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Abstract

Objective: Test differential prospective prediction of growth in externalizing behavior, including
oppositional defiant disorder (ODD), conduct disorder (CD) and substance use disorders (SUDSs),
by earlier hyperactive-impulsive (HI) versus inattentive (IN) symptoms of attention-deficit/
hyperactivity disorder (ADHD).

Method: Participants in the Longitudinal Assessment of Manic Symptoms (LAMS) Study
(V=685 at study entry), including 458 boys and 227 girls ages 6—12, completed full parent-

and self-report assessments every year for eight years on the Kiddie Schedule for Affective
Disorders and Schizophrenia. Three sets of analyses were conducted. First, hierarchal regression
(block entry) was used to test independent associations between (a) HI symptoms and later
externalizing outcomes, controlling for IN symptoms, and (b) IN symptoms and later externalizing
outcomes, controlling for HI symptoms. Second, logistic regression was used to test progression
of DSM externalizing disorders. Third, tests of mediation were used to assess potentiation

of externalizing progression through environmental risk mediators (eg, family environment,
neighborhood violence).
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Results: Consistent with hypotheses derived from trait impulsivity theories of externalizing
behavior, HI symptoms were associated independently with long-term externalizing outcomes,
whereas IN symptoms were not. Between months 48 and 96, ADHD-HI/C diagnoses predicted
later ODD diagnoses, ODD diagnoses predicted later CD diagnoses, and CD diagnoses predicted
later SUD diagnoses. Evidence for environmental risk mediation (eg, parental monitoring,
neighborhood violence) was also found.

Conclusion: Findings support trait impulsivity models of externalizing progression, whereby
ADHD-HI/C predisposes to increasingly severe externalizing behaviors, which are magnified in
contexts of environmental risk.
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Introduction

Traditionally, externalizing behavior disorders including attention-deficit/hyperactivity
disorder (ADHD), oppositional defiant disorder (ODD), conduct disorder (CD), substance
use disorders (SUDs), and antisocial personality disorder (ASPD) have been treated as
distinct, as instantiated in the DSM-5.1 However, high rates of both concurrent and
sequential comorbidity of externalizing disorders are well characterized. In fact, progression
of increasingly severe externalizing disorders across the lifespan has been described for over
50 years234:56. and verified longitudinally.’

Prominent theoretical models attribute concurrent comorbidity and externalizing progression
to shared genetic liability to impulsivity and its interactions with environmental risk 8910
Behavioral genetics studies of child, adolescent, and adult samples invariably yield a single,
highly heritable trait on which all externalizing syndromes load.%1 Certain environmental
risk factors, such as abuse, maltreatment, and neighborhood violence, can potentiate this
genetic liability to “pull” some individuals along the externalizing spectrum.12 Such theories
are supported by twin studies showing that comorbidity among ADHD, ODD, and CD is
explained by both genetic vulnerability and shared environmental risk.13 Thus, in many
cases, externalizing progression might best be understood as a series of pathoplastic
expressions of disease etiology whereby a single, multifactorial genetic trait—expressed

as impulsivity—is shaped by potentiating environments into different presentations across
development (ADHD, ODD, CD, SUDs, ASPD).8:14

According to trait impulsivity theory, genetic liability to externalizing disorders

and externalizing progression is expressed as early as preschool by temperamental
irritability, negative affectivity, and poor inhibitory control.1516 This trait predisposes
affected individuals specifically to hyperactive-impulsive (HI) symptoms of ADHD.
Etiologically, this pathway is linked to low tonic and low phasic midbrain dopamine
(DA) responding®17, well-replicated neural correlates of ADHD!8. Although this
neurodevelopmental vulnerability gives rise to both the ADHD-HI and ADHD combined
(C) presentations1?, inattentive (IN) symptoms are presumed to arise secondarily to
hyperactivity-impulsivity. In contrast, the primarily ADHD-IN pathway involves fronto-
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parietal dysfunction2, which yields direct (versus secondary) development of inattention.
The etiological distinction between ADHD-HI/C and ADHD-IN is supported by bifactor
structural models that show strong associations between ODD and HI symptoms but not
between ODD and IN symptoms.2> Moreover, network analyses identify impulsivity—not
inattention—as a core mechanism underlying increasingly severe externalizing symptoms in
cross-sectional studies spanning early childhood to adolescence.??

Despite empirical support for trait impulsivity theory, more longitudinal research is needed.
Existing research comprises mostly short-term studies of limited size. These studies show
that (1) ADHD-HI/C confers vulnerability to externalizing progression, over-and-above
effects of ADHD-IN7, (2) ADHD-HI/C usually precedes emergence of ODD®23, and (3)
ODD confers prospective vulnerability to CD824 (see Supplement 1, available online, for
expanded discussion). These findings are consistent with the progression of externalizing
disorders specified above.8:6:7 Nevertheless, validation is needed in large, prospective
samples. Tests of the theory may have important implications for targeted prevention among
vulnerable children with ADHD-HI/C.

In this study, we test trait impulsivity theory in the Longitudinal Assessment of Manic
Symptoms (LAMS) Study2, described below. We note that other externalizing etiologies
exist?6:27. Here, however, we test the trait impulsivity pathway by evaluating whether (1) HI
symptoms predict later development of ODD, CD, and SUDs, over-and-above IN symptoms;
(2) IN symptoms predict later development of ODD, CD, and SUDs, over-and-above HI
symptoms; (3) progression of externalizing disorders follows a pattern from ADHD-HI/
C—0ODD—CD—SUDs; and (4) externalizing progression is mediated by environmental
risk factors, including parenting, stressful life events, and neighborhood violence. Based on
literature cited above, we expected HI but not IN symptoms to predict independent variance
in future externalizing behaviors, and environmental risk factors to potentiate (mediate) such
effects.

Participants were recruited from nine child outpatient mental health clinics in the
Midwestern U.S.25 Children ages 6-12 years were screened for symptoms of mania using
the Parent General Behavior Inventory 10-item Mania Scale (PGBI-10M).28 Children who
scored = 12 were invited to participate. A smaller sample of children matched on age,

sex, and race who scored < 11 served as controls. Following explanation of procedures,
707 children (621 with elevated PGBI-10M scores, 86 controls) enrolled. These groups
did not differ on rates of any psychiatric diagnosis. Parental consent and child assent

for data collection and publication were obtained using local IRB-approved procedures.
Following baseline assessments, 685 children were eligible for the longitudinal phase (22
were excluded for autism, 1Q<70, or family relocation). Demographics of the full sample
appear in Table 1. Although children were not recruited for ADHD, most (17=527, 76.9%)
met criteria at study entry. Among them, 66% met criteria for ADHD-HI/C, 20% met criteria
for ADHD-IN and 13% met criteria for ADHD-NOS. Children were assessed annually
using the full Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS)3° for
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up to 10 years (six-month assessments did not include all K-SADS modules and are not
used here).31 For this study, eight years of data were available. Thus, long-term follow-up
refers to 96-month assessments. Most variables at baseline had < 5% missing. By month 96,
data from almost half of participants (7=329, 48%) were missing. We discuss imputation
procedures and analytic approaches to handling missing data below.

Baseline descriptive statistics for participants diagnosed with ADHD-HI/C, and comparisons
between these participants and all others in the sample on measures of psychopathology

and environmental risk appear in Supplement 1 and Tables S1-S3, available online. Among
52 contrasts, 2 were significant. These included 1 of 8 DSM-IV mood disorders (those
diagnosed with ADHD-HI/C scored lower) and neighborhood violence (those diagnosed
with ADHD-HI/C experienced less).

Child Functioning and Psychopathology—The K-SADS assessed DSM externalizing
syndromes. Additional items assessing mood disorders and pervasive developmental
disorders were added from the Washington University (WASH-U)-K-SADS.32 Interviews
were administered separately to children and caregivers by trained interviewers. Test-retest
reliabilities were good to excellent for clinical diagnoses.3? Symptoms were rated on 0-3
point ordinal scales anchored from not present to above clinical threshold. All participants
were administered the main K-SADS section, which includes screening symptoms for

all diagnoses. Participants who received clinically elevated scores on screening variables
were administered supplemental sections with remaining diagnostic criteria for behavior
disorders, anxiety, SUDs, etc. Participants who completed the main K-SADS but were not
administered supplemental sections were assigned “not present” values for those symptoms.
KSADS summary items used for analyses were derived from combinations of parent- and
child-reports based on expert judgements (clinical decisions) of licensed psychiatrists and/or
psychologists, who also rendered consensus diagnoses. Externalizing diagnoses include
ADHD-HI/C, ODD, CD, and SUDs. We analyze both dimensional scores (summary of
symptom ratings) and diagnoses for all externalizing disorders and ADHD-IN.

Children’s 1Qs were assessed using the Children’s Wechsler Abbreviated Scale of
Intelligence (WASI).33 The WASI is validated for ages 6-89 years. We used full-scale 1Qs

(FSIQ).

Parent Behavior—The Parent Stress Survey (PSS)34 assesses severity of parental stress
across 25 self-report, Likert-type items ranging from 0 (not at all stressful) to 4 (very
stressful). Previous analyses in this sample found high internal consistency, a=.91.31

The Parent Monitoring Form (PMF)3® assesses whether parents/caregivers know where their
children are, and with whom and how they spend free time. PMF scores correlate with police
contacts and delinquent behaviors.3> PMF collection began at month 60.

Environment—Participants reported demographic information at baseline including age,
sex, race, ethnicity, etc. Socioeconomic status was indexed by (1) annual household income
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(8-point scale from $0-19,000 to >$200,000) and (2) household educational attainment
(0=no high school to 12=post-secondary education).3®

The Stressful Life Events Schedule for Children and Adolescents (SLES)3 is a parent- and
child-report measure of 80 stressful life events and their effects on children during the past
12 months. Parent and child agreement on occurrence of severe events is acceptable (x=.73).
The SLES demonstrates convergent validity with related measures.3” We used life events
including parent-reported neighborhood violence, child-reports of being caught committing
crimes, and a composite of stressful events endorsed by parents.

Descriptive Statistics

Children’s mean age at baseline was 9.4 years (range=6-12; see Table 1). The sample

was 66.9% male and 64.5% white. Mean annual family income was between $40,000-
$80,000. For 48.3% of families, the primary and/or secondary caretaker completed at least
some college. For 10.0% of families, neither the primary nor secondary guardian/caretaker
finished high school. Boys (M=9.26, SD=1.89) were slightly younger than girls (A/=9.68,
SD=1.98, ¢=0.21). Ethnicity was not associated with age, sex, SES, or 1Q. Family income
and education were correlated with 1Q, r=.23, p<.001 and r=.36, p<.001, respectively.

Table 2 shows frequencies of diagnoses at each assessment. Participants scored very high
on externalizing disorders at baseline. Over three-quarters (76.9%) received an ADHD
diagnosis (51.1% ADHD-HI/C, 15.6% ADHD-IN, 10.2% ADHD-NOS (DSM-IV criteria).
In addition, 35.2% of participants received an ODD diagnosis at baseline and 7.6% received
a CD diagnosis. None received SUDs diagnoses. Sample-wide, rates of ADHD, ODD, and
CD decreased over time, whereas SUDs increased. Increases and decreases in diagnoses
over time were not due to selective attrition (see below).

Analytic Plan and Missing Data

Analyses proceeded in three phases. First, hierarchal regressions (block entry) tested
independent associations between (a) HI symptoms and later externalizing outcomes,
controlling for IN symptoms, and (b) IN symptoms and later externalizing outcomes,
controlling for HI symptoms. Second, logistic regressions tested progression of DSM-I1V
disorders, including ADHD-HI/C, ODD, CD, and SUDs. Third, mediational analyses tested
potentiating effects on externalizing progression by environmental risk factors (parenting,
stressful life events).

Before conducting analyses, we evaluated attrition. By long-term follow-up, up to 329
(48%) participants had missing data on certain variables (Table 2). Attritted participants
reported higher baseline parent-child relationship dysfunction, {682)=2.31, p=.021, ¢=0.18.
However, neither K-SADS symptoms nor diagnoses differed at baseline between children
who remained versus those lost to attrition. Nevertheless, we replaced missing data via 30
imputations in SPSS 25, consistent with current standards.38
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Hyperactive-Impulsive Versus Inattentive Symptoms and Externalizing Progression

To evaluate independent effects of baseline HI and IN symptoms on 96-month externalizing
behaviors, we used a block entry approach in which K-SADS ODD, CD, and SUD
symptoms were outcomes. For Block 1, symptoms were predicted by/adjusted for covariates
including (1) age at study entry given that participants varied in age (6 to 12 years) at
enrollment and given that ADHD-HI/C participants were slightly younger than others (see
Table S1, available online); (2) sex, given generally higher rates of externalizing among
boys vs. girls and given that there was a higher proportion of boys in the ADHD-HI/C
subsample (see Table S1, available online); (3) SES, given slightly lower family income
and parental education for the ADHD-HI/C subsample (see Table S1, available online); (4)
race/ethnicity, which often correlates with SES; and (5) 1Q, which often correlates inversely
with externalizing scores.

For Block 2, baseline K-SADS ADHD-IN symptoms were added to the model. For Block
3, baseline ADHD-HI symptoms were added to test their unique contribution to later ODD,
CD, and SUDs. We then repeated this approach, exchanging order of entry for ADHD-HI
and ADHD-IN symptoms, to test the unique contribution of ADHD-IN to later ODD, CD,
and SUDs. A similar approach has been used previously.’

Results appear in Table 3. Although effect sizes were modest, baseline HI symptoms
accounted for significant variance in 96-month ODD and CD symptoms, whereas IN
symptoms did not, consistent with hypotheses. Neither HI nor IN symptoms accounted

for SUD symptoms at 96-month follow-up. Of note, however, predictive power was limited
because only 6.7% of participants reported a SUD at follow-up.

Progression of Categorical Disorders

To evaluate progression of externalizing diagnoses (versus symptoms), we first ran a logistic
regression in which we entered baseline externalizing diagnoses to predict externalizing
diagnoses at month 96—a strategy used in previous studies.3° The only significant finding
was baseline ADHD-HI/C predicting 96-month ODD, OR=1.97, CI=1.02-3.78, p=.043.
These null results were unexpected given well-established prospective associations among
externalizing disorders, as reviewed above. As shown in Table 2, however, rates of
ADHD-HI/C diagnoses decreased after baseline, which is not unusual in studies of highly
symptomatic youth?9, who often fluctuate above and below diagnostic thresholds over time.
In this study, decreases in ADHD-HI/C diagnoses worked against tests of externalizing
progression, and may account for limited effect sizes observed. We therefore ran two
additional logistic regressions. In the first, we entered baseline externalizing diagnoses

in predicting future externalizing diagnoses at month 48. In the second, we entered

month 48 externalizing diagnoses in predicting future externalizing diagnoses at month

96. Odds ratios, adjusted for previous comorbidity, appear in Table 4. For 0- to-48 month
regressions, no evidence of externalizing progression was found. In contrast, 48-t0-96 month
regressions showed significant prediction of ODD by earlier ADHD-HI/C, CD by earlier
ODD, and SUDs by earlier CD (all ORs>2.69, all ps<.038). Thus, from 48-96 months,

each externalizing disorder predicted a later, more severe externalizing disorder (ADHD-
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HI—0ODD—CD—SUDs). Of note, CD diagnoses at month 48 also predicted ADHD-HI/C
diagnoses at month 96.

Mediation of Externalizing Progression

Finally, we assessed progression of externalizing disorders through environmental risk
mediators. Given differentially relevant mediators based on age (see above)®, we conducted
three sets of analyses. The first assessed mediating effects of parent-child relationship
dysfunction and parental stress on progression of externalizing from baseline to month 48.41
The second assessed mediating effects of neighborhood violence and reported crimes on
progression of externalizing from months 48 to 96.12 The third assessed mediating effects
of parental monitoring on progression of SUDs from months 72 to 96 (parental monitoring
was not assessed at earlier timepoints).#2 We report all outcomes for K-SADS symptoms
and diagnoses in Table 5. No additional mediational models were run that are not reported.
We used the SPSS MEMORE macro, which assesses longitudinal relations between earlier
predictors and later outcomes through change in putative mediators over time.*3

Several significant mediators were identified. From 0-48 months, parental stress mediated
growth in ADHD-HI/C symptom severity and diagnoses, as well as progression of
ADHD-HI/C to later CD. From 48-96 months, crime mediated increases in ADHD-HI/C
diagnoses and progression of ADHD-HI/C to later ODD and CD. In addition, neighborhood
violence mediated progression of earlier ADHD-HI/C to later CD. From 72-96 months,
parental monitoring mediated the relation between earlier ADHD-HI/C and increasing SUD
symptoms. Although remaining effects were not significant, Cls fell overwhelmingly to the
right of zero (Table 5), consistent with previous research.8:12:41:44

Discussion

We evaluated three hypotheses, following from trait impulsivity theory. This perspective
suggests that for some individuals, a single, multifactorial genetic liability, expressed

early in life as temperamental impulsivity and ADHD-HI/C, predisposes to increasingly
severe externalizing disorders across development, especially in contexts of risk8. Our first
hypothesis was that baseline ADHD-HI/C would predict 96-month externalizing outcomes,
including ODD, CD, and SUDs, over-and-above effects of baseline ADHD-IN, but baseline
ADHD-IN would not predict 96-month externalizing outcomes, over-and-above effects of
baseline ADHD-HI/C. For both ODD and CD, this hypothesis was supported. Although
effect sizes were modest, the timespan of prediction was eight years. Baseline ADHD-HI/C
did not predict 96-month SUDs. However, frequency of SUDs was low (6.7%).

Second, we hypothesized progression of externalizing disorders from ADHD-HI/
C—0ODD—CD—SUDs. This hypothesis was partly supported. Across 48- to 96-month

but not 0- to 48-month assessments, ADHD-HI/C predicted later ODD, ODD predicted later
CD, and CD predicted later SUDs. Even though ADHD-HI/C predicted later ODD, it did not
predict later CD or SUDs when all were in the same model (Table 4). Such is not unexpected
for disorders that derive from a common trait given that variance shared by all disorders is
statistically removed once the ADHD-HI/C—ODD pathway is accounted for.4> Put another
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way, if the etiologic pathway is serial, removing the first “leg” of the pathway leaves later
legs “cut off”.

We were careful to address directions of externalizing progression. The regressions reported
in Tables 3 and 4 demonstrate that (1) ADHD-HI and not ADHD-IN predicted later

ODD, CD, and SUDs; and (2) ODD, CD, and SUDs did not predict later ADHD. Thus,
ADHD predicts later ODD, not vice versa, similar to previous reports®23, However, ODD
did predict later CD, and CD predicted later SUDs. We tested these pathways explicitly,
controlling for other disorders in the model. Because the models in Table 4 control

for previous diagnoses, they evaluate diagnostic progression, over-and-above diagnostic
stability.

Finally, we tested whether externalizing progression was mediated by environmental risk.
From 0-48 months, parental stress mediated growth in ADHD-HI/C and CD. From 48-96
months, criminality mediated growth in ADHD-HI/C and progression of ADHD-HI/C to
later ODD and CD. In addition, neighborhood violence mediated progression of earlier
ADHD-HI/C to later CD. From 72-96 months, low parental monitoring mediated growth

in ADHD-HI/C and SUDs. These mediators were chosen for specific age ranges following
existing research.8124142 Confidence intervals for remaining mediational effects, though
not significant, skewed heavily to the right of zero. Of note, our tests of mediation followed
from theory, and we did not test other possible mediation models (e.g., whether child
symptom progression mediated relations between family function and later child diagnoses).

In sum, marked but not full support was found for the notion that common liability
—expressed as trait impulsivity—portends externalizing progression, which is amplified

by environmental risk. To our knowledge, this is the second study to test the entire
ADHD—0ODD—CD—SUDs pathway. The first supported the pathway in a girls-only
sample.” Our findings extend previous research by capitalizing on a rich sample of children,
most of whom were affected by ADHD, across eight years.

We cannot eliminate the possibility of passive gene-environment correlation. In such
situations, genes shared by parents and children influence home environments, including
parenting. Genetically vulnerable parents may also be more likely to live in disadvantaged/
violent neighborhoods, thereby conferring both genetic and environmental risk to their
children. This could in part account for links between ADHD-HI/C and later CD.

One important limitation is the decline in ADHD-HI/C diagnoses following baseline
assessments. LAMS participants were highly symptomatic at baseline (76.9% were
diagnosed with a DSM-IV subtype of ADHD). Regression to mean is expected over time
as symptoms fluctuate—often above and below diagnostic thresholds.4% High scores at
intake also produce ceiling effects and restrict range, which may have worked against
some hypotheses. In addition, LAMS participants were not recruited with these hypotheses
in mind. Instead, they were recruited based on manic symptoms. Nevertheless, very few
developed a bipolar spectrum disorder.46

Those who reported higher parent-child relationship dysfunction were more likely to drop
out, and almost half of the original sample was lost to attrition by month 96. However,
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baseline K-SADS symptoms and diagnoses were unrelated to attrition. Nevertheless, we
used state-of-the art imputation procedures that minimize bias. That said, better retention
would have been ideal, however difficult across eight years.

It is also possible that ongoing treatment affected results. Participants from multiple LAMS
sites were recruited from clinics where they initiated treatment. This may have dampened
diagnostic progression, working against hypotheses. Given a clinical sample, generalization
to community youth with externalizing psychopathology should be made with caution.

Finally, recent research identifies irritability as a transdiagnostic feature of externalizing
(and other) disorders*’. Some neuroscientific accounts identify common neural mechanisms
of irritability (an emotion) and impulsivity (a behavior). According to these models,
impulsive behavior is sometimes motivated by irritable mood and emotion8. Because
LAMS was planned prior to the current upsurge in irritability research, no validated measure
of irritability was included. We chose not to derive a patchwork measure and instead
evaluated traits for which well-validated measures were available.

Data from LAMS provided an opportunity to evaluate hypotheses related to trait impulsivity
theory of externalizing progression across eight years. Externalizing diagnoses exhibited
substantial continuity, and evidence of symptom progression was found. Several mediators
of externalizing progression identified in previous, short-term longitudinal studies were also
confirmed despite less precise measures (parent-reports not direct observations). Findings
extend existing literature, and point toward the need to intervene early in life among young
children with ADHD-HI/C. Reversing established conduct problems more difficult than
preventing them among vulnerable children using family interventions.*® We hope findings
presented herein contribute to earlier diagnosis and treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:
Demographics at Baseline
Variable M SD N %
Age in years 9.40 1.93
Sex
Male 458  66.86
Female 227 33.14
Race
White 442  64.53
Black/African American 210 30.66
Asian 6 8.76
Native Hawaiian/Other Pacific Islander 2 0.29
American Indian/Alaska Native 24 3.50
Missing 1 0.15
Ethnicity
Not Hispanic or Latino 654 95.47
Hispanic or Latino 31 4.53
Household education? 725 429
Household incomeb 19 217
Wechsler 1Q score 98.40 15.78

Note:

Page 13

aEducation indexed as sum of high school education (1=some high school, 2=general education diploma (GED), 3=high school diploma) plus years
of college and graduate programs for primary and secondary caregivers.

bFamin income based on an 8-point scale ranging from 1=$0-$19,000 through 8>$200,000.
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