such as conduct (CD) and oppositional defiant
disorder (ODD), often co-occur with ADHD and may account for its associations with
alcohol/marijuana problems (Pingault et al., 2013). However, in the IMAGE sample
(Groenman et al., 2013), while substance use disorders were most common among ADHD
youth with CD, their risk was not fully accounted for by CD. Moreover, although CD
reduced their effects, hyperactive-impulsive symptoms of ADHD were still associated with
substance initiation and increased likelihood of marijuana disorders in adolescents (Elkins et
al., 2007). Because hyperactivity-impulsivity diminishes with age (Arnold et al., 2014), its
relationship to substance involvement may change. While hyperactivity-impulsivity may be
associated with initiation, inattention may be more related to marijuana problems by young
adulthood (Bidwell et al., 2014), even when accounting for CD effects (Zohsel et al., 2016).

In the current study, we combined prospective and twin difference designs to clarify whether
the etiology of adolescent alcohol/marijuana involvement in twins discordant for ADHD is
consistent with a causal influence of ADHD or shared predispositions. We examined
whether differences within pairs in number and subtype of ADHD symptoms produce
differences in each twin’s substance involvement, along with gender moderation of effects.
Because each pair of monozygotic (MZ) twins shares essentially the same genetic sequence,
if differences in ADHD within MZ pairs are related to differential alcohol/marijuana
involvement, this can only be due to specific, non-genetic factors, suggestive of causality
(McGue et al., 2010). If differences exist within dizygotic (DZ), but not MZ, pairs, this
would suggest that genetic factors influence both ADHD and substance involvement, as DZ
pairs share fewer genes than do MZs. Absence of within-pair differences in both twin types
would suggest shared familial background accounts for ADHD-substance relationships, as
MZ and DZ twin pairs raised together share their rearing environment (including prenatal
substance exposure).

We propose that ADHD, particularly hyperactivity-impulsivity, indirectly increases
adolescent involvement with alcohol and marijuana, primarily through shared externalizing
propensities. This would be consistent with a study of cousins and siblings discordant for
ADHD, which found shared familial factors mostly accounted for the relationship of ADHD
to drug use disorders (Sundquist et al., 2015), though a small portion might be causal. By
using the more conclusive twin difference design, we determined whether non-shared
differences in inattention might also contribute incrementally to differential marijuana
involvement, and whether possible causal influences might be more apparent in girls, as
found recently for inattention and tobacco (ElKins et al., 2017). Furthermore, whether
ADHD effects persist after accounting for non-shared exposures predating ADHD (e.g.,
birth weight differences), co-occurring externalizing disorders, and use of other substances
was evaluated. By combining three datasets and including a cohort oversampling affected
females, power to identify within-pair differences and moderation by gender was
maximized.
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2. Materials and methods

2.1. Participants

A total of 3,762 individual twins (52% female) from 1,881 like-sex twin pairs (64% MZ)
visited with parents at baseline. Participants were from three community-ascertained cohorts
recruited for the Minnesota Twin Family Study, a longitudinal investigation of the
development of substance abuse (lacono et al., 1999). Twin pairs identified from Minnesota
birth records were eligible if they lived within a day’s drive of University of Minnesota and
had no physical/psychological disability that precluded completing the assessment.

Prospective data from two cohorts (N=2,510) assessed at age 11 and followed to age 17
were utilized, along with cross-sectional data from the baseline assessment of a third cohort
atage 17 (N=1,252). In one 11-year-old cohort, pairs were randomly allocated to screened
or non-screened samples. The non-screened sample was recruited as described above. In the
screened sample, a parent (usually the mother) was interviewed by phone to enrich the
sample with twins exhibiting ADHD/CD symptoms and academic disengagement. Higher
allocation of female pairs to the screened sample ensured participation of more affected
females. Each parent-endorsed ADHD or disengagement item was assigned a weight of one;
each CD symptom was assigned a weight of three. The family was recruited if at least one
twin exceeded an empirically-validated score of five, which maximized sensitivity and
specificity for identifying externalizing disorders (Keyes et al., 2009). The resulting cohort
consisted of 998 twins (48% screened). Comparisons of participants and non-participants in
all cohorts suggested minimal bias on demographic variables, producing a sample
representative of Minnesota for the target birth years (e.g., 91-98% were White; for details,
see lacono et al., 1999; Keyes et al., 2009).

A flow chart describing the sample, data at each wave, and years during which cohorts were
assessed, is provided in the Supplementl. Briefly, all cohorts overlapped at age 17. Age-17
data were available for 92.5% of the combined sample, with no selective loss at follow-up of
those with more ADHD symptoms at baseline.

2.2. Measures and procedures

A complete description of the study was provided at the visit, followed by written informed
consent from parents and written assent from twins. Participants were interviewed separately
by different interviewers, each with a B.A. or M.A. in psychology (or a related field) and
extensive training. Demographic measures included a SES composite consisting of the mean
of four standardized scores: highest parental occupation status, mother’s and father’s highest
degree, and household income. Measures of non-shared exposures included twin birth
weight from birth certificates and parental report of previous neurological injuries.

Primary caregiver reports of twins, including lifetime ADHD with onset before age 12
(consistent with DSM-5), CD and ODD at baseline, and DSM-IV alcohol and marijuana
abuse/dependence by age 17, were obtained with the Diagnostic Interview for Children and
Adolescents-Revised (DICA-R; Reich, 2000), which was modified to include DSM-1V

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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criteria. Twin reports of ADHD before age 12 (and CD/ODD), were obtained with a parallel
version of the DICA-R. Self-reported alcohol and marijuana abuse/dependence were
assessed at age 17 via a modified, expanded Substance Abuse Module (Robins et al., 1987),
from the Composite International Diagnostic Interview (Robins et al., 1988).

Interviews were reviewed by two individuals with advanced clinical training, with symptoms
assigned by consensus. A symptom was considered present if reported by parent or child,
and if its frequency and severity met established guidelines. Symptom counts were
harmonized with DSM-1V (e.g., the inattentive count for cohorts assessed on only six of
nine DSM-1V inattentive symptoms was prorated by multiplying by 1.5), as different
diagnostic systems were in place when each cohort was assessed. Substance abuse and
dependence symptoms were combined into a single count.

Composite measures reflecting highest degree of alcohol/marijuana involvement by age 17
were derived from items added to the substance interview and a computerized measure, self-
administered at each assessment. Earliest age of initiation reported across assessments was
recorded for each substance. Frequency of use was coded to reflect typical escalation during
adolescence (i.e., for alcohol frequency, 0 = never; 1= less than once a month; 2 = once a
month/nearly weekly; 3 = weekly/daily; for marijuana frequency, 0 = never; 1 = once a
month or less; 2 = weekly/nearly weekly; 3 = daily/nearly daily). Maximum quantity
consisted of maximum drinks consumed in a 24-hour period for alcohol (0 = none; 1 = 1-3
drinks; 2 = 4-6; 3 = 7-10; 4 = 11-20; 5 = 21-29; 6 = =30 [>95!" percentile]) or number of
lifetime uses for marijuana (0 = none; 1 = 1-5 uses; 2 = 6-29; 3 = 30-199; 4 = >200 [95
percentile]).

2.3. Statistical analyses

Regression models were appropriate for each outcome’s distribution. Age of initiation was
predicted via survival models implemented in the COXPH package in the R statistical
program. Data were censored for those who had not initiated by age 17. A gamma between-
within model recommended for co-twin survival analysis was used (Sjolander et al., 2013).
For frequency, ordinal regression with proportional odds models was implemented with the
R MIXOR package. For guantity and log-transformed DSM-1V abuse/dependence
symptoms, linear mixed models were implemented in SAS PROC MIXED.

Individual-level models were fit using either the inattentive or hyperactive-impulsive
symptom count to predict each substance outcome. Twin correlations were accounted for
and appropriate standard errors generated (Carlin et al., 2005) through random intercepts at
the cluster (pair) level, or shared frailty terms for survival models. Significant overall effects
of ADHD were then divided into those (1) shared by twins in a pair (twin-pair average) and
(2) non-shared (within-pair difference); the latter represents the ADHD effect after
controlling for all shared measured and unmeasured confounders. Twin difference models
were conducted separately by gender if gender moderation was significant at the individual-
level. If the within-pair effect was significant, indicating that within-pair differences in
alcohol or marijuana problems increased as within-pair differences in ADHD increased,
whether this differed for MZ and DZ pairs was determined and separate estimates were
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obtained. These procedures parallel those used previously to identify etiological influences
in the relationship of ADHD to smoking (Elkins et al., 2017).

Given the dimensional nature of ADHD and to maximize power for detecting within-pair
effects, ADHD symptoms, rather than diagnoses, were utilized for regression analysesz.
Even so, many adolescents had clinically-relevant ADHD: 337 males and 201 females had =
5 symptoms of either the predominantly inattentive, hyperactive-impulsive, or Combined
subtype, including impairment. Therefore, analyses of alcohol/marijuana initiation among
those with or without clinical diagnoses of ADHD were also conducted. A nonparametric,
weighted log-rank test for non-proportional hazard models was applied to compare survival
curves (Harrington and Fleming, 1982) across subtype-defined groups.

3.1. Demographic differences in alcohol and marijuana use

Table 1 details alcohol/marijuana involvement by age 17, which was consistent with
aggregated trends among U.S. 12th graders from 1990-present (Johnston et al., 2016).
Gender differences were smallest for initiation and largest at higher levels of consumption,
with male adolescents’ use exceeding that of females. Thus, overall effects of ADHD on
substance outcomes were adjusted for gender, as well as other shared demographic
covariates (i.e., cohort, parental SES, age at assessment) in regression analyses. Adjusting
for shared covariates had no effect on within-pair effects, which are due to experiences or
characteristics the twins do not share. Adjusting for non-shared differences in birthweight or
neurological problems was unnecessary, as correlations between these and ADHD
symptoms were not significantly different from zero.

3.2. Overall effects of ADHD and gender on alcohol and marijuana involvement

Table 2 provides adjusted overall and within-pair effects. Effects on /nitiation are given as
hazard ratios, reflecting increased likelihood of initiating use during any specific year;
effects on frequency are given as odds ratios. Both reflect the increased likelihood (or odds)
associated with each one symptom increase in inattention or hyperactivity-impulsivity and
are in bold if significantly different from 1. For models predicting quantity or substance
symptoms, ADHD symptoms, quantity measures, and alcohol and marijuana symptoms
(log-transformed) were converted to standardized scores based on the entire sample (mean =
0; SD = 1). These estimates reflect the increase in quantity or symptoms (in SD units)
associated with a 1 SD increase in inattention or hyperactivity-impulsivity and are in bold if
significantly different from zero.

Adolescents with more inattentive or hyperactive-impulsive symptoms (top or bottom of
Table 2, respectively) were more likely to have initiated alcohol and marijuana use earlier,
have higher quantity and frequency of use, and symptoms of alcohol or marijuana abuse/
dependence. Hazard ratios (for initiation) and odds ratios (for frequency) were significantly

2power was estimated at 80% for detecting MZ-within-pair effects accounting for 0.7% of the variance in alcohol/marijuana
outcomes. Power calculations were based on an average MZ correlation in substance outcomes of .60, a comparable correlation for
ADHD, and approximately 1100 MZ pairs with outcome data.
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larger for marijuana than alcohol, as their associated confidence intervals did not overlap
(except frequency in males). Rate of marijuana initiation increased by 19% for each
inattention symptom (compared to 8% for alcohol) and by 22% for each hyperactive-
impulsive symptom (14% for alcohol). Effects on quantity and symptoms were similar for
both substances.

There was no significant gender moderation of inattention effects on any outcome. While
hyperactivity-impulsivity effects on initiation and symptoms did not differ by gender,
hyperactivity-impulsivity was associated more strongly with maximum drinks consumed [F
(1, 1680) = 3.91, p <.05] and marijuana frequency (z= 2.29, p =.02) for females than males.
Estimates are provided separately by gender for these outcomes. Each hyperactive-impulsive
symptom was associated with a 40% increase in odds for females (19% for males) of
progressing in marijuana frequency (e.g., weekly to daily). For maximum drinks, a 1 SD
increase in hyperactivity-impulsivity was associated with a .15 SD increase in drinks for
females (.08 for males).

3.3. Twin difference effects

Twin difference effects are presented separately within DZ and MZ pairs to identify the
source of differences. Within-pair differences in inattention were not significantly associated
with differences in any alcohol/marijuana outcomes for MZ or DZ pairs. Hyperactivity-
impulsivity differences within MZ pairs were also unrelated to outcomes. However,
hyperactivity-impulsivity differences within DZ pairs were significant (except for marijuana
symptoms), although only those within female DZ pairs were significant for marijuana
frequency and maximum drinks. Furthermore, within-pair differences in hyperactivity-
impulsivity were significantly greater for DZ than MZ pairs on two outcomes for each
substance. These results are consistent with hyperactivity-impulsivity relationships to
alcohol/marijuana being primarily attributable to genetic differences and inattention effects
to shared familial influences affecting both inattention and alcohol/marijuana use.

3.4. Mediation by other externalizing disorders or use of other substances

Because twin difference results were not consistent with causal influence, effects were likely
attributable to factors other than ADHD alone. As noted earlier, ADHD effects may be
mediated by CD/ODD or other substance use. In addition, while ADHD treatment with
stimulant medications does not have a consistent effect on risk for alcohol or drug disorders
(Humphreys et al., 2013), medication use is often confounded with ADHD severity (Looby,
2008).3 Consequently, individual-level analyses were repeated with either (1) ever used the
other substance (either alcohol or marijuana), (2) ever used tobacco, (3) log-transformed
CD/ODD symptoms at baseline, or (3) ever used prescription stimulants, as a covariate.

Stimulant medication had no impact on size or significance of effects. Inattention remained a
significant predictor of almost all marijuana outcomes when accounting for CD/ODD,
alcohol, or tobacco use; only the effect for marijuana symptoms did not, when adjusting for

3stimulant medication use, including methylphenidate- and amphetamine-based formulations, was reported for 225 twins at baseline
or follow-up. Among the clinically-relevant ADHD cases, those treated with stimulants (N=155) had more ADHD symptoms (M =
11.6; SD = 3.0) than those never medicated [M = 9.1; SD = 2.6; t (536) = 9.65, p <.0001].
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CD/ODD (p = .22). However, inattention was no longer a significant predictor of alcohol
outcomes for nine of twelve models adjusting for either CD/ODD, marijuana, or tobacco use
(except for alcohol initiation, which remained significant when adjusting for marijuana
initiation or CD/ODD, p<.0001 or p = .04, respectively; or alcohol symptoms, when
adjusting for tobacco, p = .01). Conversely, all hyperactivity-impulsivity effects on both
substances remained significant when adjusting for use of another substance or CD/ODD,
except outcomes moderated by gender. Figure 1 illustrates associations between
hyperactivity-impulsivity and marijuana frequency by gender, adjusting for SES, alcohol or
tobacco use, CD/ODD, and the portion due to within-pair effects. After adjusting for tobacco
use, odds ratios for overall hyperactivity-impulsivity effects were reduced in size (consistent
with partial mediation of ADHD-drug effects by tobacco; Lee et al., 2017), yet remained
significant for both genders (except males, after adjusting for CD/ODD)4. Within-pair
differences were significant for female DZ pairs only.

3.5. Clinical relevance of ADHD for initiation

Figure 2 displays cumulative hazard functions from survival analyses, or probability of
initiating use in the next year for (a) alcohol or (b) marijuana, based on ADHD subtype
diagnoses (2.3). For alcohol, presence of hyperactivity-impulsivity was most important.
Adolescents with hyperactive-impulsive or Combined subtypes were at higher risk for
initiating alcohol at earlier ages, compared to those who were inattentive-only [Combined
vs. Inattentive: Xz(l) = 5.8, p <.05; Hyperactive vs. Inattentive: X2 = 9.6, p <.01] or those
with no ADHD [Combined vs. No Diagnosis: Xz(l) =12.9, p =.001; Hyperactive vs. No
Diagnosis: XZ =20.9, p <.0001], whereas the inattentive-only and no diagnosis groups were
at similarly low risk [X2 (1) = .03, p = .85]. However, all subtypes were at higher risk for
marijuana initiation [Combined vs. No Diagnosis: Xz (1) = 33.4; Hyperactive vs. No
Diagnosis: XZ = 30.1; Inattentive vs. No Diagnosis: XZ =18.1, all ps <.0001; Benjamini
Hochberg adjustment for multiple testing applied], suggesting inattention is primarily
relevant for marijuana initiation.

4. Discussion

We evaluated whether associations of childhood ADHD to adolescent alcohol and marijuana
involvement differ by gender and whether causal influence or shared propensities explain
these associations. To our knowledge, this is the first twin difference study to examine
effects of ADHD on adolescent alcohol/marijuana involvement, in a sample containing a
number of females significantly affected by ADHD. Both male and female adolescents with
more ADHD symptoms at baseline were more likely to initiate use earlier, with progression
to heavier, more frequent use and symptoms of substance use disorders by age 17. Unlike
our previous findings for tobacco, in which females with more severe ADHD were
consistently at higher risk for smoking than males, due in part to possible gender-specific
causal influences (ElKins et al., 2017), gender was not a significant moderator of ADHD

4when co-occurring quantity, frequency, or symptoms related to use of another substance by age (17) were considered in addition to
ever used, hyperactivity-impulsivity associations with corresponding alcohol/marijuana outcomes remained significant (p<.05) only
for alcohol symptoms and maximum drinks/marijuana frequency in females only (i.e., marijuana quantity/symptoms were no longer
significant when adjusted for tobacco quantity/symptoms). Inattention associations, though reduced in size by adjustment, remained
significant for all marijuana outcomes but only one alcohol outcome: maximum drinks, adjusted for marijuana quantity.
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effects for most outcomes, with two exceptions: larger effects of hyperactivity-impulsivity
on alcohol consumption and marijuana frequency were observed in female than male
adolescents, consistent with Sihvola et al (2011). While these results confirm the importance
of ADHD-associated risks for alcohol/marijuana use, the absence of differences within MZ
pairs suggests that shared genetic and environmental propensities primarily account for these
associations, rather than a specific causal influence of ADHD.

4.1. Roles of hyperactivity-impulsivity and inattention

As hypothesized, hyperactivity-impulsivity effects were indirect, confounded by shared
influences on both hyperactivity-impulsivity and alcohol/marijuana involvement. Within-
pair effects were significant only for less genetically-related (DZ) pairs, consistent with
genetic risk accounting for the relationship of hyperactivity-impulsivity to alcohol problems
(Derks et al., 2014; Quinn et al., 2016), perhaps through transmission of a liability toward
behavioral disinhibition and impulsivity (lacono et al., 2008). That some hyperactivity-
impulsivity associations were more pronounced for females is supported by evidence that
females may require greater exposure to genetic and environmental risks for ADHD (Taylor
et al., 2016) and alcoholism (Foster et al., 2015) to develop. For instance, higher ADHD
prevalence has been observed for female than male adolescents presenting with alcohol or
marijuana use disorders (Korsgaard et al., 2016). Preliminary evidence suggests impulsivity
may predict greater induced alcohol craving among young women than men (Yarmush et al.,
2016).

Because no twin difference effects of inattention on alcohol/marijuana outcomes were
significant, this implicates shared familial background, rather than causal influence. This
does not mean these associations are unimportant (Burt et al., 2009), only that they are
attributable to shared genetic and environmental risks increasing the likelihood of both
ADHD and alcohol/marijuana problems. The relatively larger magnitude of inattention
effects for marijuana initiation and frequency, even when accounting alcohol/tobacco use
and CD/ODD, suggests inattention may have a more specific relationship to marijuana than
to alcohol. As shown in Figure 2b for marijuana initiation, at ages 14-16, inattention-only
and no-diagnosis groups begin to diverge. By ages 16-18, risk for initiation in the
inattention-only group approaches that of the hyperactive-impulsive and Combined groups.
Thus, inattention may become increasingly salient to marijuana use by young adulthood
(Bidwell et al., 2014).

4.2. Conclusions and implications

Etiological similarities outweighed differences in the relationship of ADHD to alcohol/
marijuana problems for both genders. The relatively stronger association between
hyperactivity-impulsivity and maximum drinks for females than males is concerning, as
higher alcohol consumption is associated with increased risk for sexual victimization during
young adulthood (Testa and Livingston, 2009). Furthermore, the strength of ADHD
relationships to marijuana initiation and frequency, though likely non-causal, was
comparable to those found for tobacco (Elkins et al., 2017).
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There are limitations to these findings. Because the sensitivity of twin difference analysis
decreases when twin correlations on a putative causal factor are high (Frisell et al., 2012),
high MZ twin correlations for ADHD (.6-.7, depending on cohort) may have reduced power
for identifying partially causal effects. Additionally, ADHD persistence, which may affect
whether substance dependence develops (Breyer et al., 2014), was not assessed. There are a
number of strengths, however, including multiple informants and comprehensive
measurement of ADHD and alcohol/marijuana involvement with structured clinical
interviews.

With increased numbers of marijuana users accounting for the rising incidence of marijuana
use disorders (Hasin et al., 2015), developing strategies to reduce frequent use has become
increasingly important (Pedersen et al., 2016). Perceptions of risk associated with marijuana
continue to decline among adolescents (Pacek et al., 2015), and those with ADHD appear
even less likely to believe that marijuana causes difficulty with thinking and slowed
responses (Harty et al., 2015). Our findings suggest that adolescents with ADHD need better
preparation to make informed choices regarding alcohol and marijuana.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. ADHD predicts when alcohol and marijuana use are initiated and escalation
of use

. Shared familial factors account for this relationship, rather than ADHD
causing use

. Hyperactivity-impulsivity predicts heavy drinking/daily marijuana use more
in females

. ADHD associations with marijuana tend to be larger than for alcohol

. Inattention predicts marijuana use only, when other substances/externalizing
included
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= Female Male

Adjusted for Adjusted for Adjusted for Adjusted for Within Within
parental SES alcohol use@  tobacco use? CD/ODD dizygotic pairs monozygotic pairs
Overall Effect of Hyperactivity-ImpulsivityP Twin Difference Effect
Figure 1.

Overall Effects of ADHD Hyperactive-Impulsive Symptoms on Frequency of Marijuana
Use, By Gender, Before and After Adjusting for Alcohol, Tobacco Use and Conduct/
Oppositional Defiant Disorders, and Twin Difference Effects Within Dizygotic and
Monozygotic Pairs

SES=socioeconomic status; CD/ODD=conduct/oppositional defiant disorder symptoms.
Error bars indicate 95% confidence intervals. Marijuana frequency is coded: 0 = never; 1 =
once a month or less; 2 = weekly/nearly weekly; 3 = daily/nearly daily. Odds ratios greater
than 1 correspond to the increased odds of progressing one level of frequency to the next
(i.e., from weekly to daily use) associated with each hyperactive-impulsive symptom. Twin
difference effects reflect the differential likelihood of progressing in frequency associated
with a twin having one more hyperactive-impulsive symptom than his or her co-twin.
aAdjusted for ever used alcohol or tobacco. When frequency of alcohol use was also
considered, overall effects of hyperactivity-impulsivity remained significant for both genders
(OR =1.30 for females; 1.17 for males; p <.0001 and p = .001, respectively). When
frequency of tobacco use was considered, only the overall effect for females remained
significant (p<.05).

bOverall effect included N=3407 individuals; twin difference effects included 591 dizygotic
or 1051 monozygotic pairs.
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Cumulative Hazard Functions for (a) Alcohol and (b) Marijuana Initiation, by ADHD

Subtype Diagnosis

The y-axis is the probability of initiation use in the next year for each group. Hazard

Age in Years
(b) Marijuana Initiation

functions of groups sharing the same superscript (i.e., either  or P) did not differ
significantly at p < .05. When effects on marijuana initiation were adjusted based on alcohol
initiation prior to or at the same age as marijuana (as it was for 80% of marijuana users),
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effect sizes for both types of ADHD symptoms on marijuana initiation were substantially
reduced, though still highly significant (p <.0001).
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