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Abstract

Childhood attention-deficit/hyperactivity disorder (ADHD) is prospectively linked to substance
use and disorder. Depression emerging in adolescence is an understudied risk factor that may
explain some of this risk. In the present study, we considered mediating and moderating roles of
adolescent depression in explaining this association by using longitudinal data from the
prospective 16-year follow-up of the Multimodal Treatment Study of ADHD (MTA). Participants
were 547 children diagnosed with DSM-IV ADHD Combined Type, and 258 age- and sex-
matched comparison children. In adolescence, depressive symptoms did not exacerbate effects of
childhood ADHD on any substance use. For both groups, time-varying and average depressive
symptoms were associated with more frequent use of all substances. Prospectively, we found no
evidence of depression mediation to adult substance use. However, adolescent depression
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moderated the association between childhood ADHD and adult marijuana use. Although adults
without ADHD histories used marijuana more frequently if they had elevated depressive
symptoms in adolescence, marijuana use by adults with ADHD histories was independent of their
adolescent depression. In adulthood, depression diagnoses and ADHD persistence continued to
operate as independent, additive correlates of substance use risk. Our findings suggest a
circumscribed role for depression in substance use risk that adds to, but does not alter or explain,
ADHD-related risk.

Keywords
ADHD; depression; substance use; adolescence; early adulthood; longitudinal

Childhood attention-deficit/hyperactivity disorder (ADHD) is prospectively linked to early
substance use (King et al. 2004), elevated substance use in adolescence (Molina & Pelham,
2003; Sibley et al., 2014) and adulthood (Molina et al., 2018), and increased risk for
substance use disorders by early adulthood (e.g., Breyer et al., 2014). Depression in
adolescence is a potentially important factor in explaining the link between childhood
ADHD and later substance use. For example, social and emotion regulation deficits typical
of ADHD place these children at elevated risk of experiencing depression (e.g., Humphreys
et al., 2013). In a recent meta-analysis, childhood ADHD and depression each equally
predicted the later development of a substance use disorder (Groenman et al., 2017). What
remains unclear is whether adolescent depression plays a role in the developmental course of
substance use in children with ADHD. In the present study, we examine two possibilities:
(1) that adolescent depression mediates ADHD-related risk for substance use in adulthood
by emerging more often in those with ADHD and leading to more frequent later substance
use; and (2) that adolescent depression moderates ADHD-related substance use risk, where
effects of childhood ADHD depend on adolescent depressive symptom levels.

Depression and ADHD-related risk for substance use

Large-scale epidemiologic studies show that substance use and depression frequently
cooccur (e.g., Henry et al., 1993; Kandel et al. 1997), but the evolution of their association
across development is less clear. Substance use is strongly linked to externalizing behaviors
that predate substance use and correlate with depression, notably ADHD, conduct disorder
(CD), and oppositional-defiant disorder (ODD; King et al., 2004). As a result, the
depression-substance use association is often subsumed by an externalizing-substance use
association. A recent systematic review of longitudinal studies highlights the problem: after
adjusting for externalizing symptoms, depression positively predicted substance use later in
adolescence in only 32% of tests, with null associations in virtually all others (Hussong et
al., 2017). Studies that disentangle the unique contributions of adolescent depression to
ADHD-related substance use vulnerability are needed, but depression, ADHD, and
substance use are only rarely studied in concert (Truter et al., 2017).

Cross-sectional research in adolescents diagnosed with ADHD and SUD receiving treatment
for substance abuse showed that rates of non-nicotine substance use were highest in those
with a comorbid diagnosis of major depressive disorder (Warden et al., 2012). Pooled data
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from individuals receiving substance use treatment also showed that diagnoses of ADHD
and depression (both classified from symptom self-reports) were among the most common
problems co-occurring with substance dependence in emerging adults (Chan et al., 2008).
However, these studies both focused on clinical cases receiving SUD treatment, and the
latter did not compare substance dependence rates when ADHD was versus was not
comorbid with depression. One recent longitudinal study showed that co-occurring increases
in depressive symptoms and alcohol use were stronger in young adults with childhood
ADHD versus a non-ADHD comparison group (Wang et al., 2019), but this association was
only tested in adulthood.

Young people traveling an internalizing pathway to substance use disorder (SUD) are
expected to develop depressive and anxious symptoms followed by tension-reduction
expectancies for substance use (Hussong et al., 2011). Perceived substance-related benefits
such as mood enhancement develop gradually with accumulated substance experience (Katz,
Fromme, & D’Amico, 2000). Depressive symptoms or depression comorbidity assessed in
adulthood thus offer few insights into the role of depression as a developmental mechanism
that contributes to substance use vulnerability. Tests of prospective effects are needed that
link adolescent depression—as a mediator or moderator of ADHD-related risk—to later
substance use, before patterns of use and substance-related expectancies are well-
established.

Mechanisms linking depression and ADHD to substance use across

development.

A key reason to suspect that adolescent depression may be involved in explaining the
association between childhood ADHD and later substance use is the robust body of evidence
showing that rates of depression are frequently higher for children and adolescents
diagnosed with ADHD compared to typically developing children (Meinzer et al., 2014).
Findings from longitudinal studies with large samples (Molina et al., 2009), annual follow-
up assessments through adolescence or emerging adulthood (e.g., Chronis-Tuscano et al.,
2010; Meinzer et al., 2016), and symptom assessments to supplement diagnoses (Hinshaw et
al., 2006) clearly show that childhood ADHD prospectively predicts elevated depression.
Depression is also more prevalent in young adults whose ADHD symptoms persist into
adulthood (e.g., Hechtman et al., 2016; Meinzer et al., 2016). Studies showing no
association between childhood ADHD and depression are limited by very low numbers of
depression cases (e.g., 3 depressed probands vs. 2 comparison; Mannuzza et al., 1998) and
comparisons based on lifetime rates of depression (e.g., Claude & Firestone, 1995).

Although no single explanatory conceptual model has emerged to account for the co-
occurrence of ADHD and depression (see Meinzer et al., 2014, for a meta-analysis and
review), depression is a plausible mediator between childhood ADHD and substance use. In
addition to shared etiology and shared genetic factors, reasons that ADHD might contribute
to later depression include inconsistent, controlling, or dysfunctional parent-child
interactions observed in families of children with ADHD (Humphreys et al., 2013; Ostrander
& Herman, 2006); social impairments associated with peer rejection (Blackman et al., 2005;
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Humphreys et al., 2013), typical of children with ADHD (Hoza, 2007); and ADHD-related
emotion regulation deficits that increase vulnerability to depression (Anastopoulos et al.,
2011). Each of these processes has also been implicated in ADHD-related substance use risk
(Molina & Pelham, 2014). Consistent with the idea of depression as mediator, one study
found that internalizing symptoms assessed in 61" grade mediated the link between
childhood ADHD symptoms and onset of tobacco use in 9" grade (but not alcohol or
marijuana; Vitulano et al., 2014). Another found that internalizing problems that emerged
after childhood hyperactivity predicted social withdrawal and in turn substance use disorder
by young adulthood (Tarter et al., 2007). One retrospective analysis of medical records from
a large birth cohort (Yoshimasu et al., 2016) suggested that the presence of a depressive
disorder partially mediated the association between childhood ADHD and SUD diagnosis by
age 19. In the present study, we test whether depressive symptoms based on repeated
assessments in adolescence mediate associations between childhood ADHD and heavy
drinking, marijuana use, daily smoking, and other illicit drug use in adulthood.

Alternatively, depression may affect the strength of the association between childhood
ADHD and later substance use. If so, its role may be more conditional (a moderator) than
causal (a mediator). Indeed, many children with ADHD do not go on to develop depression
(Chronis-Tuscano et al., 2010). A mediation account implies that more severe ADHD-
related impairments and other vulnerabilities /ead'to depression in adolescence. Yet profiles
of ADHD symptoms, clinical impairment, conduct problems (Blackman et al., 2005) and
cognitive functioning (Roy et al., 2017) in adolescence are highly similar in community
samples of children with ADHD with and without a comorbid depression diagnosis. Rather
than depression leading to later substance use, it may be that the mere presence of
depression alters how ADHD-related vulnerabilities increase risk for substance use. For
example, tension-reduction expectancies and coping motives (e.g., Cooper, Frone, Russell,
& Mudar, 1995) are acknowledged as key mechanisms by which depressed affect might
invite substance use. Emotion regulation deficits (Anastopoulous et al. 2011) and external
attribution biases (Ostrander & Herman, 2006) might limit coping resources available to
adolescents with ADHD, increasing the appeal of substances. This may be especially true
for impulsivity facets of ADHD that predict acting rashly in response to negative affect
(negative urgency; see Marmorstein, 2013).

Depression, then, is also a plausible moderator: if (and when) present in adolescence,
depressive symptoms may modify ADHD-related vulnerability to engaging in substance use,
concurrently (in adolescence) or prospectively (in adulthood). One prominent finding from a
10-year follow-up of children diagnosed with ADHD and non-ADHD comparison children
was that a lifetime mood disorder diagnosis in the ADHD group predicted a lifetime non-
alcohol drug use disorder, but not alcohol use disorder or cigarette smoking (Wilens et al.,
2011). However, depression and SUDs were assessed concurrently and across a wide range
of ages spanning mid-adolescence to the late twenties, precluding inferences about a
prospective moderating effect of adolescent depression. Similar limitations apply to findings
from a retrospective analysis showing that childhood ADHD and depression each predicted
SUD, but only children without ADHD and depression were at reduced risk of SUD
(YYoshimasu et al., 2016).
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In the present study, we test moderation concurrently and prospectively, isolating between-
and within-person moderating effects of depression. /fdepression is present in adolescence,
we anticipate ADHD-related differences in adolescent and adult heavy drinking, marijuana
use, daily smoking, and other illicit drug use for those whose depressive symptoms are
higher on average (pooling over repeated measures) compared to their peers. When
depression is present in adolescence, we anticipate further ADHD-related differences in
adolescent substance use at points in time when depressive symptoms are higher than usual
for a given person.

The Current Study

Understanding developmental processes linking adolescent depression to ADHD-related
substance use risk has been identified as a priority for future research (Molina & Pelham,
2014). Crucially, no studies have prospectively tested childhood ADHD and adolescent
depression associations with substance use frequency. Also notably absent are tests of
ADHD-related prospective risk for substance use based on repeatedly-assessed depressive
symptoms in adolescence. The comprehensive longitudinal follow-up of the Multimodal
Treatment Study of Children with ADHD (MTA; Hechtman et al., 2016; Sibley et al., 2017;
Swanson et al., 2017) is ideally positioned to rigorously examine mediating and moderating
associations between ADHD, depression, and substance use prospectively from late
childhood through early adulthood, when rates of substance use reach their peak in the
general population (Center for Behavioral Health Statistics and Quality, 2015). We test these
associations in three ways.

First, we test whether depressive symptoms in adolescence mediates the effect of childhood
ADHD on adult substance use. A mediating role implies that a childhood ADHD diagnosis
predicts more severe depressive symptoms in adolescence that, in turn, predict more frequent
heavy drinking, marijuana use, other illicit drug use, and daily smoking in adulthood.

Second, we test whether elevated depressive symptoms in adolescence moderate ADHD-
related risk for substance use in adolescence and adulthood. A moderating role implies that
differences between ADHD and non-ADHD youth in adolescent and adult substance use
depend onthe severity of adolescent depressive symptoms, between- and within-persons. We
test this hypothesis with a series of interactions: (1) whether effects of childhood ADHD on
heavy drinking, marijuana use, daily smoking, and other illicit drug use assessed in
adolescence depend on average levels of adolescent depressive symptoms (a between-
persons effect) and on time-varying depressive symptoms in adolescence (a within-person
effect); and (2) whether prospective effects of childhood ADHD on the same substance
outcomes assessed in adulthood depend on average levels of depressive symptoms in
adolescence.

Third, we take advantage of diagnostic information available in adulthood from the MTA to
examine rates of SUD and depressive disorder in young adults whose ADHD symptoms did
and did not persist into adulthood. With this supplementary test, we extend the scope of this
paper to report clinically meaningful substance use outcomes when depression diagnoses are
present versus absent at the young-adult endpoint of the MTA (mean age 25).
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Participants were 579 children diagnosed with DSM-IVV ADHD Combined Type and a local
normative comparison group (LNCG) of 289 children followed to adulthood. Probands were
initially recruited into the MTA when they were aged 7.0 to 9.9 (M=8.5, SD=.80). At each of
six sites in the U.S. and Canada, between 95 and 98 children were randomly assigned to one
of four treatment groups: multicomponent behavioral treatment, systematic medication
management, the combination of medication and behavioral treatment, or referral to usual
community care. Children with comorbid diagnoses participated; exclusion criteria were
limited to conditions requiring study-incompatible treatments (e.g., antipsychotic
medication), inability to participate in a lengthy clinical trial (e.g., hospitalization, 1Q below
80), cross-arm contamination (children in the same classroom or household), and family-
related risks and threats to full participation (e.g., history of abuse, parent stimulant abuse,
non-English-speaking primary caregiver). The MTA recruitment strategy, detailed inclusion/
exclusion criteria, diagnostic procedures, treatment, and sample demographic characteristics
appear in other reports (Arnold et al., 1997; MTA Cooperative Group, 1999). Informed
consent (parental permission and child assent) was obtained from all participating families
prior to completing study procedures. Once they reached age 18, participants provided their
own informed consent. All participating study sites (see Author note for a detailed list)
obtained IRB ethics approval. Secondary data analysis procedures were approved by the
Carleton University Research Ethics Board.

Participants with ADHD were assessed at baseline prior to treatment randomization, at 3
months, 9 months, the conclusion of the 14-month treatment phase, and 2, 3, 6, 8, 10, 12, 14,
and 16 years after treatment randomization. LNCG children were recruited at the 2-year
assessment, randomly sampled from the same schools and grades as probands, matched for
age and sex. Study inclusion/exclusion criteria, questionnaire administration, and diagnostic
procedures for the LNCG were the same as for probands, except they were not required to
have ADHD (/=31 LNCG children who met criteria for ADHD were excluded from our
analyses). LNCG children were demographically similar to the ADHD group (see Swanson
etal., 2017). The LNCG were followed from the 2- through 16-year assessments. All LNCG
participants and 95% of ADHD group participants contributed one or more data points from
2 through 16 years and were retained in our analyses (for detailed retention information see
Table 1 in Swanson et al., 2017). The final sample size was 7=805 (7=547 ADHD, =258
LNCG without childhood ADHD).

In a previous longitudinal analysis of the same substance use outcomes reported here
(Molina et al., 2018), we performed comparisons between participants with complete versus
incomplete data to evaluate the potential impact of attrition. Participants with complete
substance use data (ADHD 7=289/547; LNCG r=176/258) were not significantly different
from participants with incomplete data on over 20 baseline sociodemographic and adversity
variables tested (e.g., age, parent marital status, child health). However, male sex, racial/
ethnic minority, and lower parent incomes and education were more common in participants
with incomplete data. As in Molina et al. (2018), we included sex, race/ethnicity, and a
composite measure of household (dis)advantage as covariates in all analyses to satisfy the
missing at random (MAR) assumption that patterns of missingness in the data were
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unrelated to our dependent variables after adjusting for relevant measured variables (e.g., see
Enders, 2010).

Substance use.—The self-report Substance Use Questionnaire (SUQ; Molina & Pelham,
2003) was adapted for the MTA (Molina et al., 2013). At all assessments from the 2-year
follow-up and thereafter, participants responded to questions about frequency of use of
alcohol, marijuana, cigarettes, and a range of illicit and prescription drugs. As in our prior
report (Molina et al., 2018), we defined past-year Aeavy drinking as the higher score of two
items assessing frequency of binge drinking and of drunkenness (*How many times did you
drink five or more drinks when you were drinking?”, “How many times have you gotten
drunk or “very, very high’ on alcohol?”). Past-year marijuana use frequency was one
question. Responses to each substance were coded to a four-point scale: 0 (rone), 1 (/less
than once per montt)), 2 (at least monthly but less than weekly), and 3 {once per week or
more).

Past-year daily smoking was coded as 0 (n0) and 1 (yes) if participants reported smoking at
least one cigarette per day or if they responded “yes” to “Are you currently a daily
smoker?”. Other illicit drug use was coded by taking the maximum frequency of use across
multiple drugs, such as cocaine, heroin, inhalants, hallucinogens, and misused prescription
drugs (stimulants, sedatives, and opioids). Frequencies were coded to a three-point scale: 0
(none), 1 (less than once per month), and 2 (once per month or more often).

Depressive symptoms.—Depressive symptoms in adolescence were assessed by self-
report using the 27-item Child Depression Inventory (CDI; Kovacs, 1992), rated 0 to 2 (e.g.,
“| feel sad once in a while/many times/all the time”). Between the 2- and 10-year follow-
ups, participants rated the CDI at each assessment at which they were under 18 (between 3
and 5 assessments per person). A mean score was calculated by averaging responses to CDI
items at each assessment. Omega total (w) reliability exceeded .83 at each assessment.
Across assessments, scores ranged from 0 to 1.78 for ADHD (M=.24, SD=.24) and from 0
to 1.41 for LNCG (M=.18, SD=.21), with higher scores reflecting more severe depressive
symptoms. ADHD group symptoms were more severe than LNCG (mixed effects #5.86,

p<.001).

Scores were converted to average (between-persons) and time-varying (within-person)
measures. Average depressive symptoms in adolescence were calculated as the mean of each
participant’s repeated measures. 7ime-varying depressive symptoms were calculated by
subtracting each participant’s own average symptom score from each repeated measure
score (i.e., person-mean centering; see Curran & Bauer, 2011). Crucially, average and time-
varying measures are uncorrelated and provide distinct tests of two elements of the
symptom-substance use relation: (1) whether more severely depressed pegple use substances
more frequently in adolescence and in adulthood (effects of average adolescent symptoms),
and (2) whether specific ages featuring greater-than-usual depressive symptoms for a given
person are associated with more frequent substance use at that age (effect of time-varying
adolescent symptoms).
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ADHD symptoms.—Models also adjusted for adolescent inattention and hyperactivity-
impulsivity symptoms, assessed using combined parent and teacher ratings from the
Swanson, Nolan, and Pelham Rating Scale (SNAP; Swanson, 1992). The SNAP consists of
9 items corresponding to OSM inattention symptoms and 9 items corresponding to DSM
hyperactivity-impulsivity symptoms on a scale ranging from 0 (not at all) to 3 (very much).
Between the 2- and 10-year follow-ups, parents and teachers rated symptoms at each
assessment at which participants under age 18 (between 3 and 5 assessments/person). For
inattention (parent- and teacher-rated), w exceeded .94 at each assessment. For
hyperactivity-impulsivity (parent- and teacher-rated), w exceeded .91 at each assessment.

As in a prior report (Howard et al., 2015), we combined parent and teacher ratings in two
steps. Scores were first rescaled by standardizing scores for each rater in each domain
assessed at baseline (M=0, SD=1), then centering raters’ scores at all subsequent
assessments around their respective raw baseline means and standard deviations. Next,
centered scores were averaged across raters at each assessment. Final scores were back-
transformed to approximate the original metric of the 0-to-3 response scale. We then used
the strategy described above for depressive symptoms to obtain distinct measures of average
and time-varying symptoms in adolescence.

ADHD symptom persistence and adult diagnoses.—For young adults in the ADHD
group, ADHD symptom persistence in adulthood was defined using self- and parent-
reported symptom ratings from the Conners’ Adult ADHD Rating Scale (CAARS; Conners
et al., 1999), administered when participants were aged 18 and older. Participants with
childhood ADHD were symptom-persistent in adulthood if five or more symptoms were
self- or parent-reported as 2 or 3 on the 0-3 scale within either the inattention or hyperactive-
impulsive domains at the latest available assessment point in adulthood. Participants were
symptom-desistent in adulthood if neither domain met the five-symptom threshold
(Hechtman et al., 2016; Sibley et al., 2017).

The Diagnostic Interview Schedule for Children-Young Adult version (DISC-YA;Shaffer et
al., 2000) was used to determine whether ADHD group participants also met DSM-1V
criteria for adult diagnoses of depression (major depressive disorder or dysthymia), alcohol
use disorder (abuse or dependence), marijuana use disorder (abuse or dependence), nicotine
dependence, and other SUD (abuse of or dependence on other substances) at the latest
available assessment in adulthood (12, 14, or 16 years after baseline; see Hechtman et al.,
2016). Participants were coded as having an adult diagnosis of depression if they met criteria
at any assessment in adulthood (9.1%; /=42 of 461 assessed by self-report in adulthood).

Covariates.—Three baseline sociodemographic variables were primary covariates in our
analyses, as defined in other reports (Mitchell et al., in press; Molina et al., 2018). Sexwas
coded as Male=0, Female=1. Race ethnicity was coded using three weighted effects codes
for Black, Hispanic, and Mixed/other racial/ethnic groups. Household (dis)advantage was
coded similarly, with codes for children from two-parent households with at least one
college-educated parent (“household advantage™) and for children from single-parent
households with no college-educated parents (“household disadvantage”). Children meeting
neither of these criteria and White children were assigned negative reference weights in their
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respective coding schemes. Regression coefficients for effects codes represent the difference
between the coded group and the sample mean, and are particularly suited to nominal
variable coding (versus dummy or contrast coding) when one group does not stand out as a
meaningful “reference” category (see Cohen, Cohen, West, & Aiken, 2003; pp. 320-321).

Within the ADHD group, we adjusted for differences between participants with and without
a childhood diagnosis of CD or ODD. Comorbid diagnoses were taken from the baseline
assessment, when presence of ADHD was confirmed for study enrollment. Of 7=547 cases
with childhood ADHD included in the present study, 15.0% (/=82) also had a CD diagnosis
and 39.7% (/7=217) also had an ODD diagnosis. Only 7=6 LNCG met criteria for CD or
ODD at their initial assessment—mean age 10—precluding further comparisons within this
group. We tested differences between LNCG and ADHD groups, and between cases with
childhood ADHD plus CD/ODD versus ADHD-only using planned contrast codes (see
Cohen et al., 2003 pp. 332-335).

Analysis Plan

Longitudinal data were collected at eight assessments, but the CDI was administered only
when participants were under 18. All participants were under 18 in years 2 and 3
(Mage=11.04, SD=1.15); all but one were under 18 in year 6 (M age=14.80, SD= 1.06);
84.9% were under 18 in year 8 (M age=16.43, SD=.84); 32.0% were under 18 in year 10 (M
age=17.50, SD=.50); none were under 18 at subsequent waves. We structured our
longitudinal data for analysis purposes by age rather than by wave (see Mehta & West,
2000), with assessments occurring as young as age 8 (1.1% of observations) and the
majority occurring at ages 11 and up (76.0% of observations). For simplicity, we designated
assessments occurring before age 18 as “adolescence”, while those at ages 18 and older were
designated “adulthood”.

To test depressive symptom mediation, we performed multilevel mediation analyses in
which childhood ADHD diagnosis was a predictor of average adolescent depressive
symptoms (measured before age 18; up to five repeated measures), which was in turn a
predictor of substance use in adulthood (age 18 and later), measured up to six times. We
used the Monte Carlo method to construct confidence intervals for indirect effects (see
Preacher & Selig, 2012).

To test depressive symptom moderation, we adapted a multivariate multilevel modeling
technique (see the Supplement for technical details). We tested effects of childhood ADHD,
adolescent depressive symptoms, and their interactions on adult substance use using the
GLIMMIX procedure in SAS for categorical outcomes (sample syntax also provided in the
Supplement). Our models included separate tests of concurrent associations linking
childhood ADHD and average and time-varying adolescent depressive symptoms to
substance use in adolescence, and prospective associations linking childhood ADHD and
average adolescent depressive symptoms to substance use in adulthood. Two-way
interactions between depressive symptoms and our ADHD contrast codes tested our
moderation hypotheses. All models adjusted for ADHD symptom severity and baseline
covariates. Additional exploratory tests included two-way interactions between depressive
symptoms and rates of change in substance use (adolescent and adult), and between
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depressive symptoms and ADHD symptom severity. We trimmed nonsignificant interactions
one at a time, in order of largest to smallest p-values, repeating analyses after each exclusion
(see recommendations of Aiken & West, 1991, pp. 111-113). Interaction terms were retained
ifp < .10 to control for Type Il error.

To examine differences in adult SUD diagnoses, we performed chi-square tests and logistic
regression analyses to compare rates of different SUDs in adulthood among participants with
childhood ADHD for whom a depression diagnosis was either present or absent in
adulthood. We tested whether ADHD symptom persistence in adulthood (as defined in
Hechtman et al., 2016) moderated the effect of a depression diagnosis on SUD diagnoses by
including a depression x ADHD symptom persistence interaction term. Logistic regression
analyses adjusted for participant age at the assessment when substance use diagnoses were
recorded.

Mediating influences of depressive symptoms on substance use risk in adulthood

Table 1 summarizes tests of mediation linking childhood ADHD history to adult substance
use through adolescent depressive symptoms, adjusted for baseline sociodemographic
covariates and adolescent inattention and hyperactivity symptoms. Adolescent depressive
symptoms did not mediate any associations between childhood ADHD (versus LNCG) or
childhood ADHD plus comorbid CD/ODD (versus ADHD-only) and any adult substance
use outcomes. Accordingly, nonsignificant mediated effects were small in magnitude; at
most, our mediated effects predicted less than a 4% increase in the odds of more frequent
adult substance use as a result of elevated depressive symptoms in adolescence? that our
analysis attributed'to childhood ADHD.

Moderation of the ADHD-substance use association by depressive symptoms

Adolescent substance use.—Table 2 (Part 1. Concurrent effects on adolescent use)
shows that there were no moderating effects for either time-varying or average depressive
symptoms on any ADHD-SU links in adolescence. Main effects of childhood ADHD on
adolescent substance use in the MTA also appear in prior reports using these same data and
similar analyses (Molina et al., 2013; Molina et al., 2018). Time-varying effects of
depressive symptoms, equivalent for ADHD and LNCG, showed that all substances were
used more frequently at specific times when adolescents experienced depressive symptoms
that were more severe than usual, regardless of ADHD history. To illustrate effect size, we
selected age 17 as an adolescent end-point at which to compare model-implied rates of
substance use for relatively lower versus higher depressive symptoms (see Table 3). At age
17, higher-than-usual depressive symptoms predicted rates of use 14% to 65% more frequent
compared to lower-than-usual depressive symptoms.

Average depressive symptom effects, also statistically equivalent for ADHD and LNCG,
showed that adolescents whose depressive symptoms were more severe on average across

1Defined as one standard deviation above average depressive symptoms (.24) in adolescence. Odds ratio associated with the largest
mediated effect in Table 1 = exp(.15*.24)/[1 + exp(.15*.24)] = 1.037 (i.e., odds are 3.7% higher).
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repeated measures tended to use all substances other than alcohol more frequently in
adolescence. The sizes of these effects were considerably larger than for time-varying
depressive symptoms. Again illustrating effect size (Table 3), predicted rates of use at age 17
for adolescents with higher average depressive symptoms were 65% to 86% more frequent
for substances other than alcohol. For heavy drinking, whose effect diminished with age, the
predicted rate of use at age 17 was just 13% more frequent for adolescents with higher
average depressive symptoms.

Exploratory tests yielded no depression x inattention or depression x hyperactivity symptom
interactions, and main effects of ADHD symptom severity were sparse: heavy drinking was
more frequent at times when inattention was more severe than usual, and time-varying and
average hyperactivity-impulsivity symptoms were only associated with more frequent
marijuana use. No other time-varying effects or average effects of ADHD symptom severity
were found.

Adult substance use.—Table 2 (Part 2: Prospective effects on adult use) shows that
adolescent depressive symptoms moderated the effect of childhood ADHD only on adult
marijuana use. The Figure contrasts the previously-discussed concurrent effect of average
adolescent depression on adolescent marijuana use (illustrated at age 17) against the
prospective effect of average adolescent depression on adult marijuana use (illustrated at age
25) in the LNCG and ADHD groups. In adolescence, people with and without childhood
ADHD used marijuana at similar rates, though rates in both groups were higher at more
severe depressive symptom levels. In contrast, rates of weekly marijuana use were high in
young adults with childhood ADHD histories regardless of their adolescent depressive
symptoms, and in young adults without childhood ADHD whose adolescent depressive
symptoms were more severe. Young adults with no history of childhood ADHD and few
adolescent depressive symptoms were the least likely to use marijuana. Aside from this
finding, average depressive symptoms in adolescence did not prospectively predict use of
any other substances measured in adulthood.

Exploratory tests also ruled out interactions between adolescent depressive symptoms and
inattention or hyperactivity symptoms in predicting adult substance use. Main effects were
that average adolescent inattention symptoms predicted more frequent adult marijuana use
and daily smoking, and average adolescent hyperactivity-impulsivity symptoms predicted
more frequent illicit drug use. We probed the significant interaction between average
adolescent hyperactivity-impulsivity symptoms and diagnostic status (i.e., ADHD versus
LNCG), and clarified that adolescent hyperactivity-impulsivity symptoms only prospectively
predicted marijuana use frequency in adults with childhood ADHD histories (B=.75, SE=.
34, p=.027). For adults without childhood ADHD, adolescent hyperactivity-impulsivity
symptoms were unrelated to adult marijuana use frequency (B=-.71, SE=.73, p=.33).

Major depression and SUDs in adulthood among ADHD cases

Table 4 shows results of chi-square tests comparing rates of alcohol use disorder, marijuana
use disorder, nicotine dependence, and other SUD for participants with childhood ADHD
with versus without a depression diagnosis in young adulthood (/7=42/461; 9.1% had
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depression). Logistic regression analyses showed no significant interactions between
depression diagnosis and ADHD persistence for any SUD. Models containing only main
effects of depression diagnosis, persistent ADHD symptoms in adulthood, and age showed
that depression was significantly associated with higher rates of nicotine dependence
(OR=3.02, Clgs95= 1.22 — 7.51, p=.017), but not alcohol use disorder (OR=1.67, Clg50~.78
— 3.56, p=.183), marijuana use disorder (OR=1.02, Clgs¢~.44 — 2.38, p=.964), or other SUD
(OR=.80, Clg59~.67 — 7.42, p=.190). Persistent ADHD symptoms were unrelated to
nicotine dependence (OR=1.95, Clg5¢~.93 — 4.06, p=.075), and Hechtman et al. (2016)
previously reported that ADHD persistence predicted marijuana use disorder and other SUD,
but not alcohol use disorder.

Discussion

We examined several ways that adolescent depressive symptoms might play a role in
ADHD-related risk for both adolescent and young adult substance use in a 16-year
longitudinal study of children with and without ADHD. Adolescent depression, both time-
varying and averaged over time, were associated with use of all substances in adolescence,
but there was no support for its role as mediator and there was limited support for its role as
moderator, of the association between childhood ADHD and later substance use. With one
exception (adolescent depression predicted more adult marijuana use for the LNCG only),
depression did not prospectively mediate or moderate ADHD-related risk for any other
substance. By young adulthood, nicotine dependence (but no other SUD) at age 25 was more
prevalent in the ADHD group when a depression diagnosis was also present. Persistent adult
ADHD symptoms did not interact with depression diagnosis to further increase risk of any
SUD at age 25. Together, findings suggest depression and ADHD are independent, additive
sources of substance use risk.

Adolescent depressive symptoms are consistently associated with adolescent substance
use in ADHD and non-ADHD groups alike.

Elevated adolescent depressive symptoms were associated with more frequent substance use
in adolescence across LNCG and ADHD groups. Adolescent depressive symptoms that were
more severe on average, and depressive symptoms in adolescence that were more severe at a
given age than usual for a given person, were associated with more frequent adolescent use
of all substances. Crucially, it is not just adolescents experiencing persistent depressive
symptoms who are at risk for substance use. Time-limited periods of heightened depressive
symptoms are also associated with adolescent substance use risk, though not especially so
for teens with childhood ADHD histories. Depressive symptoms were more severe, on
average, for adolescents from the ADHD group compared to the LNCG, consistent with
prior cross-sectional findings (Meinzer et al., 2014) and with a prior MTA analysis of
adolescent depressive symptoms and disorder (Molina et al., 2009). Yet the absence of
adolescent moderating effects suggests that depression strictly adds to, but does not modify,
ADHD-related risk for substance use in adolescence. Whether these associations are
reciprocal or transactional over time merits further study.
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Overall, results are consistent with other research showing that depressive symptoms are an
important correlate of elevated substance use in a developmental period when young people
are beginning to experiment with substances, largely in social settings, and when persistent
patterns of use are not yet established (Katz, Fromme, & D’Amico, 2000). Drinking for
tension-reduction or to self-medicate against negative mood is unlikely to be the principal
force behind depression-substance use associations at this age (Molina & Pelham, 2014), but
substance use may co-occur with other problems in adolescence related to negative affect,
such as academic, family, and behavioral difficulties (Chassin, Colder, Hussong, & Sher,
2013).

We did not find a parallel pattern of associations between adolescent depression and adult
substance use. This is not entirely surprising given that longitudinal connections between
substance use and depression (disorder or symptom severity) have emerged in only a
minority of studies (Hussong et al., 2017; Lev-Ran et al., 2014). For many people,
depressive symptoms come and go (Judd & Akiskal, 2000), raising the possibility that its
influence on substance use may not accumulate for people whose symptoms are time-limited
or who do not experience recurring depressive episodes. In the present sample just 5.4% of
the LNCG (n=14/258) and 9.7% of the ADHD group (n=53/547) reported mean CDI scores
in adolescence at or above threshold for clinical concern (i.e., 213; Kovacs, 1992).
Depression in another study was not longitudinally associated with alcohol use until the /aze
twenties (age 25-29; Wang et al., 2019), perhaps reflecting an evolution of chronic
problematic substance use associated with negative affect that reciprocally reinforces
continued use. In adolescence, however, adolescent depression did not prospectively predict
young adult substance use (when occasional use is normative and regular use is not unusual).
The notable exception is our finding for marijuana use.

Adolescent depressive symptoms prospectively predict adult marijuana use.

Marijuana was the only substance for which average depressive symptoms in adolescence
prospectively predicted more frequent use in young adulthood, in line with prior evidence
that depression-related prospective risk was heightened for drug use but not alcohol or
cigarette smoking (Wilens et al., 2011). However, we interpret this finding with caution
because we repeated our tests of depression effects across four distinct substance classes,
increasing risk of Type I error. We found that young adults with ADHD histories were at
increased risk for regular marijuana use regardless of their depressive symptom severity in
adolescence—consistent with a similar antagonistic moderating effect from a birth cohort
study in which low adolescent depressive symptoms appeared to protect against frequent
marijuana use in young adults without childhood ADHD (Yoshimasu et al., 2016). Unlike
alcohol, for which we observed no prospective prediction, marijuana is commonly used
while alone (Buckner et al., 2015), perhaps increasing its appeal for managing affective
states in non-ADHD populations.

Vulnerabilities such as maladaptive coping (e.g., Harty et al., 2017) may contribute to
frequent marijuana use by young adults with ADHD histories, many of whom believe
marijuana to be therapeutic in managing ADHD symptoms and impairment (Cooper et al.,
2017; Mitchell et al., 2017). Adults with ADHD routinely report benefits such as feeling
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calmer, less restless, and improved focus (Cooper et al., 2017), and online forums also
feature comments promoting marijuana as therapeutic for ADHD (Mitchell et al., 2016).
Qualitative interviews in the MTA showed that beliefs about ADHD-related therapeutic
effects of marijuana were held by half of substance-using young adults with childhood
ADHD (Mitchell et al., 2017). For young adults without ADHD histories, expectations of
marijuana-related tension-reduction that become more established toward the end of
adolescence and may account for its frequent use in young adulthood by those with elevated
adolescent depression. For young adults withh ADHD histories, such expectations may be
overshadowed by the belief that marijuana has ADHD-specific benefits, accounting for its
frequent use by those with high and low adolescent depression.

ADHD symptom severity predicts but does not compound adult substance use risk.

Adolescent ADHD symptoms were prospectively associated with more frequent adult use of
every substance except alcohol. In addition, ADHD symptom persistence in young
adulthood predicted marijuana and other drug use disorders but not alcohol use disorder.
Prospective links between ADHD symptoms and frequent use of a broad range of substances
in adulthood is consistent with the strong longitudinal associations typically found between
externalizing problems and later substance use (e.g., Hussong et al., 2011). Importantly,
none of our exploratory depression x ADHD symptom interactions nor depression diagnosis
x ADHD symptom persistence interactions were significant, indicating that these two
potential vulnerabilities do not appear to exacerbate each other’s effects in early adulthood.
An adult depression diagnosis was associated with nicotine dependence at mean age 25,
whereas ADHD symptom persistence was associated with marijuana and other SUD.

Study Limitations

We considered the potential impact of ADHD symptoms on depression mediation and
moderation, and we also adjusted for differences between children whose ADHD was or was
not comorbid with CD or ODD. However, our analyses did not account for associations with
other relevant diagnoses, particularly anxiety. Anxiety disorders have been linked to SUDs
(e.g., Grant et al., 2004) but less consistently to substance use. A recent systematic review
found that anxiety predicted both increases and decreases in later substance use (Hussong et
al., 2017), likely owing to differences in how specific forms of anxiety convey risk (e.g.,
Marmorstein et al., 2010). Future studies devoted specifically to untangling these
complexities are needed.

Depressive symptoms were measured using self-reports at ages 8 through 17, generally
preferred assessing youth internalizing symptoms when multiple reports are not collected
(e.g., De Los Reyes et al., 2015). However, the difference in depressive symptom severity
between ADHD and LNCG was small, suggesting low power to detect mediated and
moderated effects. Similarly, by mean age 25, rates of past-year major depressive disorder in
the ADHD group were modest and similar to those in the LNCG (<5% in both groups;
Hechtman et al., 2016). The relatively few ADHD cases with young adult depression (/7=42)
suggests that we also had low power to test differences in rates of SUDs for those with and
without a depressive disorder.
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In a 16-year longitudinal study of children with and without ADHD, we found no evidence
that depressive symptoms mediated ADHD-related substance use risk. In adolescence,
depression did not exacerbate effects of childhood ADHD on any substance use. Average
and time-varying depressive symptoms in adolescence were concurrently associated with
more frequent use of all substances in both ADHD and non-ADHD groups. Prospectively,
our finding that adolescent depression moderated ADHD-related risk for adult marijuana use
invites further exploration. Beliefs about potential symptom-relieving benefits of marijuana
may help to explain elevated rates of marijuana use in young adults with ADHD histories.
Adult depression diagnoses and ADHD persistence into adulthood provided separate but
additive risks for substance use disorder. Our findings did not show depression playing a role
in explaining or altering the developmental course of substance use in children with ADHD.
However, given their additive risks, relatively modest depression in adolescence (along with
other underlying risks such as academic and behavioral impairments) may signal an early
opportunity for intervention during a developmental period of escalating substance
experimentation.
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Figure.
Estimated marginal probabilities of weekly or greater marijuana use at ages 17 and 25 for

cases with childhood ADHD (ADHD) and without childhood ADHD (LNCG), as a function
of average depressive symptoms reported in adolescence. Hi Dep = depressive symptoms 1
standard deviation above average. Lo Dep = depressive symptoms 1 standard deviation
below average. Lines show 95% confidence intervals around each estimate.
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Table 1

Transmission of ADHD-Related Risk for Adult Substance Use via Adolescent Depressive Symptoms: Tests of
Mediation

Depression Heavy Drinking Marijuana Use Est Daily Smoking Ilicit Drugs Est

Est (95% Cl) Est (95% Cl) (95% CI) Est (95% Cl) (95% CI)
Direct effects
a
ADHD v. LNCG — 067*(03,.08) - . B B}

Depression

a
ADHD+CD/ODD v. ADHD- _04**(_01’ 07) - - R
only — Depression

b pression — Adult SU - -34(-1.41, .74) 79 (-.60, 2.17) 2.62 (-.93, 5.74)
c
< ADHD v. LNCG — Adult - -.25 (-.63, .12) 26 (-.23,.74) 2.28°%(1.20,3.37)
c
ADHD+CD/ODD v. ADHD-  _ .09 (-.33, .52) -.09 (-.65, .47) 52 (-.70, 1.74)

only — Adult SU

Indirect (mediated) effects

ADHD v. LNCG —

depression —» Adult SU - -.02 (.09, .04) .04 (-.03, .13) 15 (.03, .35)

ADHD+CD/ODD v. ADHD-

only — depression — AdultSU  ~ ~01(=.06,.03) 03 (=02,.11) 10 (=.02,.28)

1.17 (~.26, 2.60)

-.10 (-.61, A1)

56 (.03, 1.15)

.07 (-.01, .16)

.05 (-.01, .13)

Note. Est= regression coefficient. Cl = confidence interval around the estimate. For indirect (mediated) effects, £s¢= product coefficient
representing the indirect effect testing mediation via depressive symptoms. Positive values suggest depression transmits increased ADHD-related

risk for adult substance use; negative values indicate depression transmits reduced ADHD-related risk for adult substance use.

a“a" paths in the mediation model.
b“b" paths in the mediation model.
c“c-prime" (direct effect) paths in the mediation model

Aok
p<.006
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Table 2

Effects of Depressive Symptoms in Adolescence on Adolescent Substance Use (Concurrent Effects) and on
Adult Substance Use (Prospective Effects): Nonlinear Multivariate Multilevel Model Results Testing
Moderation

HeaVé(DSII“:_i;king Marijuana Use B(SE) Dailéfsné(;king Ilicit Drugs B(SE)
Part 1: Concurrent effects on
adolescent use (age <18)
LNCG vs. ADHD? 11(28) ~25(30) -15377(46) -717(:36)
ADHD + CD/ODD vs. ADHD-only .19 (.33) .27 (.33) -.03 (.44) -.04 (.36)
Effects of time-varying symptoms
Depression 977(47) 967 (.48) 1.30*(.66) 1.417(.60)
Inattention 467 (.24) .22 (.25) .50 (.35) .25 (.32)
Hyperactivity-impulsivity .24 (.28) 59 *(.28) .50 (.40) .51 (.38)
Effects of average adolescent
symptoms
Avg depression 65 (.85) 3.05™7(77) 3.29%(1.22) 1.777(.78)
Avg inattention A7 (.32) .16 (.34) .86 (.46) -.07 (.34)
Avg hyperactivity-impulsivity .38 (.35) 82 *(.36) .55 (.48) .59 (.36)
Interactions
Avg adolescent depression x Age -917(27) - -.59 (.35) -
Part 2: Prospective effects on adult use
(age 18+)
LNCG vs. ADHDa .16 (.22) -.43 (.30) —-2.48 **(52) 13 (.32)
ADHD + CD/ODD vs. ADHD-only -13(.25) .20 (.36) 21 (54) 51(.37)
Effects of average adolescent
symptoms
Avg depression -.34 (.54) 1.52 *(_73) 1.87 (1.25) .94 (.75)
Avg inattention -.09 (.23) 86 *(_31) 1.78 **(_53) .27 (.33)
Avg hyperactivity-impulsivity 45 (.25) 26 (.37) 70 (57) 73%(.35)
Interactions
Avg adol depress x LNCG v. ADHD - 3.25 *(152) - -
Avg adol hyper x LNCG v. ADHD - ~1.49 *(.74) - -

Note. Coefficients represent the log odds of using each type of substance. Effects not shown include model intercepts, trajectories of change in use
over age and by group (LNCG, ADHD, ADHD+CD/ODD), baseline sociodemographic covariates, and study site. These were presented in Molina
et al. (2018) and are not repeated here.

a . - . . . .
Regression coefficients represent LNCG-ADHD differences unadjusted for ADHD symptom severity. Dashes in some cells ( - ) refer to
interaction terms not present in the given model due to trimming, as described in the analysis plan.

*
p<.05
HoAk

p<.005.
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Table 3

Model-implied marginal probabilities of substance use at age 17 given relatively lower versus higher time-
varying and average depressive symptoms in adolescence

Monthly Heavy Drinking %  Monthly Marijuana Use % Daily Smoking % Any lllicit Drug Use %
LoDe HiDe %H LoDe HiDe %H LoDe HiDe %H LoDe HiDe %H

p p L p p L p p L p p L

ADHD

Time-varying
depressive symptoms 9.1 10.4 14.3 11.8 134 136 11.9 140 176 5.5 7.3 32.7
Average depressive
symptoms 9.1 10.3 132 9.4 16.7 777 96 171 781 49 8.1 65.3
LNCG

Time-varying
depressive symptoms 9.6 11.0 14.6 10.2 11.7 14.7 5.3 6.3 189 4.9 8.1 65.3
Average depressive 9.7 11.0 134 8.1 146 802 42 18 857 27 45 667

symptoms

Note. Table entries are estimated marginal probabilities of each behavior given as percentages. “LoDep” = One standard deviation below mean for
the measure of depressive symptoms. “HiDep” = One standard deviation above mean for the measure of depressive symptoms. “%HL” = Percent
by which substance use frequency in the H7iDep column exceeds substance use frequency in the LoDep column.
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Presence of Substance Use Disorder at Mean Age 25 (last available adult assessment) for ADHD Group Cases

with and without

a Depression Diagnosis in Adulthood

Alcohol use disorder
Marijuana use disord
Nicotine dependence

Other SUD

Percentage with SUD

n  Depression Present  Depression Absent x? p
96  12/40 (30.0%) 84/416 (20.2%) 211 .15
er 89 8/39(20.5%) 81/416 (19.5%) .02 .88
39 9/36 (25.0%) 30/398 (7.5%) 1231 <.001
21 4/40 (10.0%) 17/416 (4.1%) 290 .09
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