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ABSTRACT ARTICLE HISTORY

This study examined the influence of executive functions on the association Received 26 June 2019
between callous-unemotional traits and severity and type of childhood disrup- Revised 7 December 2019
tive behavior. Eighty one children aged 8-12 years and their parents partici- Accepted 25 February 2020

pated in the study. We assessed children’s callous-unemotional traits, executive
functions, and two indices of disruptive behavior. Callous-unemotional traits
and parent ratings of executive dysfunction were uniquely correlated with
elevated conduct problems and oppositional and defiant behavior. Neither
performance-based measures, nor parent ratings of executive function, mod-
erated the association between callous-unemotional traits and disruptive beha-
vior. Study findings suggest that executive functions and callous-unemotional
traits may impact children’s behavior independently.

Children with disruptive behavior (DB) present with aggression, oppositionality, defiance, and
conduct problems (see Frick, Ray, Thornton, & Kahn, 2014). These behaviors often emerge early
in life (Campbell, 1995; Shaw, Gilliom, Ingoldsby, & Nagin, 2003) and remain persistent in
a concerning proportion of children (Broidy et al., 2003; Lahey & Loeber, 1994; Loeber &
Farrington, 1998). However, the severity and persistence of DB is not uniform across all children
and may differ in the type of DB, symptom trajectories, or etiology (Viding, Fontaine, & McCrory,
2012). Developing a better understanding of the factors that contribute to the severity and type of
DB is necessary to inform targeted prevention approaches and intervention.

A growing body of research describes a subgroup of children with persistent and severe DB who
show low empathy, guilt, motivation, and limited prosocial emotion - collectively termed callous-
unemotional (CU) traits (Frick et al., 2014). In community samples of children, elevated CU traits
early in life are associated with severe DB 5 to 7 years later (Piatigorsky & Hinshaw, 2004). Similarly,
in samples of justice-involved youth, those with elevated and stable CU traits also show more severe
DB (Baskin-Sommers, Waller, Fish, & Hyde, 2015). CU traits are evident in children aged 6
(Pasalich, Dadds, Hawes, & Brennan, 2012) and 7 (Viding, Blair, Moffitt, & Plomin, 2005) years
old, and in some children appear to persist into adolescence (Frick, Kimonis, Dandreaux, & Farell,
2003) and adulthood (Lynam, Caspi, Moffitt, Loeber, & Stouthamer-Loeber, 2007). Importantly, CU
traits predict DB even when controlling for level of aggression in children and adolescents with an
age range of 4-19 (e.g., Fritz, Wiklund, Koposov, Klinteberg, & Ruchkin, 2008; Scholte, Stoutjesdijk,
Van Oudheusden, Lodewijks, & Van der Ploeg, 2010) and when controlling for Attention Deficit
Hyperactivity Disorder (ADHD) in childhood (e.g., Byrd, Loeber, & Pardini, 2012).
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Frick and Viding (2009) provide a model describing how disruption in emotional, cognitive and
social processing of children with CU traits, elevate the risk of persistent and severe DB. Research
across a wide age range consistently shows that children and adolescents with high CU traits are less
sensitive to and have difficulty recognizing emotional cues (Frick et al., 2014), especially negative
stimuli, and have deficits in processing negative emotion expressed by others, like fear and distress
(e.g., Dadds et al., 2006; Muiloz, 2009) and pain (Wolf & Centifanti, 2014). Neuroimaging research
also demonstrates hypoactivation in brain areas of children with CU traits related to emotion
processing and regulation in response to others’ distress (Jones, Laurens, Herba, Barker, & Viding,
2009). It is theorized that these emotional processing difficulties may interfere with the development
of guilt and empathy (Blair, Veroude, & Buitelaar, 2018). Further, children with DB who have CU
traits appear less responsive to punishment (e.g., Frick, Cornell, Barry, Bodin, & Dane, 2003) in part
due to a fearless, thrill seeking, and behaviorally uninhibited temperament (Masi et al., 2014).
Neuroimaging studies support these data and show abnormalities in brain activation associated
with impairments in learning from punishment in children with CU traits (Finger et al., 2008).
Taken together, children with CU traits are more likely to show deficits in empathy and guilt as well
as blunted interpersonal sensitivity and lower sensitivity and responsiveness to punishment, placing
these individuals at increased risk of engaging in DB (Frick et al., 2014). However, not all children
with these traits engage in DB (Fanti, 2013; Rowe et al,, 2010). Next we discuss some relevant
neurocognitive factors that may explain some of the variability in the type and level of DB shown in
children and adolescents with CU traits.

Many children with DB show deficits in specific “top down” neurocognitive skills, termed executive
functions (EFs) (Pennington & Ozonoff, 1996). EFs include a number of neurocognitive processes
required for goal-directed behavior (Miller & Cohen, 2001) and self-regulation (Carlson, Zelazo, &
Faja, 2012). Of the core EFs, inhibitory control (i.e., the ability to control attention, thought, and behavior
in the presence of interfering stimuli) is an important ability associated with the maintenance of goal-
directed behavior and restriction of impulsive behavior (Diamond, 2013; Miyake et al., 2000). Another
important EF in children with DB is cognitive flexibility, the ability to mentally shift from one task to
another, utilize alternative strategies, and simultaneously process more than one source of information
(Zelazo, Craik, & Booth, 2004). Cognitive inflexibility is associated with behavioral perseveration despite
corrective feedback, which can impede a child’s ability to learn from consequences (Séguin & Zelazo,
2005). Cognitive inflexibility may in part explain research findings showing persistence of negative
behavior in some children with DB despite punishment (e.g., Frick, Cornell et al., 2003).

Deficits in EFs, and specifically in inhibitory control and cognitive flexibility, have been associated
with DB in childhood (e.g., Ellis, Weiss, & Lochman, 2009; Frick & Viding, 2009; Woltering, Lishak,
Hodgson, Granic, & Zelazo, 2016) as well as in adolescence and adulthood (Ogilvie, Stewart, Chan, &
Shum, 2011; Young et al., 2009). Efficiency in these important EFs predict the effectiveness of
behavior in everyday life (Best, Miller, & Jones, 2009; Clark, Prior, & Kinsella, 2002). The develop-
ment of EFs is partially dependent on the integrity and maturation of the prefrontal cortex (PFC)
(Cunningham & Zelazo, 2007; Miyake & Friedman, 2012), which is associated with daily behavioral,
emotional, and cognitive functioning (Miller & Cohen, 2001). This is of note given that impairments
in the ventromedial PFC have also been associated with psychopathy or CU traits (see Blair, 2007;
Finger et al., 2008), suggesting an overlap between the brain regions implicated in CU traits and the
development of EFs.

It is evident that elevated CU traits and EF deficits in children negatively impact social and
behavioral functioning, are associated with children’s response to punishment and ability to learn
from social feedback, and are potentially linked to development of similar brain regions (Finger
et al., 2008; Miyake & Friedman, 2012). However, not all children with CU traits and EF deficits have
co-occurring DB, suggesting that these processes may interact at different levels, which may explain
heterogeneity in DB. Therefore, it is important to assess how emotional (CU traits) and cognitive
factors (EF) interact and whether their interaction explains the presence of DB. Few studies have
investigated the effect of EF among children with CU traits on the variability and severity of DB.
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First, a limited body of research suggests that the heterogeneity in behavioral presentation of
adolescents with CU traits can be partially explained by differences in EFs (Hadjicharalambous &
Fanti, 2018). Specifically, in Hadjicharalambous and Fanti’s study, adolescents with CU who also
presented with conduct problems showed more EF deficits as compared to adolescents with only CU
traits without conduct problems or the control group. Waller, Hyde, Baskin-Sommers, and Olson
(2017) found that children with elevated CU traits and less well developed EFs at age three showed
more reactive and proactive aggression and were liked less by peers at age 10. Similarly Wall, Frick,
Fanti, Kimonis, and Lordos (2016) found that children between the ages of 7 and 11 year who
presented with elevated CU traits and DB showed poorer EFs compared to children with CU traits
without DB. These findings with children are consistent with the adult literature showing that adult
male inmates with high psychopathic traits showed deficits in EFs, especially with inhibitory control
and planning (Pham, Vanderstukken, Philippot, & Vanderlinden, 2003). However, findings from
studies investigating EFs, CU traits and DB have not been consistent. Results from some studies have
shown that intact or superior EFs in children and juvenile offenders are associated with elevated CU
traits and an increased likelihood of proactive and reactive aggression (Thomson & Centifanti, 2018),
and violence and substance use (Baskin-Sommers et al., 2015). Baskin-Sommers et al. (2015) reason
that better developed EF skills may contribute to enhanced cognitive control, allowing for increased
effectiveness in planning and obtaining one’s antisocial goals.

Investigating the effect of EFs at varying levels of CU traits is important in order to better
understand why subgroups of children and youth who have CU traits may vary in the severity and
type of their behavioral problems (Fontaine, McCrory, Boivin, Moffitt, & Viding, 2011) which in
turn may inform treatment planning. It is possible that heterogeneity in behavioral severity of
children with DB is partially influenced by the interaction between their EFs and CU traits, given
evidence independently linking deficits in EF and CU with behavioral outcomes (e.g. Loeber &
Keenan, 1994; Tannock, 1998). The overall aim of the present study was to extend previous research
by determining whether the interaction between specific performance-based and rating scale mea-
sures of EFs and CU traits were associated with the severity and type of childhood DB including
oppositional, defiant, and conduct problems. We included both performance-based and rating scale
measures of EF based on research suggesting that these assess different aspects of EF; rating scales
more likely assess aspects of EF related to everyday activities requiring self-direction whereas
performance-based tasks might better represent EF during structured activities (see Mahone et al,,
2002; McAuley, Chen, Goos, Schachar, & Crosbie, 2010; Toplak, West, & Stanovich, 2013).
Therefore, we included both types of EF measures in our study to uncover any potential differences
in their impact on the association between CU traits and behavior.

In keeping with previous studies, we expected that elevated CU traits and less well developed EFs
as assessed by performance-based measures and a parent rating scale would be associated with
greater DB (i.e., oppositional/defiant behavior and conduct problems). Further, we tested whether
the effect of EFs (i.e., inhibitory control, cognitive flexibility, and overall parent-rating of EF) would
influence (i.e., moderate) the association between CU traits and DB such that the strength of this
association would be weaker with higher EF and stronger with lower EF. As such, we were interested
to see if better developed EFs would be “protective” for children with high CU traits.

Method
Participants

Data were collected from eighty-one children and their parents from the Greater Toronto Area
participating in a larger research project to determine social, neurocognitive and emotional differ-
ences between clinic-referred and typically developing children. Children and their parents were
recruited from the community, an urban outpatient mental health clinic for children with behavioral
problems, private psychological practices, and from advertising on a website that provides education
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for families who have children with ADHD. The full sample was used in all analyses in order to
maximize the range in CU traits and DB measures given that the aim of the study is to understand
associations between CU, EF and DB in a sample of children with varying levels of difficulty, rather
than on comparisons between groups.

Children were between the ages of eight and 12 years (M = 9.54, SD = 1.29) with 26 females and
55 males. For each child, one parent completed the parent questionnaires. Seventy-one biological
mothers participated, six biological fathers, one stepfather, two adoptive fathers, and one who
identified as other. Parents identified 64.2% of children as Caucasian, 23.5% as having a mixed
background, 2.5% as Latin American, and 9.9% as other ethnicity. All children were pre-screened
using a telephone interview to determine eligibility and children with a diagnosis of Asperger’s
disorder or Autism Spectrum disorder were excluded. All children had cognitive functioning at or
above the Borderline range (IQ>70) on the Kaufman Brief Intelligence Task — 2 (KBIT-2). Thirty-
nine children met criteria for Attention Deficit Hyperactivity Disorder (ADHD), of whom 34 were in
the “at risk” or “clinical” ranges for DB or met criteria for oppositional defiant disorder or conduct
disorder based on the Computerized Diagnostic Interview Schedule for Children - Parent Version
(C-DISCG; Fisher, Lucas, Sarsfield, & Shaffer, 2006). Of the overall sample, 21 children were taking
psychotropic medication; 19 were taking psycho-stimulants and two were taking medication in
addition to the psychostimulant (a selective-serotonin reuptake inhibitor to treat anxiety, and
homeopathic remedies for concentration).

Procedure

Parents and their children met with one trained graduate student in psychology and one trained research
assistant, supervised by a registered psychologist, for a session lasting approximately 90 to 120 minutes.
The study was explained to each parent and child and informed consent and assent were obtained. One
examiner administered the measures of EF with the child participant (i.e., Stroop and Trail Making Test),
while the other examiner completed the CDISC and questionnaires with the parent (i.e., Child Behavior
Checklist, Inventory of Callous-Unemotional Traits, and Barkley Deficits in Executive Functioning
Scale). The order of the child measures was counterbalanced. Parents received an honorarium of 20.
USD All procedures were approved by the institutional research ethics board.

Measures

Screening and diagnostic measures
Kaufman Brief Intelligence Test, Second Edition (KBIT-2; Kaufman & Kaufman, 2004). The KBIT-2 is
a brief individualized test of intellectual abilities. It consists of three subtests that measure verbal and
nonverbal abilities. An age corrected IQ score was computed. Higher scores indicate higher intelligence.
Computerized Diagnostic Interview Schedule for Children - Parent Version (C-DISC; Fisher
et al., 2006). The C-DISC is a computerized structured interview designed to assess DSM-IV/DSM-5
psychiatric disorders, symptoms, and level of impairment in children and adolescents aged 6 to 17.
The Attention/Deficit-Hyperactivity Disorder (ADHD), Oppositional Defiant Disorder (ODD), and
Conduct Disorder (CD) subscales were administered to parents by trained graduate students in
clinical psychology supervised by a registered psychologist.

Independent variable measure

The Inventory of Callous-Unemotional Traits — Parent Report (ICU; Essau, Sasagawa, & Frick, 2006;
Frick, 2004). The ICU is a 24-item parent-report questionnaire designed to assess callous and
unemotional traits. The ICU has a total score as well as three subscales: Callousness, Uncaring,
and Unemotional. The total score was computed, with higher scores indicative of higher CU traits.
The Cronbach’s alpha for the total score in our sample was.80. The psychometric properties of the
ICU have been supported in community samples (Essau et al., 2006; Roose, Bitjttebier, Decoene,
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Claes, & Frick, 2010) and in youth offenders (Kimonis et al., 2008), with overall support for a general
factor of CU traits.

Dependent variable measure

Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001). The CBCL was completed by parents to
assess emotional and behavioral problems in children in the past six months. It is designed to be used
with children aged six to 18. The CBCL has eight subscales: Anxious/Depressed, Withdrawn/Depressed,
Somatic Problems, Social Problems, Attention Problems, Rule Breaking, and Aggressive Behavior.
There are also six DSM-oriented scales consistent with the diagnostic categories of: affective problems,
anxiety problems, somatic problems, ADHD, oppositional defiant problems (ODP), and conduct
problems (CP). Total raw scores for the ODP and CP were used in this study. Questions were scored
on a three-point Likert scale ranging from 0 = Absent, 1 = Occurs Sometimes, and 2 = Occurs Often.
Higher scores on either dimension of ODP or CP are indicative of greater difficulties. Studies have
supported the reliability and validity of the DSM-oriented scales (Nakamura, Ebesutani, Bernstein, &
Chorpita, 2009) and these scales have been widely used with samples of children with DB (e.g., Van
Bokhoven, Matthys, Van Goozen, & Van Engeland, 2005).

Moderating variable measures

The Trail making Test (TMT; Reitan, 1958, 1955). The TMT Parts A and B was used to measure set
shifting or cognitive flexibility. Part A requires the participant to connect 25 numbered circles in
numerical order with a pencil. Part B requires participants to connect alternating letters and
numbers in alpha-numerical order. The dependent measure for this task was the completion time
for Part B minus the completion time on Part A (Strauss, Sherman, & Spreen, 2006). Higher scores
indicate difficulties in cognitive flexibility. The validity and reliability of the TMT has been sup-
ported (Strauss et al., 2006) and the test has been used in research with DB (e.g. Ogilvie et al., 2011).

The Stroop Task (Stroop, 1935). This performance-based test was used to measure inhibitory control.
There were three different conditions, each with 24 items arranged in a 4 x 6 matrix. The first was a color-
naming condition, the second a word-naming condition, and the third was an interference condition in
which participants were asked to name the color of the font in which the color word was printed. The
inhibition score of the Stroop task was calculated by subtracting the total naming time (in seconds) for
the color condition from the total naming time for the interference condition. The validity and reliability
of the inhibition score of the Stroop task has been supported (Strauss et al., 2006; Stroop, 1935) and the
test has been widely used with samples with DB (e.g. Ogilvie et al., 2011; Banich et al., 2007; Woltering
et al,, 2016). Higher scores were indicative of better inhibition.

Barkley Deficits in Executive Functioning Scale — Children and Adolescents (BDEFS-CA; Barkley,
2012). The BDEFS- CA Short Form is an empirically based parent completed rating scale used to
evaluate child and adolescent executive functioning in daily activities. The 20-item scale asked
parents about the child’s time management, organization and problem solving, self-restraint, self-
motivation, and self-regulation of emotions. Each item is rated on a 4-point Likert scale ranging
from 1 = never or rarely, 2 = sometimes, 3 = often, and 4 = very often. This measure has been found to
be both reliable and valid (Barkley, 2012). Higher total score is indicative of more difficulties with
executive functioning and Cronbach’s alpha for the total score in our sample was .96.

Analytic plan

Before testing the hypotheses, the data were visually screened and examined using descriptive
statistics. Data were missing for one participant on the ICU scale and another on the Stroop test.
Pairwise deletion was used to handle those missing data points. Second, Pearson product-moment
correlations were used to assess the associations between ICU, performance-based and ratings of EF,
and behavioral outcome variables. Finally, multiple regression analysis was used to test whether each
domain of EF moderated the association between ICU and behavioral outcomes.
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Results
Descriptive analyses and bivariate correlations

Descriptive statistics are presented in Table 1 and Pearson correlations in Table 2. ICU total score
was significantly (r = .55 - .68) moderately correlated with BDEFS total score and the two behavioral
outcome measures, such that higher scores on the ICU were associated with more executive
dysfunction as rated on the BDEFS and greater behavioral difficulties. BDEFS total score was also
significantly (r = .57 and .70) moderately correlated with the behavioral outcome measures; elevated
executive dysfunction on the BDEFS was associated with more behavioral difficulties. Worse
inhibitory control and set shifting as measured by performance on the Stroop and Trails tasks
were significantly correlated with each other (r = .41) but not with the behavioral measures or ICU.
The two behavioral outcome measures were significantly positively correlated (r = .74).

Does EF moderate the association between CU traits and DB?

ICU total score was significantly uniquely associated with ODP in all three models (see Table 3; all ps
<. 05). BDEFS total score was also a significant and unique correlate of ODP, with p < .001. Trails
B minus A and Stroop interference scores were not uniquely associated with ODP, with p =.130 and
p = .341, respectively. Performance-based and parent rating EF measures did not moderate the effect
of ICU on ODP, which suggests that CU traits’ effect on ODP is consistent across all levels of EF.

Similar to the previous models, ICU total score was a significant and uniquely associated with CP
in all three models (see Table 4; all ps < . 05). BDEFS total score was also a significant and unique
correlate of CP, with p <.001. Trails B minus A and Stroop interference scores were not significantly
associated with CP, with p =.104 and p = .310, respectively. Performance-based and parent rating EF
measures did not moderate the effect of ICU total score on CP, indicating that CU traits’ effect on
CP is consistent across all levels of EF.

Table 1. Descriptive statistics.

Variable N Mean SD Range (min, max)
ICU total score 80 20.18 773 8, 38
BDEFS total score 81 40.60 14.81 21,73
Trails B minus A 81 100.02 61.52 12, 262
Stroop interference score 80 46.48 20.64 -1, 106
ODP-CBCL 81 3.16 2.89 0, 10
CP-CBCL 81 2.79 3.53 0,17

Values of skewness and kurtosis were examined for all the variables and were within acceptable limits. ICU
The Inventory of Callous-Unemotional Traits; BDEFS Barkley Deficits in Executive Functioning Scale —
Children and Adolescents; ODP Oppositional Defiant Problems score; CP Conduct Problems score; CBCL
Child Behavior Checklist.

Table 2. Correlations among CU traits, EF, and DB outcome variables in the total sample.

Variable 1 2 3 4 6 7
1. ICU total score 1
Moderator variables
2. BDEFS total score 55%% 1
3. Trails B minus A .10 18 1
4. Stroop interference 15 .18 i Rl 1
Outcome variables
5. ODP-CBCL .68%* .70%* .20 .03 1
6. CP- CBCL 61%* S57%* 21 .01 74%* 1

* p <.05, ** p <.01.
ICU The Inventory of Callous-Unemotional Traits; BDEFS Barkley Deficits in Executive Functioning Scale — Children and
Adolescents; ODP Oppositional Defiant Problems score; CP Conduct Problems score; CBCL Child Behavior Checklist.
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Table 3. Hierarchical regression models testing the moderating effect of EF on ICU and ODP-CBCL (N = 80).

Variable

Moderator B B SE T p value (@] R2 F for change in R2

BDEFS Step 1 .62 63.60**
ICU 0.16 42% 0.03 5.07 <.001 0.10, 0.22
BDEFS 0.09 AT* 0.02 5.65 <.001 0.06,0.12
Step 2 63 137
ICU 0.06 17 0.09 0.70 484 —-0.11,0.24
BDEFS 0.05 25 0.04 1.18 241 —-0.03,0.13
Interaction 0.00 43 0.00 117 246 —0.00,0.01

Trails Step 1 48 35.87**
ICU 0.25 67% 0.03 8.13 <.001 0.19,0.31
Trails B minus A 0.01 13 0.00 1.53 130 0.00,0.01
Step 2 49 1.24
ICU 0.32 .85% 0.07 4.76 <.001 0.18,0.45
Trails B minus A 0.02 45 0.01 1.49 141 —-0.01,0.05
Interaction —-0.00 —-.40 0.00 -1.11 .269 0.00,0.00

Stroop Step 1 A7 33.84**
ICU 0.26 69% 0.03 8.22 <.001 0.20,0.32
Stroop interference -0.01 -.08 0.01 -0.96 341 —0.03,0.01
Step 2 48 1.38
ICU 0.33 .89% 0.07 4.80 <.001 0.19,0.50
Stroop interference 0.02 15 0.03 0.70 488 —0.4,0.08
Interaction 0.00 -34 0.00 -1.17 244 0.00,0.00

* p <.05.

BDEFS Barkley Deficits in Executive Functioning Scale — Children and Adolescents; ICU The Inventory of Callous-Unemotional Traits.

Discussion

This study investigated associations and interactions between CU traits, performance-based and
rating scale measures of EF, and behavioral outcomes in children. The results were consistent across
analyses, such that elevated CU traits and parent ratings of EF were uniquely associated with greater
DB. However, performance-based measures and parent ratings of EFs did not significantly moderate
the effect of CU traits on DB.

Parent-reported EFs and CU traits were significantly moderately correlated, and were each
uniquely associated with DB; however, their interaction was not associated with behavioral severity.
Findings from this study are consistent with work by Allen, Briskman, Humayun, Dadds, and Scott
(2013) showing that CU traits did not moderate the association between verbal and nonverbal
reasoning and antisocial behavior in adolescents. Findings from the present study are not consistent
with other studies that found that EFs moderated the association between CU traits and DB where
varijability in EF explained some of the variability in DB in children with higher CU traits (e.g.,
Baskin-Sommers et al., 2015; Thomson & Centifanti, 2018; Waller et al., 2017). However, findings
from these latter studies were also mixed in that Waller et al. (2017) found that superior EF in
children with elevated CU was associated with less severe DB and Thomson and Centifanti (2018)
and Baskin-Sommers et al. (2015) found that better developed EF facilitated more sophisticated DB.
We put forth a few explanations for the discrepant findings across studies. First, it is possible that EF
did not influence the association between CU and DB in the present study in part due to the
relatively low levels of CU traits in our sample, as compared to other clinical samples that included
only children or adolescents with severe DB, delinquency, and psychopathic traits. Second, it is
possible that EFs may have greater influence on the behavior of youth with DB later in development,
around adolescence and young adulthood, when EFs are more fully developed, rather than in middle
childhood. Third, guided by Frick and Viding (2009) model, it is possible that the cognitive and
emotional factors proposed to underlie behavioral severity in youth with CU may act independently
rather than having an interdependent effect. However, these assertions are all very preliminary and
further research to clarify associations between CU, EF and DB is needed.
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Table 4. Hierarchical regression models testing the moderating effect of EF on ICU and CP-CBCL.

Variable F for
Moderator B B SE T p value cl R2 change in R2
BDEFS Step 1 44 31.40%*
ICU 0.19 A2% 0.05 4.19 <.001 0.10,0.29
BDEFS 0.08 34*% 0.02 334 .001 0.030.13
Step 2 47 2.70
ICU —-0.01 -.01 0.13 —-0.04 971 —-0.26,0.25
BDEFS —-0.01 —-.04 0.06 —-0.16 873 —-0.13,0.11
Interaction 0.00 73 0.00 1.64 .105 0.00,0.01
Trails Step 1 39 24.72%*
ICU 0.27 .59% 0.04 6.63 <.001 0.19,0.35
Trails B minus A 0.01 15 0.01 1.65 .104 0.00,0.02
Step 2 40 0.82
IcU 0.20 43 0.09 2.26 027 0.02,0.38
Trails B minus A -0.01 -1.42 0.02 -0.43 670 -0.05,0.03
Interaction 0.00 35 0.00 0.91 367 0.00,0.00
Stroop Step 1 42 27.39%*
IcU 0.27 66* 0.04 7.40 <.001 0.20,0.34
Stroop interference -0.01 -.09 0.01 -1.02 310 —0.04.0.01
Step 2 43 0.98
ICU 0.34 83* 0.08 4.25 <.001 0.18,0.50
Stroop interference 0.02 11 0.03 0.50 617 —0.05,0.09
Interaction 0.00 -30 0.00 —-0.99 326 0.00,0.00 2.70
* p <.05.

BDEFS Barkley Deficits in Executive Functioning Scale — Children and Adolescents; ICU The Inventory of Callous-Unemotional Traits.

The current study replicated previous findings showing that children with CU traits also show
greater DB (e.g., Frick et al., 2014). Further, CU traits were also uniquely associated with two specific
dimensions of behavior assessed; conduct problems, and oppositional defiant behavior, even after
controlling for the effect of EF. The robust association between CU traits and DB found in this study
is consistent with previous research (e.g., Piatigorsky & Hinshaw, 2004). Further, parent ratings of
EFs, encompassing aspects of child’s time management, organization and problem solving, self-
restraint, self-motivation, and self-regulation of emotions, were moderately to strongly associated
with the two behavioral outcomes measured. Specifically, deficits in EF as indicated by parent ratings
were associated with greater oppositional and defiant behavior, and conduct problems. EF deficits, as
rated by parents, were also uniquely associated with behavioral difficulties indexed by each of the
behavioral outcome measures, even after accounting for the effect of CU traits. This latter finding
suggests that the behavioral presentation of EF deficits is closely linked to DB in children, beyond the
effect of CU traits, according to parent rating. These findings are consistent with Séguin and Zelazo
(2005) proposal that children who display higher levels of behavioral difficulties and aggression are
likely unsuccessful at regulating their anger due to deficits in EF processes associated with behavior
regulation and aggression.

Scores on the two performance-based EF measures were not associated with CP or ODP. Further,
although CU traits, as reported by parents, were found to be moderately and significantly correlated with
parent ratings of EF, performance-based measures of EF were not. One potential explanation for the
discrepant findings across the EF measures is their distinct measurement modality. There is some
research to suggest that performance-based EF measures and rating scales of EF assess different aspects
of cognition and self-regulation (see Toplak et al, 2013). The small and non-significant bivariate
associations between the two performance-based measures and the parent ratings scale of EF (rs = .18)
are consistent with this notion. Given that parent ratings are thought to capture the behavioral
representation of EF (McAuley et al, 2010), these ratings may be more closely associated with the
behavioral representation of CU traits captured also by parent report. It is possible that our performance-
based measures of inhibitory control and cognitive flexibility did not assess the aspects of cognition and
self-regulation associated with DB the same way the parent-report of overall EF in our study did (see also
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McAuley et al., 2010). Further, the rating scale used in the present study assessed multiple domains of EF
that included self-regulation of emotion, an aspect of EF not assessed by the performance-based
measures. The broader representation of EF, as assessed by the rating scale measure, may be more
closely related to CU traits. Further research that examines the associations between the underlying
dimensions of CU traits, such as empathy and interpersonal callousness, with EFs using objective
measures, rather than parent report, may be important to build on findings from the present study
(e.g., Gasser, Malti, & Buholzer, 2013; Malti & Krettenauer, 2013).

Limitations and future directions

There are some limitations that need to be taken into consideration when interpreting the findings of the
current study. First, the sample used in the present study did not include a large proportion of children
with very elevated CU traits, limiting the generalizability of these findings to other samples with higher
levels of CU. All children recruited through clinics met criteria for ADHD. However, it is noteworthy
that ADHD and DB symptoms are highly comorbid (Angold, Costello, & Erkanli, 1999) in samples of
children recruited through clinics such as ours. Future research should control for the effect of ADHD
symptoms on DB when assessing the effect of CU traits and EF. Nonetheless, previous work has shown
that even when controlling for ADHD, CU remains a significant predictor of DB (e.g., Byrd et al.,, 2012;
Kaplan & Cornell, 2004; Lynam, Miller, Vachon, Loeber, & Stouthamer-Loeber, 2009). Second, our
cross-sectional study design limits the scope of the conclusions that we can make and longitudinal
designs are needed to more closely examine the influence of EF on the association between CU traits and
DB in children. Third, as is standard in much of the existing literature, parent ratings of CU traits, EF and
DB in children were used which may have inflated the associations among these measures due to shared
method variance. Nonetheless, the associations reported in this study are consistent with our hypotheses
and previous research examining those constructs. It is also important to note that parents play a key role
in the treatment of children with DB and parent ratings are routinely used in clinical settings to assess
eligibility and to determine effectiveness of treatment; therefore, using parent ratings in studies is
important from an ecological validity and clinical applicability perspective. Fourth, we used two
performance-based measures of EF in this study representing two key domains of EF deficits in children
with DB (see Miyake et al., 2000). Future research may consider including performance-based measures
representing other domains of EF, including working memory and emotion recognition. Finally, as is
common with samples with behavioral difficulties, the majority of the children in our sample were males.
Further research is needed to assess any differences in CU, EF and DB across sex and gender, and
possibly puberty level which can also impact level and type of DB.

Overall, the current findings provide preliminary support of the unique association between CU
traits and aspects of EF with DB in children. CU traits and parent ratings of EF were robustly
associated with children’s ODP and CP. However, EF did not moderate the effect of CU traits on
DB, which suggests that examining EF is useful and informative in assessing for DB in children, and
in targeting EF in intervention programs, irrespective of the level of CU traits. Further study of the
precise nature of the interaction between EFs and CU traits across development is worthwhile in
understanding their impact on behavior.
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