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Abstract

Disinhibition contributes to the development of disruptive behavior disorders (DBD) in
adolescents. Self-reports and behavioral tasks are commonly used to assess disinhibition, each
with their unique strengths and limitations. Accordingly, it is important to identify which measure,
or combination thereof, is the most effective in predicting DBD symptoms. This study assessed
the relationship between DBD (symptoms of ADHD/ODD/CD) and two behavioral disinhibition
tasks: the anti-saccade task and the D-KEFS color-word interference test), as well as a self-report
measure (the BRIEF-SR). The results indicated that the BRIEF-Inhibit scale accounted for the
majority of the variance in the DBD sum score. The anti-saccade task and color-word interference
test were also significantly associated with an increase in the number of DBD symptoms endorsed.
These behavioral tasks accounted for 9% additional variance than the self-report alone. Therefore,
combining self-report measures with behavioral disinhibition tasks may provide the most thorough
assessment of adolescent DBD.
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Introduction

Disinhibition refers to difficulties with behavioral, cognitive, and emotional regulation
(Tarter et al., 2003). Classically, it has been defined as “human behavior that has been
interpreted as arising from lessened controls on response inclinations” (Gorenstein &
Newman, 1980, p. 302). Accordingly, impulsivity is an essential component of disinhibition,
as problems with impulsivity stem from difficulties in inhibitory processing (Logan,
Schachar, & Tannock, 1997). There is substantial evidence demonstrating that disinhibition
contributes to the development of disruptive behavior disorders (DBD) in adolescents, as
defined by symptoms of attention deficit hyperactivity disorder (ADHD), oppositional
defiant disorder (ODD), and conduct disorder (CD; Clark, Chung, Thatcher, Pajtek, & Long,
2012; Dougherty et al., 2003; Habeych, Folan, Luna, & Tarter, 2006). Furthermore,
instruments used to measure disinhibition, such as self-report measures and laboratory-based
behavioral tasks, are widely used in both clinical and research settings, but the empirical
evidence regarding the relationships among these instruments and their relationship to DBD
remain somewhat unclear.

Self-report measures of disinhibition, such as the Behavioral Rating Inventory of Executive
Function, Self-Report version (BRIEF-SR) and the Barratt Impulsivity Scale require
participants to complete a battery of items that assess different constructs of disinhibition.
Alternatively, laboratory-based behavioral tasks, such as the anti-saccade task and Stroop
task, also provide effective assessments of disinhibition in both nonclinical populations
(Enticott, Ogloff, & Bradshaw, 2006) and clinical populations (Holmes et al., 2010). These
measures of disinhibition may provide valid measures of different underlying etiological
factors.

Self-report and behavioral measures each have specific advantages and limitations. While
self-report measures may be biased by faulty memory and subject to social desirability
pressures, they are easy to administer and interpret, making them very popular and
accessible. Alternatively, behavioral tasks, such as the behavioral disinhibition tasks used in
the present study, are not subject to the same social desirability and recall biases as self-
report measures, because they infer impulsivity from observed behavior. Further, behavioral
inhibition tasks are sensitive to state-dependent impulsivity and may be more adaptable to
repeated administration when compared to self-report measures (Dougherty et al., 2003).
However, these tasks are typically administered in a controlled environment, which
diminishes ecological validity (Enticott et al, 2006), and may produce practice effects with
repeated administrations (i.e., better performance after more trials due to increased
familiarity with the task; Falleti, Maruff, Collie, & Darby, 2006; Heiman, 2002).

Centrally, these behavioral measures are effective predictors of clinically diagnosed DBD.
Response disinhibition and working memory deficits have been shown to discriminate
between children with and without ADHD on a variety of behavioral tasks (Berger,
Alyagon, Hadaya, Atzaba-Poria, & Auerbach, 2013; Dolan & Lennox, 2013; Holmes et al.,
2010). Importantly, the deficiencies found in children with ODD and CD were not due to the
comorbid diagnosis of ADHD (Saarinen, Fontell, Vuontela, Carlson, & Aronen, 2014).
Finally, four separate meta-analyses were conducted examining the relationship between a
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variety of executive functioning behavioral tasks (including disinhibition tasks such as the
Stroop task and go/no go task) and externalizing behavior problems in preschool children
(i.e., a diagnosis or symptoms of ADHD and ODD/CD). Results showed that executive
function deficits, in particular difficulty with inhibition, were associated with externalizing
behavior problems (Schoemaker, Mulder, Dekovic, & Matthys, 2013). Taken together, these
findings imply that behavioral measures may compliment the information provided by DBD
diagnosis. In the current study, we specifically use the anti-saccade task and the D-KEFS
color-word interference task because previous research has suggested that these measures
are reliable predictors of DBD in adolescent populations, details of which are provided
below.

Self-Report Measures of Disinhibition

Self-report measures of disinhibition have been designed to assess overall severity as well as
hypothesized distinct dimensions (e.g., impaired inhibitory control, impulsive decision-
making; Ivanov, Schulz, London, & Newcorn, 2008). The BRIEF-SR is a self-report
instrument that is designed to measure impulsivity across the domains of cognition,
behavior, and mood along with other executive functioning dimensions. More specifically,
the Inhibit scale from the BRIEF assesses disinhibition. Scores on the BRIEF are correlated
with symptoms of DBD in adolescents (Clark et al., 2012; Mahone et al., 2002) and are
predictive of ADHD subtypes (Isquith & Gioia, 2000; McCandless & Laughlin, 2007;
Reddy, Hale, & Brodzinsky, 2011).

Behavioral Disinhibition Tasks

Behavioral disinhibition tasks measure an individual’s ability to inhibit a reflexive, pre-
potent response (i.e., a response they are ready to give). Individuals with higher levels of
disinhibition have more difficulty inhibiting these automatic responses. One of the most
established disinhibition tasks is the Stroop task (Stroop, 1935). Based upon the classic
Stroop task, the Delis-Kaplan Executive Function System (D-KEFS) color-word
interference test measures the ability to read the name of a color rather than naming the ink
color in which the word is printed (Delis, Kaplan, & Kramer, 2001a). This test, along with
three other tests from the D-KEFS (trail making, verbal fluency, and tower tests) has
identified executive dysfunction in children with ADHD using summary scores, but not
contrast scores (Wodka et al., 2008a) or process scores (Wodka et al., 2008b). Slower
response times and higher error rates have also been found in children with ADHD
compared to controls (Bledsoe, Semrud-Clikeman, & Pliszka, 2010; Holmes et al., 2010).
Finally, response inhibition, as measured by condition three on the color-word interference
test, has been shown to be more elevated in boys with ADHD than girls (O’Brien, Dowell,
Mostofksy, Denckla, & Mahone, 2010), in unaffected siblings of children with ADHD
compared to controls (Nickolas & Nigg, 2014), and to predict future working memory
deficits (Tillman, Brocki, Sorensen, & Lundervold, 2013).

More recently, the anti-saccade (Hallet, 1978) task has emerged as a popular measure of
response inhibition (Geier & Luna, 2009; Munoz & Everling, 2004). This task requires the
participant to suppress reflexive eye movements, also termed pre-potent saccades, and make
a voluntary eye movement to the location opposite of a presented stimulus (Geier & Luna,
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2009). Response inhibition, as measured by the anti-saccade task, is significantly associated
with disinhibition, more so than other executive function tasks (working memory and set-
shifting; Young et al., 2009). Additionally, adolescents with ADHD show impairment on
this task in terms of accuracy and response time (Carr, Henderson, & Nigg, 2010; Hanisch,
Radach, Holtkamp, Herpertz-Dahlmann, & Konrad, 2005; Karatekin, 2006; Loe, Feldman,
Yasui, & Luna, 2009). Slower reaction times are also related to ADHD symptom counts,
suggesting a relationship between inhibition deficits and ADHD severity (Van der Stigchel
etal., 2007).

There has been a substantial amount of research examining the ability of self-reports and
behavioral disinhibition tasks to assess disinhibition and its association with DBD
separately. However, studies that have examined the associations between all of these
measures together have yielded inconsistent results and have narrowly focused on ADHD.
For example, one study that compared behavioral measures such as the stop task with the
parent and teacher ratings of the BRIEF found that behavioral measures predicted ADHD
status when examined separately from the BRIEF ratings (Toplak, Bucciarelli, Jain, &
Tannock, 2008). When the BRIEF ratings were added into the analyses, only the BRIEF
ratings emerged as significant predictors of ADHD. The BRIEF ratings also contributed to
the bulk of unique variance, whereas the performance-based measures only accounted for a
small amount. Because there was little overlap in the amount of variance explained between
the BRIEF ratings and performance-based measures, the authors suggested that
performance-based measures supplement assessment of ADHD. Another study found the
BRIEF was associated with behavioral disruption and impairment, but found no significant
correlations between BRIEF ratings and behavioral disinhibition tasks (McAuley, Chen,
Goos, Schachar, & Crosbie, 2010). The finding that self-report ratings and behavioral tasks
are not correlated is consistent with some previous research (Barkley & Murphey, 2011;
Vriezen & Pigott, 2002), but inconsistent with other research that has found modest
correlations (Toplak et al., 2008; Enticott et al., 2006). Because of these inconsistent
findings, further examination is needed to better understand whether behavioral measures
and self-report measures are redundant or can be complementary by capturing unique
variance.

The primary aim of the present study is to find the best predictor, or set of predictors of
adolescent psychopathology, as measured by DBD symptom counts, using the BRIEF-
Inhibit scale, the anti-saccade task, and the D-KEFS color-word interference test. An
additional aim is to assess whether these measures are correlated, which may suggest they
are redundant. Our specific hypotheses are:

Hypothesis I: We expect that the measures will be significantly but modestly
correlated. As all of the variables are expected to predict DBD symptoms, we
expect a modest relationship between them. However, as we expect the behavioral
measures to uniquely account for variation in DBD symptoms, we do not expect
these relationships to be very large.
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Hypothesis I1: We hypothesize that self-report and behavioral measures will be
significant predictors of DBD symptoms. Specifically, while we expect the self-
report to account for the greatest bulk of variance in DBD symptoms, we expect the
behavioral measures to account for additional variance above and beyond what is
captured by the self-report measure. Accordingly, all of the measures will
contribute to our understanding of DBD.

The present investigation utilized data from a study that investigated relationships among
adolescent brain development, executive functioning, and substance use disorder risk factors
(such as DBD). One hundred and twenty-one adolescent participants between the ages of 12
and 15 (M = 14.09, SD = 1.15) and their primary caretakers were recruited using random
digit dialing procedures. Fifty-eight of the participants were males (48%) and 63 were
female (52%). Caretakers were compensated $50.00 and adolescent participants were
compensated $160.00. Written informed assent was obtained from all adolescent
participants and written informed consent was obtained from the adolescents’” accompanying
primary caretakers. The University of Pittsburgh Institutional Review Board approved all
study procedures.

Adolescent participants arrived with and their primary caretaker, who underwent a clinical
interview with a trained assessor that consisted of demographic information as well as the
Kiddie-Schedule for Affective Disorders and Schizophrenia (K-SADS) to report on their
adolescent’s behavior and assess for Axis I disorders. In addition, adolescent participants
completed a clinical interview that consisted of demographic information, the K-SADS,
several self-report questionnaires, and a battery of neuropsychological tests. Finally,
participants were escorted to the Magnetic Resonance Research Center at the University of
Pittsburgh Medical Center Presbyterian Hospital where they underwent an fMRI, during
which they completed the anti-saccade task. All together, the caretakers and adolescents
spent a full 8-hour day completing the protocol. The present study focuses on information
from the K-SADS, BRIEF-Inhibit scale, the anti-saccade task, and the D-KEFS color-word
interference test.

Kiddie-Schedule for Affective Disorders and Schizophrenia (K-SADS)—Our
construct of disruptive behavior disorders included symptoms of CD, ODD, and ADHD, as
determined by the adolescent version of the K-SADS (Kaufman et al., 1997). When
determining whether the adolescent met criteria for a symptom, we considered information
from both the parental report and adolescent report. For symptom items and diagnoses,
consensus was reached in a diagnostic conference meeting between the interviewer and a
clinically experienced faculty psychiatrist or clinical psychologist using the best-estimate
method (Kosten & Rounsaville, 1992; Leckman et al., 1982). In general, when adolescent
and parent reports were inconsistent, more weight was placed on the parental report for
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symptoms with objective referents, such as functional deficits in ADHD, and more weight
was placed on the adolescent report for symptoms with subjective characteristics, such as
anhedonia in major depressive disorder. Using this type of multi-informant approach yields
a more reliable and valid consensus measure (Kraemer et al., 2003). While ADHD, ODD,
and CD have both common and specific features, all of these diagnoses involve difficulties
with inhibition. Furthermore, in twin studies with children and adolescents, a single genetic
dimension has been found to best represent DBD characteristics (Hicks, Krueger, lacono,
McGue, & Patrick, 2004; Tuvblad, Zheng, Raine, & Baker, 2009; Young, Rhee, Stallings,
Corley, & Hewitt, 2006). We therefore computed a sum score of DBD symptom counts as
the outcome of interest in this study (M = 3.11; SD = 4.88).

The K-SADS is a semi-structured interview designed to assess DSM-IV Axis | disorders.
These clinical diagnostic interviews were conducted by trained assessors and then discussed
in a consensus conference with the primary investigator (DBC) to determine diagnoses. The
procedures were identical to a previous study, where inter-rater reliability was achieved by
conducting joint interviews until greater than 90% agreement was reached with an
experienced assessor (Clark et al., 1997). Inter-rater reliability by the K statistic for DBD
diagnoses was 0.88.

Behavior Rating Inventory of Executive Function — Self Report Version
(BRIEF-SR)—The BRIEF is an 80-item self-report behavior rating scale that measures
adolescents’ views of their difficulties with regulation of cognitive, behavioral, and mood
domains (Guy, Isquith, & Gioia, 2004) and takes approximately 20 minutes for the
participant to complete. Examples of items include, “I have a short attention span,” “I have
trouble sitting still,” and “I get upset easily.” The full scale has eight clinical sub-scales:
Shift, Task Completion, Inhibit, Emotional Control, Working Memory, Plan/Organize,
Organization of Materials, and Monitor. The indexes and clinical scales yield T scores, with
T scores above 65 being considered clinically significant and T scores 60 — 64 warranting
clinical interpretation. The variable of interest in the current study was the T scores from
Inhibit scale because it assesses inhibitory control and impulsivity.

This scale includes 13 items that reflect disinhibited behavior (Guy et al., 2004). Example
items include “I have trouble sitting still,” “I act too wild or “out of control,”” and “I don’t
think of consequences before acting.” BRIEF — Inhibit has been shown to be significantly
correlated with the Externalizing scale of the Child Behavior Checklist, which reflects DBD,
as well as related subscales including attention problems, delinquent behavior, and
aggressive behavior (Guy et al., 2004).

Anti-Saccade Task—The anti-saccade task measures disinhibition by assessing
participants’ ability to inhibit automatic responses (Munoz & Everling, 2004). It was
administered as part of an fMRI protocol. During the task, participants viewed a computer
screen via an angled adjustable mirror. They were first instructed to stare at a white plus sign
on the computer screen, which served as a fixation point. A preparation period of 1.5
seconds followed where the white plus sign changed to the color red, which indicated that a
stimulus was about to appear. While the plus sign was still red, but before the stimulus
appeared, participants were presented with either a neutral cue, in which blue pound signs
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appeared around the plus sign, or a reward cue, in which green dollar signs appeared around
the plus sign. In the reward trials, they were told they could win extra money if they
performed accurately on the trial (although all participants were given the same amount of
money, regardless of performance on the trial). Finally, a yellow dot appeared on one side of
the screen and the participant was instructed to look at the exact opposite location of the
stimulus.

The inter-trial fixation period varied among intervals of 1.5, 3 or 4.5 seconds, which were
equally distributed. There were 14 reward cues and 14 neutral cues, each presented for 1.5
seconds over a 5-minute session, yielding a total of 28 trials per each session. Each
participant underwent 4 5-minute sessions resulting in a grand total of 112 trials for each
participant. The preparation and response were also presented for 1.5 seconds (see Figure 1;
Geier & Luna, 2009). The total duration of this task was 20 minutes.

The participants’ eye positions with response times were recorded using a long-range optics
eye-tracking system. This system utilizes pupil-corneal reflection. The data were then scored
using ILAB software by a trained research assistant. Correct movements with no
interruption in response time were coded as a 1,1; incorrect movements with no interruption
in response time were coded as a 2,2; refining movements made after a correct response
were coded as a 3,3; and corrective movements made following an incorrect movement were
coded as a 4,4. Trials were dropped if there were too many blinks, the participant seemed
confused, or the data were otherwise unclear. The percentage of correct responses across all
trials for each participant was the only score used in these analyses.

Delis-Kaplan Executive Function System (D-KEFS) Color-Word Interference
Test—The D-KEFS color-word interference test is a variation of the classic Stroop
procedure and measures the executive function task of inhibition (Delis et al., 2001a). This
test had four conditions. First, participants viewed a series of color patches that they verbally
name (Condition 1). Second, participants viewed a series of color words, displayed in black
ink, which they were asked to read aloud (Condition 2). These first two conditions provide a
baseline measure of reading performance. Third, participants were presented with color
words displayed in different color ink (i.e., the word “green” written in red ink; Condition
3). They were required to inhibit the “natural” verbal responses of reading the name of a
color to instead name the ink color in which the word is printed. This is the traditional
Stroop task and a measure of inhibition. In the final condition, participants were again
presented with color words displayed in different ink. This time, however, they were asked
to switch back and forth between naming the ink colors and reading the words (Condition
4). Therefore, some of the time they were performing the traditional Stroop task (i.e.,
naming the ink colors) and the rest of the time they were doing the reverse (i.e., reading the
word). This condition evaluated both inhibition and cognitive flexibility. The task took
approximately two minutes to administer each of the four sections, for a total of eight
minutes.

Three types of scores can be computed for the color-word interference test: scaled scores
based on completion times, contrast scaled scores, and raw scores based on errors (Delis,
Kaplan, & Kramer, 2001b). Scores based on completion times consist of the number of
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seconds that the participant takes to complete each condition. The raw scores are then
converted to scales for 16 different age groups. Contrast scores are calculated by subtracting
the completion time scaled score for Condition 1 and/or Condition 2 from the completion
time scaled score for Condition 3 and/or Condition 4. Thus, performance on Conditions 1
and/or 2 are parceled out from performance on Conditions 3 and/or 4, which takes into
account impairments in the fundamental skills of basic naming and reading. Finally, scores
based on errors included both corrected and uncorrected responses. An error is classified as
corrected if the participant initially made an error but self-corrected it immediately after
making the error. Otherwise, it was counted as an uncorrected error. Scores of interest for
these analyses were the scaled completion time inhibition score (from Condition 3), the
contrast score, number of uncorrected errors made on Condition 3, and number of corrected
errors made on Condition 3.

Statistical Analyses

Results

The first hypothesis was tested by estimating Pearson correlations among the measures of
disinhibition: the BRIEF-Inhibit scale, percentage of correct responses on the anti-saccade
task, and four scores from the color-word interference test (i.e., the scaled completion time
inhibition score, the contrast score, uncorrected errors on Condition 3, and corrected errors
on Condition 3). To test the second hypothesis, ordinary least squares (OLS) linear and
Poisson regression analyses were conducted using the measures of disinhibition as
predictors of the sum of DBD symptoms. Percentages and scaled scores for some of the
measures were used rather than raw scores for ease of interpretability. Using percentages
and scaled scores puts the measures on a theoretically similar metric, allowing for
comparability. Because the distribution of the sum score of DBD symptoms was highly
positively skewed, the OLS linear regression results are paired with the Poisson regression
results, which accounts for the skew by following the Poisson distribution.

To test the first hypothesis, Pearson correlations were estimated to test for redundancy
across the measures of disinhibition. The results showed that the anti-saccade task and the
color-word interference test scores were not significantly correlated with the BRIEF-Inhibit
scale (Table 1), although there was a modest negative correlation between the number of
uncorrected errors on the color-word interference test and percentage of correct responses on
the anti-saccade task that was of marginal significance (r = -.179; p = .050). Therefore, any
relationship between the behavioral measures and the BRIEF can be interpreted as
statistically independent. However, there were a number of significant correlations between
the four scores within the color-word interference test (i.e., the scaled completion time
inhibition score, the contrast score, uncorrected errors, and corrected errors). These
significant correlations are likely a function of the fact that these scores are part of the same
measure.

OLS linear and Poisson regression models were then used to examine the relationship
between DBD and the BRIEF-Inhibit scale, anti-saccade task, and the color-word
interference test scores are presented in Table 2. As expected, higher scores on the BRIEF-
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Inhibit scale (indicating more difficulty with inhibition) were associated with significantly
higher levels of DBD symptoms endorsed in both models (Bois= -216; Pois < -001; Bpoisson= -
055; Ppoisson < -001). Lower percentages of correct responses on the anti-saccade task were
also associated with significantly higher DBD sum scores, albeit marginally significant in
the linear regression model (Bgis= —.032; Pois = -055; Ppoisson= —-009; Ppoisson < -001).
Finally, the scaled completion time inhibition score was significant only in the Poisson
regression model (Bojs= —.080; pois = -583; Bpoisson= —-053; Ppoisson = -008). Likewise, both
the number of uncorrected (Bois= .462; Pois = -071; Bpoisson= -138; Ppoisson < -001) and
corrected errors (Bojs= .355; Pois = -103; Bpoisson= -098; Ppoisson < -001) made on Condition 3
was significantly associated with an increase in DBD symptoms only in the Poisson
regression model. Because the Poisson model corrects for our skewed data, we believe this
model yields the most accurate estimates. The contrast score was not a significant predictor
in either model. Accordingly, in line with Hypothesis 1, the BRIEF scale clearly predicts
DBD symptoms, but the anti-saccade task and the color-word interference tasks also predict
DBD symptoms, above and beyond the self-report measure.

When all variables were included in the OLS linear regression model, the RZ was 0.345,
indicating that 34.5% of the variance in the DBD sum score was explained by the predictors.
To determine how much additional variance is accounted for by the behavioral tasks above
and beyond that accounted for by the BRIEF-Inhibit scale alone, an additional OLS linear
regression analysis was conducted with only the BRIEF-Inhibit scale. This model showed
that the BRIEF-Inhibit scale accounted for 25.4% of the variance. As such, the behavioral
measures accounted for an additional 9% of the variance, suggesting that the addition of
both behavioral tasks accounts for more variance than the use of self-report alone.

Discussion

The present study found that both the self-report and behavioral measures are important
predictors of DBD symptoms. Further, while the BRIEF-Inhibit scale accounted for
approximately one-fourth of the variance in DBD symptoms, the anti-saccade task and
color-word interference test accounted for an additional 9% of the variance, suggesting that
behavioral measures used in conjunction with self-report provides the most thorough
assessment of disinhibition and more accurately predicts adolescent psychopathology. The
fact that the behavioral measures were not correlated with the BRIEF-Inhibit scale, however,
implies the behavioral measures are capturing unique information above and beyond the
information captured by the BRIEF-Inhibit scale. This is reinforced by the finding that
inclusion of the behavioral measures increased the amount of variance explained.

The analyses were conducted at the T-score level for the BRIEF to allow us to compare the
different measures. Using standardized scores places the measures on a theoretically similar
metric. In addition, T-scores are normed against children of a similar age, therefore
providing information that is relative to the children of similar ages in the standardization
sample (Guy et al., 2004).

Consistent with previous research (Carr, Henderson, & Nigg, 2010; Hanisch, Radach,
Holtkamp, Herpertz-Dahlmann, & Konrad, 2005; Karatekin, 2006; Loe, Feldman, Yasui, &
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Luna, 2009; Van der Stigchel et al., 2007), we showed that poor performance on the anti-
saccade task is associated with symptoms of DBD. However, the majority of previous
research focused on ADHD symptoms. Therefore, our results extend the use of the measure
to other DBD symptoms and accounts for additional unique variance in the construct of
DBD, which facilitates greater understanding of the underlying processes contributing to
DBD symptoms.

Also consistent with previous research (Bledsoe et al., 2010; Holmes et al., 2010; Wodka et
al., 2008a), the results from the Poisson regression showed that slower completion times and
more errors (both corrected and uncorrected) on Condition 3 (Inhibition) of the color-word
interference test were associated with a significant increase in the number of DBD
symptoms. However, the contrast score was not a significant predictor of DBD symptoms.
One potential interpretation of this finding is that the completion time score, which is the
primary method for analyzing performance, assesses general impairment in fundamental
inhibition skills (Delis et al., 2001b). The contrast score can be used as an alternative and
assesses whether the participant exhibits more impairment than expected on the higher-level
task than the baseline measures. Thus, as Wodka et al. (2008a) suggests, completion time
scores may more closely capture the underlying executive dysfunction that distinguishes the
participants with DBD from those without.

One potential criticism of the use of multiple measures is that all of the measures may be
assessing the same construct and conflicts with parsimony. Because these measures were not
correlated, however, they are not redundant measures and instead offer unique etiological
insights. Additionally, because self-report and behavioral measures have distinct and
complimentary strengths and limitations (Enticott et al., 2006), clinicians and researchers
may be able to obtain the most thorough assessment of adolescent DBD and capture
subclinical presentations of DBD when a multimodal assessment approach is utilized. These
findings add to the growing body of literature suggesting that this approach can provide a
more accurate understanding of the processes underlying the construct of disinhibition
(Denckla, 2002; Dougherty, Mathias, Marsh, Jagar, 2005; Toplak et al., 2008).

Another potential criticism is that the BRIEF-Inhibit scale and behavioral measures together
only captured 34.5% of the variance, leaving 65.5% of the variance unexplained. Other
possible predictors of disinhibition that may account for the rest of the variance include
additional scales on the BRIEF, (e.g., the Shift scale, the Working Memory scale, and the
Plan/Organize scale; Toplak et al., 2008), additional tasks from the D-KEFS (e.g., trail
making, verbal fluency, and tower tests; Wodka et al., 2008a), and other disinhibition tasks
such as the go/no go task (Schoemaker et al., 2013). Outside of measurement predictors,
genetic risks also contribute to disinhibition, with heritability estimates of 59% (Young et
al., 2009), which were not examined in the current study.

In addition to disinhibition, there are other risk factors that are associated with the
development of DBD problems, but were not examined in the present study. Some of the
most consistently replicated risk factors include harsh parenting, neighborhood deprivation,
difficult temperament, and callous/unemotional traits (Barker & Maughan, 2009; Byrd,
Loeber, & Pardini, 2009; Campbell, Shaw, & Gilliom, 2000; Frick & Morris, 2004; Loeber,
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Burke, & Pardini, 2009). There is also a substantial genetic influence, with genetic risks
accounting for approximately 57% of the variance (Tuvblad et al., 2008).

These results should be considered in the context of several other limitations. First, there
were a limited number of participants who endorsed DBD symptoms. While we did not have
a sufficient number of participants to explore possible differences among ADHD, ODD and
CD, the DBD construct is theoretically related and has been shown to share a common
genetic liability (Hicks et al., 2004; Tuvblad et al., 2009; Young et al., 2006). We feel that
the current analyses provide a proof of principle for the use of behavioral measures in
assessing the construct of DBD, but future research should attempt to ascertain a larger
sample to conduct a more nuanced analysis of each of the individual diagnoses. Another
limitation is that DBD symptoms were assigned based on the K-SADS, which relies on the
adolescent and parent to provide accurate information. However, the behavioral measures
may be particularly valuable in cases where the participant’s responses may be biased
because they are behavioral indicators of the underlying trait and therefore not subject to the
social desirability bias found in self-reported information.

The present study supports the use of the BRIEF-Inhibit scale in conjunction with behavioral
disinhibition measures, such as the anti-saccade task and color-word interference task. The
set of these measures provided a more thorough assessment of adolescent psychopathology
than any of the measures individually. Our results add to the literature informing the
processes that underlie the emergence of DBD symptoms in adolescents.
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Figure 1.
Design of the anti-saccade task.
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Predictors of DBD

Table 2

Linear Regression

Poisson Regression

B P B p
(se) (se)
BRIEF-Inhibit Scale -(201364) <001 -(0554) <001
-.032 -.009
Anti-saccade® (017) .055 (002) <.001
-.080 -.053
CW Scaled Completion Time? (.146) .583 (019) .008
.042 -.014
CW Contrast Score? (.156) .788 (.020) 478
462 .138
CW Uncorrected Errors? (251) | 071 (029) <.001
CW Corrected Errors2 (325:[56) .103 (0357) <.001
R2 345
Akaike Information Criteria
(AIC) 662.29

1 . .
Anti-saccade = Percentage of correct responses on the anti-saccade task;

2

CW = D-KEFS Color-Word Interference Test

J Adolesc. Author manuscript; available in PMC 2016 October 01.

Page 17



