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Abstract

Objective: This study examined whether “top-down” and “bottom-up” control processes can differentiate children with
ADHD who exhibit co-occurring aggression and/or internalizing symptoms. Method: Participants included 74 children
(M age = 10.7 years) with a Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV) diagnosis of ADHD.The
authors’ top-down measure was executive functioning (EF) indexed via two neuropsychological tasks whereas their bottom-
up measure was emotional reactivity. Parents also reported on children’s aggression and internalizing symptoms. Results:
Emotional reactivity was associated with co-occurring aggressive symptoms, regardless of the presence of internalizing
symptoms or ADHD symptom severity, whereas EF deficits were less likely to occur in children with ADHD and co-
occurring internalizing symptoms. Conclusion: The authors’ findings highlight the importance of integrating top-down
and bottom-up regulatory measures when studying the multipathway conception of ADHD and its co-occurring problems.
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The core symptoms of ADHD, consisting of inattention,
hyperactivity, and impulsivity, are associated with signifi-
cant impairment across children’s social, cognitive, aca-
demic, behavioral, and familial functioning (Mash &
Barkley, 2003). The public health costs associated with
ADHD are also significant, as a recent illness analysis sug-
gested an annual societal cost of US$42.5 billion (Pelham,
Foster, & Robb, 2007). Given its prevalence and impact, it
is not surprising that over the past three decades a consider-
able amount of research has focused on the etiology of
ADHD (Barkley, 1997; Nigg, Goldsmith, & Sachek, 2004)
and subsequent treatment (The MTA Cooperative Group,
1999; Pelham & Fabiano, 2008). In terms of the etiology of
ADHD, the past two decades have seen a resurgence of cog-
nitive theories that along with neuropsychological data
have stressed the role of executive functioning (EF) pro-
cesses or cognitive control (Barkley, 1997; Posner, 2004).
More recently, however, researchers have emphasized the
nonunitary nature of ADHD as a significant number of chil-
dren with ADHD do not display EF deficits (Nigg, Willcutt,
Doyle, & Sonuga-Barke, 2005; Willcutt et al., 2005). Sub-
sequently, a temperament based multipathway conception

of ADHD has been recently suggested to examine poten-
tially distinct etiological determinants of symptoms of
ADHD (i.e., inattention vs. hyperactivity/impulsivity) as
well as its comorbidity with other disruptive behavior disor-
ders such as oppositional defiant disorder (Martel, 2009;
Martel, Nigg, & von Eye, 2009; Nigg, 2006).

ADHD and Temperament

Although theorists differ in the proposed numbers of tem-
perament dimensions and their emphasis (i.e., behavior vs.
emotion), they do agree that temperamental differences
reflect biological or physiological differences (Calkins,
1997; Goldsmith, Lemery, Aksan, & Buss, 2000; Kagan,
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Reznick, & Snidman, 1987; M. Rothbart & Bates, 20006).
The two most widely studied temperament dimensions
include emotional reactivity and regulation (M. Rothbart &
Bates, 2006). Emotional reactivity is characterized by a
latency to respond and a threshold of responsiveness and
can be measured behaviorally and biologically via cortisol,
heart rate, vagal tone, and electroencephalography (Calkins,
1997; Fox, Henderson, Rubin, Calkins, & Schmidt, 2001;
Gunnar, Tout, De Haan, Pierce, & Stansbury, 1996). It can
also be referred to as negative emotionality or a tendency to
respond intensely to emotion-evoking stimuli (Eisenberg
et al.,, 1996). In terms of regulation and building on the
work of Derryberry and Rothbart (1997), Eisenberg and
Morris (2002) differentiated control processes that are vol-
untary from those that are more reactive. The voluntary
branch refers to effortful control or an individual’s ability
to inhibit a dominant response and/or activate a subdomi-
nant response by voluntarily modifying one’s own attention
and behavior (Eisenberg & Morris, 2002; M. Rothbart &
Bates, 2006). Reactive control, on the other hand, refers to
aspects of control that appear to be automatic and/or invol-
untary (Eisenberg et al., 2009). As it relates to ADHD, this
dimension has been referred to as reactive under control as
it is thought to describe impulsive approach behaviors
(Eisenberg et al., 2004).

Research within the developmental literature has clearly
shown the importance of both effortful and reactive control
processes as it relates to children’s social competence and
externalizing symptomology (Eisenberg et al., 1996, 2004,
2009; Eisenberg & Morris, 2002; Graziano, Keane, &
Calkins, 2010). Similarly, previous studies that have used
clinical samples show that children with ADHD perform or
are reported as having poorer ER skills and are more reac-
tive compared with controls (Maedgen & Carlson, 2000;
Melnick & Hinshaw, 2000; Walcott & Landau, 2004).
However, as pointed out by several researchers, there
remains a significant gap in our knowledge of whether
(a) these temperament dimensions relate to different ADHD
symptoms and (b) whether such deficits are specific to
ADHD symptoms or co-occurring difficulties such as
aggression/oppositionality and/or internalizing symptoms
(Foley, McClowry, & Castellanos, 2008; Martel, 2009;
Martel et al., 2009).

Inattentive symptoms have been posited as being more
closely related to deficits in effortful control due to a closer
association with the meso-cortical dopamine system
whereas symptoms of hyperactivity and impulsivity are
posited as being related to deficits in reactive control due to
a closer association with the meso-limbic dopamine system
(Nigg, 2006; Sonuga-Barke, 2005). Attempting to integrate
other temperament traits (e.g., negative emotionality or
emotional reactivity) as well as neuropsychological models
focusing on EF deficits, Martel and colleagues (2009) made
a distinction of “top-down” and “bottom-up” processes that
are related to ADHD. Top-down processes refer to more

effortful aspects of regulation that are thought to rely heav-
ily on prefrontal circuitry (Nigg & Casey, 2005).
Temperamental traits of effortful control and conscientious-
ness as well as neuropsychological performance on EF
tasks are considered top-down processes (Eisenberg &
Morris, 2002; Martel & Nigg, 2006; M. K. Rothbart &
Posner, 2006). Bottom-up processes relate to reactive
behaviors that do not require conscious mental resources,
are more influenced by emotional stimuli, and are thought
to be mediated by subcortical brain regions such as the lim-
bic system (Eisenberg et al., 1996). Temperamental traits of
emotional reactivity, negative emotionality, neuroticism,
agreeableness, and extraversion are considered bottom-up
processes (Martel & Nigg, 2006). Indeed, a recent study by
Martel and colleagues using structure equation modeling
found preliminary support for using this two-factor
approach in examining ADHD symptoms as the top-down
factor was more closely associated with inattention symp-
toms of ADHD whereas the bottom-up factor was more
closely associated with hyperactivity/impulsivity.

ADHD and Co-Occurring
Aggression and Internalizing
Symptoms

The significant co-occurrence of ADHD and aggressive or
oppositional symptoms is well documented with estimates
rates ranging from 30% to 50% (Biederman, 2005; Spencer,
2006). There is some evidence that children with ADHD with
high levels of aggression tend to have poorer ER skills com-
pared with children with ADHD with low levels of aggres-
sion (Melnick & Hinshaw, 2000). Unfortunately, most
studies that have examined regulation and reactivity mea-
sures in children with ADHD were not able to examine co-
occurring levels of aggression (Maedgen & Carlson, 2000;
Walcott & Landau, 2004). Other temperamental traits such as
negative emotionality have also been shown to be associated
with more oppositional/defiance symptoms rather than pure
ADHD symptoms (Martel & Nigg, 2006). However, it
remains unclear within a clinical sample whether top-down
and bottom-up processes can significantly differentiate which
children with ADHD significantly display co-occurring
aggression/oppositional symptoms.

While most of the research attention has been given to
the co-occurrence between ADHD symptoms and aggression/
oppositionality, approximately 25% of children with
ADHD do exhibit an internalizing disorder (Jarrett &
Ollendick, 2008). Evidence from the neuropsychological
literature suggests that anxiety in children with ADHD may
minimize the effects of impulsivity but at the same time
make working memory deficits worse (see Schatz &
Rostain, 2006, for a review). However, as pointed out by
Jarrett and Ollendick (2008) in their own review of the lit-
erature, most studies examining the neuropsychological or
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top-down processes involved in children with ADHD’s
internalizing symptoms have failed to account for co-
occurring externalizing symptoms and have not included
emotional reactivity or bottom-up processes. Temperament
researchers have suggested an interaction between top-
down and bottom-up processes in the development of anxi-
ety in children with ADHD. For example, Nigg and
colleagues (2004) proposed that early difficulties with top-
down processes (e.g., effortful control) along with the
combined temperament traits of high emotional negativity
and low hostility place children in a pathway for the devel-
opment of both ADHD and anxiety difficulties. However,
most empirical studies have taken place in normative sam-
ples showing that, indeed, low effortful control along with
a reactive overcontrolling or behaviorally inhibited style of
approaching novel or stressful situations relates to internal-
izing symptoms (Eisenberg et al., 2001, 2009; Eisenberg &
Morris, 2002; Kagan, 1999). High emotional reactivity/
negativity and lower levels of ER skills have also been
shown in children and adolescents suffering from anxiety
(Carthy, Horesh, Apter, & Gross, 2010), although co-
occurring ADHD symptoms were not assessed.

In summary, recent research has alluded to the impor-
tance of examining top-down or more effortful control
processes versus bottom-up or more reactive processes to
better understand the multifaceted nature of ADHD,
its symptoms, and its co-occurrence with aggression/
oppositionality and internalizing symptoms (Martel et al.,
2009). Research has shown that children with ADHD
generally have deficits in either top-down and/or bottom-
up processes compared with children without ADHD
(Friedman-Hill et al., 2010; Sergeant, Geurts, Huijbregts,
Scheres, & Oosterlaan, 2003). It has also been recently
shown that the deficits seen in top-down processes are
more closely related to the inattentive symptoms of
ADHD whereas the bottom-up processes are more closely
related to the hyperactivity/impulsivity symptoms of
ADHD (Martel et al., 2009; Martel & Nigg, 2000).
However, what remains unclear is the extent to which
these deficits are specific to ADHD symptoms or if they
are more closely related to co-occurring difficulties such
as aggression/oppositionality and/or internalizing symp-
toms. Understanding the mechanisms by which ADHD
symptoms contribute to co-occurring difficulties is cru-
cial as it may allow treatments to better target such dif-
ferentiating factors. This is particularly important given
work from the MTA cooperative group (1999) showing a
differential response to traditional treatments of ADHD
(e.g., medication only vs. combined treatment) based on
comorbidity status (Jensen et al., 2001).

Current Study

The purpose of this study was to examine within a clinical
sample whether top-down and bottom-up regulatory pro-
cesses can significantly differentiate children with ADHD

who exhibit co-occurring aggression and/or internalizing
symptoms using dimensional and categorical approaches.
Within the dimensional approach, we sought to examine
concurrent associations between top-down and bottom-up
regulatory processes and children with ADHD’s co-
occurring aggression and internalizing symptoms. Based on
previous research, we expected higher levels of emotional
reactivity (i.e., our bottom-up regulatory process) to be
positively associated with co-occurring aggression and
internalizing symptoms whereas higher levels of EF (i.e.,
our top-down regulatory process) to be negatively associ-
ated with aggressive and internalizing symptoms. A cate-
gorical approach was also conducted to compare children
with ADHD who display clinically significant levels of
aggression and internalizing symptoms compared with
those who exhibit only one co-occurring problem. We also
expected emotional reactivity levels to be higher in children
with ADHD who displayed co-occurring aggression and
internalizing symptoms. In terms of EF, we expected chil-
dren with ADHD displaying co-occurring internalizing
symptoms to have higher EF compared with children with
pure ADHD and children with ADHD with co-occurring
aggression or co-occurring aggression and internalizing
symptoms.

Method
Participants

Participants for this study included 74 children (16 girls)
with a diagnosis of ADHD whose parents provided consent
to participate in the study at a large university hospital in
the southeastern United States. The mean age of the par-
ticipating children was 10.7 years (range = 6-17 years of
age). These children were primarily referred from psychia-
trists (69%) and pediatricians (14%), and some were self-
referred (11%). All participants had a previous Diagnostic
and Statistical Manual of Mental Disorders (4th ed.;
DSM-1V; American Psychiatric Association [APA], 1994)
diagnosis of ADHD (n = 47 for combined type, n = 24 for
predominantly inattentive type, n = 1 for predominantly
hyperactive/impulsive type, and n =2 for ADHD not other-
wise specified) confirmed by a licensed psychologist via a
comprehensive clinical diagnostic assessment including the
use of a semistructure interview (e.g., diagnostic interview
schedule for children) and Conners’ Parenting Rating
Scales. In terms of treatment history, 64% of the children in
our sample were currently taking medications to address
their symptoms. Exclusionary criteria included a diagnosis
of mental retardation, autistic disorder, or a psychotic dis-
order. The sample was primarily Caucasian (72%) with an
additional 15% of children being classified as African
American, 10% as Hispanic, and 3% as biracial. In all, 45%
of children were from an intact biological family, 27% were
from a single biological parent household, 11% were from
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a remarried household, and 8% were in an adoptive/foster
family placement. The median family income was between
US$50,000 and US$65,000 per year (range = US$20,000 to
>US$200,000).

Measures

ADHD symptoms. To assess children’s current severity
level of ADHD symptoms, the Conners’ Parent Rating
Scale—3rd Edition (Conners-3) was administered (Conners,
2008). The Conners-3 is a widely used questionnaire that
covers core symptoms of ADHD as well as comorbid problems
such as oppositional defiant disorder symptoms. The parent
version used for children ages 6 to 18 contains 108 items.
Each item on the Conners-3 is rated on a 4-point scale with
respect to the frequency of occurrence (never, occasionally,
often, and very often). The measure yields 7-scores on inter-
nalizing, hyperactivity/impulsivity, learning problems, EF,
defiance/aggression, and peer relations as well as on Diag-
nostic and Statistical Manual of Mental Disorders (4th ed.,
textrev.; DSM-IV-TR; APA, 2000) symptom scales. The Con-
ners-3 has well-established internal consistency, reliability,
and validity (Conners, 2008). For the purpose of the present
study, the inattention and hyperactivity/impulsivity T-scores
were used as indicators of ADHD symptom severity.

Medication status. Children’s medication status was
assessed during the clinical interview as part of the diagnostic
assessment. Parents also completed a demographic question-
naire, in which they listed their child’s current medications. A
medical records review was conducted when parents were
not sure which medications their children were taking. Based
on this information, we created three medication status
groups. The first group, labeled medication naive, included
children who had never received any type of psychotropic
medication (7 = 26). The second group, labeled stimulant
group, included children who were currently taking a stimu-
lant medication, such as Concerta (n = 31). The third group,
labeled nonstimulant, consisted of children who were cur-
rently taking a psychotropic medication that was not a stimu-
lant, such as atomoxetine (n = 17).

Behaviorallemotional functioning. To assess children’s
behavioral functioning, parents completed the Behavior
Assessment System for Children—2nd Edition (BASC-2;
Reynolds & Kamphaus, 2004). The BASC-2 is a widely
used behavior checklist that taps emotional and behavioral
domains of children’s functioning. There are three parent
versions: Preschool Form (ages 2-5, 134 total items), Child
Form (ages 6-11, 160 total items), and Adolescent Form
(ages 12-21, 150 total items). Each item on the BASC-2 is
rated on a 4-point scale with respect to the frequency of
occurrence (never, sometimes, often, and almost always).
The measure yields scores on broad internalizing, external-
izing, and behavior symptom domains as well as on specific

adaptive/social functioning skills scales. The BASC-2 has
well-established internal consistency, reliability, and validity
(Reynolds & Kamphaus, 2004). Given the wide age range
of our sample and different forms used, the aggression and
internalizing subscale 7-scores were used rather than raw
scores.

Bottom-up regulatory measure: Emotional reactivity. To
assess children’s bottom-up control processes, parents com-
pleted the ER Checklist (Shields & Cicchetti, 1997). The ER
Checklist is a 23-item questionnaire that uses a 4-point Likert-
type scale (1 = almost always to 4 = never) and yields two
subscales: the Negativity/Lability scale (15 items), which
represents negative affect/mood lability, and the Emotion
Regulation scale (8 items), which assesses processes central
to adaptive regulation. The Negativity/Lability scale (Cron-
bach’s a = .79) was the focus of the current study as our
measure of children’s emotional reactivity.

Top-down regulatory measure: EF. Children were adminis-
tered the Trail Making Test and Color-Word Interference
Test from the Delis—Kaplan Executive Function System
(D-KEFS; Delis, Kaplan, & Kramer, 2001). These two sub-
tests are widely used neuropsychological tests that are
regarded as measuring EF. The Trail Making Test consists
of five conditions: visual scanning, number sequencing, let-
ter sequencing, number—letter switching, and motor speed.
Of interest to the current study is the number—letter switch-
ing condition. The number—letter switching condition is the
primary EF condition as it requires cognitive flexibility to
successfully switch back and forth between connecting
numbers and letters in sequence. The Color-Word Interfer-
ence Test is a stroop task that involves four conditions:
color naming, word reading, inhibition, and inhibition/
switching. Of interest to the current study is the inhibition/
switching condition, which is the primary EF condition in
this test. On this task, children are presented with a stimulus
page displaying color names that are written in an incongru-
ent ink color. Half of the words also appear in a box. Chil-
dren are then instructed to name the ink color as quickly as
possible while inhibiting the more automatic word reading
response. However, if the word appears in a box, children
have to switch the application of the rules and read the
word. Performances on both tasks were assessed by the
total time in seconds it took children to complete it with
faster scores being indicative of better EF skills. Standard
scores were also derived for children 8 years and older (no
norms are available for younger children). Given the strong
correlation between children’s performance on the number—
letter switching and inhibition/switching tasks (r = .71,
p <.001), a single measure of EF was created by standard-
izing the total time in seconds of both tasks, averaging them
together, and then restandardizing the score. This composite
was also reverse scored to facilitate interpretation with
higher scores indicative of better EF.
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Table I. Descriptive Statistics for All Variables.
SD Minimum Maximum n
ADHD symptoms severity (CPRS-3)
Inattention T-score (P) 78.78 10.54 52 100 73
Hyperactivity/impulsivity T-score (P) 76.75 16.90 43 113 73
EF (D-KEFS)
Color-word subtest: Condition 4
Inhibition-switching total time (L) 103.90 37.56 47 180 68
Inhibition-switching standard score (L) 7.95 3.1 | 14 55
Trail making: Condition 4
Number—letter switching total time (L) 153.91 66.03 38 240 70
Number—letter switching standard score (L) 6.89 343 | 14 55
Emotional Reactivity (ER Checklist)
Emotional Negativity/Lability subscale (P) 2.32 .55 1.33 3.53 72
BASC-2
Aggression T-score (P) 56.16 12.65 37 101 74
Internalizing composite T-score (P) 58.56 14.85 33 92 73

Note: CPRS-3 = Conners’ Parent Rating Scale—3rd Edition; (P) = parent report; EF = executive functioning; D-KEFS = Delis—Kaplan Executive Function
System; (L) = laboratory measure; ER = emotion regulation; BASC-2 = Behavior Assessment System for Children—2nd Edition.

Data Analytic Strategy

Descriptive statistics for the study variables, which were all
normally distributed, are presented in Table 1. All analyses
were conducted using SPSS 18.0. All available data were
used for each analysis. First, preliminary analyses were
conducted to determine any associations between demo-
graphic characteristics (i.e., sex, race, maternal income,
maternal education, medication status, child age) and any
of the study’s variables. Second, dimensional analyses,
conducted via regressions, were used to examine the link
between bottom-up and top-down regulatory processes and
children with ADHD’s co-occurring aggression and inter-
nalizing symptoms. Third, categorical analyses were con-
ducted to examine whether EF and/or emotional negativity
differentiate children with ADHD who display clinically
significant levels of aggression, internalizing symptoms, or
both. For all analyses involving our a priori hypotheses,
alpha was set at .05 whereas statistical trends were recog-
nized at .10. We also applied Bonferroni’s correction on all
contrast tests to reduce Type I error.

Results

Preliminary analyses indicated that children’s age was sig-
nificantly related to parent report of internalizing symp-
toms, » = .29, p = .01, indicating that older children were
more likely to have been rated by their parents as display-
ing internalizing symptoms. Age was also significantly
related to EF as measured by the D-KEFS, = .82, p <.001,
indicating, not surprisingly, that as children got older, they

performed better on the EF tasks. No other demographic
characteristics were related to any of the study variables.
Due to these findings, children’s age was controlled in sub-
sequent analyses. Last, preliminary analyses indicated that
children among the different medication status groups did
not differ on any demographic variables, severity of ADHD
symptoms, EF performance, or emotional reactivity.

Associations Among Variables

Partial correlations, controlling for children’s age, are pre-
sented in Table 2. Both ADHD symptom clusters (inatten-
tion and hyperactivity/impulsivity) were significantly
associated with emotional reactivity, EF, comorbid aggres-
sion, and comorbid internalizing symptoms. Thus, children
with ADHD with higher severity levels of inattention and
hyperactivity/impulsivity symptoms performed worse on
EF tasks and were reported by parents as having greater
levels of emotional lability, aggression, and internalizing
symptoms. Emotional reactivity was also significantly
associated with EF, aggression, and internalizing symptoms
such that children with ADHD who were reported as having
greater levels of emotional lability performed worse on EF
tasks and were also reported to have higher levels of
aggression and internalizing symptoms. EF was found to be
significantly associated with aggression but not internalizing
symptoms. This indicates that children who performed
worse on the EF tasks were more likely to be reported as
having higher levels of aggression but not internalizing
symptoms. Last, aggression and internalizing symptoms
were positively associated with each other.
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Table 2. Correlations Among Variables.

Variable | 2 3 4 5 6
ADHD-inattention T-score —
ADHD-hyper/impulsivity .70%Fk (<.001) —
T-score
EF z score —.27* (.029) —.24* (.050) —
Emotional reactivity 576 (<.001)  .63FF (<.001) —.30* (.013) —
Aggression T-score 429 (<001) .37 (.002) —42%FF (<.001) 73k (<.001) —
Internalizing T-score A1FFE(.001) A3 (<.001) .12 (.340) A46+FF (<.001) .26* (.034) —
Note: EF = executive functioning.Values enclosed in parentheses represent p values.All correlations controlled for age.
*p < .05.%p < .01.%%p < .001.
Table 3. Regression Analyses Examining Predictors of Co-Occurring Problems.
B B p value R? R? change F change F change p value
Aggression symptoms T-score
Step | .20 .20 3.89%F .007
Age 19 212
ADHD-inattention T-score .08 496
ADHD-hyperactivity/impulsivity -.15 114
T-score
Internalizing symptoms T-score -.02 953
Step 2 .60 40 29.56%%F .000
Emotional reactivity 75k .000
EF z score -.37* .023
Internalizing symptoms T-score
Step | 26 .26 5.54%* .001
Age =22 251
ADHD-inattention T-score 19 207
ADHD-hyperactivity/impulsivity .14 392
T-score
Aggression symptoms T-score -.0l 953
Step 2 .39 A3 5.99%* .004
Emotional reactivity .35% .050
EF z score S .009

Note: EF = executive functioning.
*p < .05.%p < .01.%%p < .00I.

Dimensional Analyses

Regression analyses were conducted to examine the con-
current associations between bottom-up and top-down
regulatory processes (i.e., emotional reactivity and EF) and
children with ADHD’s co-occurring aggression and inter-
nalizing symptoms. To control for ADHD symptom sever-
ity, the inattention and hyperactivity/impulsivity 7-scores
were entered simultaneously in the first step along with
children’s age. Given the association between aggression
and internalizing symptoms, each served as a control vari-
able (e.g., when aggression was the dependent variable,
internalizing symptoms were controlled for in the first step
and vice versa.). As seen in Table 3, emotional reactivity
and EF skills were associated with co-occurring aggression

(Cohen’s d = 1.67 and 0.60, respectively), even after con-
trolling for severity of ADHD symptoms, age, and co-
occurring internalizing symptoms (Cohen’s d = 0.52 and
0.69, respectively). Thus, children with ADHD who exhib-
ited higher levels of emotional reactivity, as reported by
parents, were reported as having higher levels of aggres-
sion, whereas children with ADHD who exhibited higher
EF skills were reported as having lower levels of co-occurring
aggression. A similar finding occurred in regard to the link
between emotional reactivity and internalizing symptoms,
in which children with ADHD who exhibited higher levels
of emotional reactivity were reported as having higher levels
of internalizing symptoms. However, children with ADHD
who exhibited higher EF skills were more likely to have
co-occurring internalizing symptoms
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Categorical Analyses:
Creation of Behavior Problem Profiles

Categorical analyses were necessary to further determine
whether EF and/or emotional negativity differentiate chil-
dren with ADHD who display clinically significant levels
of aggression, internalizing symptoms, or both. Hence, the
aggression subscale and internalizing composite from the
BASC-2 completed by parents were used to generate
groups of children with ADHD who displayed different
behavior problem profiles. Children were selected for the
“pure ADHD” group if their 7-scores on the aggression and
internalizing composite scales were below 60 (n = 32),
which is considered the borderline clinical cutoff (Reynolds
& Kamphaus, 2004). Children were selected for the
“ADHD with co-occurring aggression (ADHD-CA)” group
if their aggression 7-score was at or above 60 and their
internalizing 7-score was below 60 (n = 14). Children were
selected for the “ADHD with co-occurring internalizing
(ADHD-CI)” group if their internalizing 7-score was at or
above 60 and their aggression 7-score was below 60 (n =
17). Last, children were selected for the “ADHD with co-
occurring aggression and internalizing (ADHD-CAI)”
group if their 7-scores on both the aggression and internal-
izing scales were at or above 60 (n = 11).

Descriptive statistics for these comorbidity groups
appear in Table 4. There were no significant differences
between the groups in terms of children’s race, gender, or
family income. However, there was a significant difference
between the groups in terms of children’s age, F(3, 70) =
2.89, p = .041, with children in the ADHD-CI group being
older than children in the pure ADHD group (p = .032). No
other age differences between groups were found. Chi-
square analyses also indicated no significant differences in
terms of children’s medication status and comorbidity
group membership, (x2 =8.71,p=.19).

Categorical Analyses:
ADHD Symptom Severity

A MANCOVA was conducted to determine whether sever-
ity of ADHD symptoms (inattention and hyperactivity/
impulsivity) significantly differed across comorbid groups
while controlling for children’s age. The MANCOVA was
significant, F(6, 134) = 3.80, p = .002, Cohen’s d = 0.84,
observed power = 0.96, with follow-up ANCOVAs also
significant for both inattention, F(3, 68) = 6.09, p = .001,
Cohen’s d = 1.03, observed power = 0.95, and hyperactivity/
impulsivity symptoms, F(3, 68) = 7.28, p < .001, Cohen’s
d=1.12, observed power = 0.98. As seen in Table 5, follow-up
contrast tests, using Bonferroni’s correction to control the
Type I error rate, revealed that the children in the pure
ADHD group were rated by their mothers as having less
severe symptoms of inattention and hyperactivity/impulsivity

compared with children in the ADHD-CI and ADHD-CAI
groups but had similar symptoms severity compared with
children with ADHD-CA. No significant differences were
found in ADHD symptoms severity among children in the
ADHD-CI, ADHD-CA, or ADHD-CALI groups.

Categorical Analyses: Top-Down and
Bottom-Up Regulatory Processes

A MANCOVA was conducted to determine whether EF
skills and emotional reactivity significantly differentiate
comorbid groups while controlling for children’s age and
ADHD symptom severity (inattention and hyperactivity/
impulsivity). The MANCOVA was significant, (6, 118) =
8.38, p<.001, Cohen’s d=1.31, with follow-up ANCOVAs
also significant for both EF, F(3, 60) = 4.58, p = .006,
Cohen’s d = 0.97, observed power = 0.87, and emotional
reactivity, F(3, 60) = 13.54, p < .001, Cohen’s d = 1.63,
observed power = 1.00. As seen in Table 5, follow-up con-
trast tests, using Bonferroni’s correction to control the
Type I error rate, revealed that children in the pure ADHD
and the ADHD-CI groups were reported by parents as dis-
playing significantly less emotional reactivity compared
with children in the ADHD-CA and ADHD-CAI groups.
No significant differences in emotional reactivity were
found between children in the pure ADHD and ADHD-CI
groups or between children in the ADHD-CA and ADHD-
CAI groups. In terms of EF, children in the ADHD-CI
group obtained significantly better standardized scores
compared with children in the pure ADHD and ADHD-CA
groups, and marginally better than children in the ADHD-
CAI group. No significant differences in EF performance
were found between children in the pure ADHD, ADHD-CA,
and ADHD-CALI groups.

Discussion

The purpose of this study was to examine whether top-
down and bottom-up processes can significantly differenti-
ate children with ADHD who exhibit co-occurring
aggression and/or internalizing symptoms using both
dimensional and categorical approaches. First, it is impor-
tant to point out that our top-down and bottom-up processes
were moderately associated with each other such that chil-
dren with ADHD who were reported as having greater
levels of emotional reactivity performed worse on EF tasks.
This association is consistent with previous developmental
research noting an important association between chil-
dren’s ability to regulate their emotions and higher order
cognitive functions (Blair, Granger, & Peters Razza 2005;
Ochsner & Gross, 2005). Our study extends the literature
by indicating that the association between emotional reac-
tivity and EF difficulties may be even more prominent
in a clinical population of children with ADHD who may
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Table 4. Profile of Comorbidity Groups.

Pure ADHD ADHD-CA ADHD-CI ADHD-CAI
(n=32) (n=14) (n=17) (n=11)

Age in months 97 (40)* 120 (33)® 142 (43)° 142 (52)*
Gender

Male 25 13 12 8

Female 7 | 5 3
Race

Caucasian 23 10 Il 9

African American 5 2 2 2

Hispanic 3 | 3 0

Biracial | | | 0
Medication status

Medication naive 14 6 3 3

Stimulant 15 4 7 5

Nonstimulant 3 4 7 3
Aggression subscale t test 47.58 (1.28)° 68.80 (I.9I)b 50.99 (1.80)* 73.02 (2.I5)h
Internalizing composite t test 47.72 (1.40)° 51.46 (2.09)* 7481 (1.97)° 7323 (2.35)°

Note: ADHD-CA = ADHD with co-occurring aggression; ADHD-CI = ADHD with co-occurring internalizing; ADHD-CAI = ADHD with co-
occurring aggression and internalizing.Values enclosed in parentheses represent standard deviations. Means in the same row that do not share

superscripts differ at p < .05.

Table 5. Summary of Results Comparing Comorbidity Groups.

Pure ADHD? ADHD-CA® ADHD-CI® ADHD-CAI p value
ADHD symptom severity— 73.94 (1.71) 80.16 (2.55) 81.41 (2.41) 87.87 (3.01) 0.275%,0.090*, 0.001%,
inattention T-score 1.00°¢,0.329*,0.586
ADHD symptom severity— 68.24 (2.72) 79.18 (4.05) 81.70 (3.82) 92.19 (4.78) 0.165%, 0.040*, 0.000*,
hyperactivity/impulsivity 1.00°¢,0.251*¢,0.543
T-score
EF z score -0.07 (0.11) —0.17 (0.14) 0.48 (0.14) —0.06 (0.18) 1.00,0.025%, 1.00,
0.009, 1.00°, 0.090%
EF Standard scores+ 7.01 (0.62) 6.07 (0.85) 9.04 (0.69) 7.45 (0.94) —
Emotional reactivity 2.02 (0.07) 2.62 (0.09) 2.3 (0.09) 2.9 (0.12) 0.000%, 0.350™, 0.000*,

0.058%, 0.887°¢,0.001<

Note. ADHD-CA = ADHD with co-occurring aggression; ADHD-CI = ADHD with co-occurring internalizing; ADHD-CAI = ADHD with co-occurring
aggression and internalizing; EF = executive functioning.Values enclosed in parentheses represent standard errors. p values are reported for contrast
tests between comorbidity groups (e.g.,*® = comparison of pure ADHD and ADHD-CA groups, Cd = comparison of ADHD-CI and ADHD-CAI
groups), + contrast tests for examining differences in executive functioning were conducted with z scores as standard scores are not available for chil-

dren younger than 8 years and are only reported for descriptive purposes.

already be experiencing significant self-regulation difficul-
ties across other domains such as behavioral inhibition and
sustained attention.

Second, our dimensional analyses indicated that emo-
tional reactivity is positively associated with co-occurring
aggression and internalizing symptoms, regardless of the
severity of ADHD symptoms. Categorical analyses con-
firmed these findings and indicated that children in the
pure ADHD and ADHD-CI groups were reported by par-
ents as displaying significantly less emotional reactivity
compared with children in the ADHD-CA and ADHD-CAI
groups. Previous research has documented that children

with ADHD are reported as being more labile or emotion-
ally reactive compared with their peers (Walcott &
Landau, 2004). Studies have also documented that chil-
dren with ADHD and comorbid aggression/oppositional
defiant disorder symptoms have worse functional out-
comes including peer problems than children with only
ADHD (Gresham, MacMillan, Bocian, Ward, & Forness,
1998; Hinshaw & Melnick, 1995). Fewer studies, however,
have examined comorbid internalizing and/or external-
izing symptoms (Eisenberg et al., 2001). Our findings
extend the literature and indicate via large effect sizes
(Cohen’s d range = 1.63-1.67) that higher levels of
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emotional reactivity place children with ADHD at a
higher risk of having concurrent aggressive symptoms,
regardless of whether such problems are accompanied by
internalizing symptoms.

Third, our dimensional analyses indicated via moderate
effect sizes (d range = 0.60-0.69) that while children with
ADHD who performed better on EF tasks were less likely
to have co-occurring aggression, they were more likely to
display co-occurring internalizing symptoms. Categorical
analyses further specified that children in the ADHD-CI
group obtained significantly better scores on the standard-
ized EF tasks compared with children in the pure ADHD,
ADHD-CA, and ADHD-CAI groups. Previous neuropsy-
chological studies provided some evidence for internaliz-
ing symptoms mitigating impulsivity but at the same time
make working memory deficits worse (see Schatz &
Rostain, 2006, for a review). However, these studies had
not specifically compared children with ADHD with
different co-occurring behavior problems profiles—
internalizing symptoms versus internalizing and aggres-
sive symptoms (Jarrett & Ollendick, 2008). In addition,
whereas current neuropsychological theories of ADHD
point to executive dysfunction as the primary deficit
(Barkley, 1997; Willcutt et al., 2005), recent studies dem-
onstrate that not all children with ADHD show such defi-
cits (Biederman et al., 2004; Loo et al., 2007; Nigg et al.,
2005). Although we did not have a comparison control
group, the mean standardized score achieved by children in
the ADHD-CI group (M = 9.04, 37th percentile) places
them in the average range of functioning compared with
their same-age peers. In contrast, children in the pure
ADHD group, ADHD-CAI and ADHD-CA performed in
the low average to borderline impaired range compared
with their same-age peers. These findings suggest that chil-
dren with ADHD and comorbid internalizing symptoms
may have a more intact neuropsychological profile com-
pared with other children with ADHD. It is also important to
point out that research has shown that variations of methyl-
phenidate can have a positive effect on children’s EF
(Bedard, Martinussen, Icokwicz, & Tannock, 2004; Bedard
& Tannock, 2008; Hazel-Fernandez, Klorman, Wallace, &
Cook, 2006). Although we did not find significant differ-
ences in EF performance (or severity of ADHD symptoms)
among children in different medication statuses, it is pos-
sible that medication might have affected EF performance
along with the other behavioral indicators we examined.
The cross-sectional aspect of this study prevented us from
determining the baseline functioning of children prior to
the use of medication and whether any improvements were
observed after medication initiation.

As it relates to the multipathway conception of ADHD
and its co-occurring problems, it may be the case that a
bottom-up process like emotional reactivity represents a
more proximal risk factor for the development of co-occurring

aggressive symptoms whereas other factors (e.g., impair-
ment due to aggressive or ADHD symptoms) may lead a
child to further develop internalizing problems. For example,
research has shown that the association between internaliz-
ing symptoms and social dysfunction is mediated by earlier
co-occurring externalizing symptoms (Bagwell, Molina,
Kashdan, Hoza, & Pelham, 2006). In terms of top-down
processes, our findings contribute to the literature by show-
ing that EF deficits may not be a prominent aspect of chil-
dren with ADHD with co-occurring internalizing problems,
although more research is needed to clarify why this may be
the case.

In terms of this study’s limitations, it is important to
point out that unlike our measure of EF, which was based on
standardized neuropsychological tasks, we did not have an
objective measure of children’s emotional reactivity. Hence,
because many of our significant findings were based on par-
ent report (emotional reactivity, behavioral problems, and
ADHD symptom severity), we must acknowledge the
potential that our findings were related to source variance.
While the use of different questionnaires for each domain of
functioning reduces some of the source variance, the use of
a laboratory measure of emotional reactivity (e.g., frustra-
tion task) as well as the inclusion of teacher reports would
have strengthened the findings. The cross-sectional aspect
of this study is another limitation in our ability to infer not
only the temporal association between emotional reactivity,
EF, and comorbid behavior problems but also its direction-
ality. Future longitudinal studies will be better able to exam-
ine whether emotional reactivity and EF difficulties
represent risk factors for the development of co-occurring
behavioral problems in children with ADHD or if they are a
consequence of such problems. Last, our moderate sample
size and clinically based sample without a control compari-
son group may limit the generalization of our findings.

Despite these limitations, our study contributes to litera-
ture by showing the usefulness of integrating bottom-up and
top-down regulatory-based measures when studying chil-
dren with ADHD and their co-occurring behavioral prob-
lems. In terms of clinical implications, our findings indicate
that evidence-based assessments and treatments for ADHD
should pay closer attention to children’s emotional reactivity
rather than just symptom severity. Whereas some research-
ers have argued for the creation of an executive dysfunction
subtype of ADHD (see Nigg et al., 2005, for a review), we
would argue that differentiating children with ADHD who
are also emotionally labile is equally as important. Research
is emerging demonstrating how such emotional lability can
also place children with ADHD at risk for greater functional
impairment (Anastopoulos et al., 2011) as well as more seri-
ous issues such as substance use (Sobanski et al., 2010).
Although work from the MTA group shows children with
ADHD’s differential treatment response according to their
comorbidity status (Jensen et al., 2001), we do not know
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whether such differential treatment response is due to under-
lying emotional reactivity and/or EF deficits. Finally, it will
be important for future research to examine whether adjust-
ments to ADHD treatments (e.g., including ER modules,
coping with anger) are necessary for children with emotional
lability problems.
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