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Abstract

Background: Impairments in executive functions (EF) are consistently associated with attention deficit hyperactivity disorder (ADHD) and
to a lesser extent, with disruptive behavior disorder (DBD), that is, oppositional defiant disorder or conduct disorder, in school-aged
children. Recently, larger numbers of children with these disorders are diagnosed earlier in development, yet knowledge about impair-
ments in clinically diagnosed preschool children and the role of comorbidity is limited. Therefore, the aim of the current study was to
examine EF in clinically referred preschool children with a clinical diagnosis of ADHD, DBD and ADHD + DBD.

Method: Participants were 202 children aged 3.5-5.5 years, 61 with ADHD only, 33 with DBD only, 52 with comorbid ADHD + DBD and
56 typically developing children. Five EF tasks were administered.

Results: Confirmatory factor analysis showed that the two-factor model (inhibition and working memory) fit the data better than a one-
factor model in this clinical sample. Preschoolers with ADHD displayed inhibition deficits, also after controlling for IQ. Likewise, pre-
schoolers with DBD displayed impaired inhibition, but when IQ was controlled differences were carried mostly by the effect on the task
where motivational demands were high (i.e. when tangible rewards were used). This pattern was also found in the interaction between
ADHD and DBD; impaired inhibition in the comorbid group, however, was more severe than in the DBD group. Regarding working
memory, few group differences were found.

Conclusions: Clinically diagnosed preschool children with ADHD showed robust inhibition deficits, whereas preschool children with
DBD showed impaired inhibition especially where motivational incentives were prominent. Severity of inhibition impairment in the co-
morbid group was similar to the ADHD group.

Keywords: Executive functions, preschool children, DBD, ADHD

Introduction motivational processes, that is, reward and punishment,
are involved (Matthys, van Goozen, de Vries, Cohen-

School-aged children with behavior problems show Kettenis, & Van Engeland,1998; Matthys, van Goozen,
robust impairments in executive functions (EF; Ooster- Snoek, & van Engeland, 2004; Schutter, van Bokhoven,
laan, Logan, & Sergeant, 1998). EF can be defined Vanderschuren, Lochman, & Matthys, 2011). Although
broadly as the top-down control of cognitive processes  these studies provided valuable information on the role
to achieve a purpose or goal (Séguin & Zelazo, 2005).  of EF in school-aged children with ADHD and the DBD,
Miyake et al. (2000) proposed that, in adulthood, EF is  chronic patterns of hyperactivity and behavior problems
a unitary construct with three dissociable components:  can already be identified in the preschool years (Shaw,
working memory, inhibition and set shifting. Children Lacourse, & Nagin, 2005). Furthermore, there is increas-
with attention deficit hyperactivity disorder (ADHD)  ing evidence that diagnoses of ADHD and DBD can be
show EF deficiencies, especially in inhibition (Willcutt  made reliably in preschool children (e.g. Keenan et al.,
et al,, 2005). In the meta-analysis by Oosterlaan et al. = 2007), and an increasing number of children are diag-
(1998), however, deficits in inhibition were not uniquely ~ nosed clinically in preschool. It is not clear whether pre-
associated with ADHD, but also with the two disruptive  schoolers with diagnosed, externalizing clinical disor-
behavior disorders (DBD), that is, oppositional defiant  ders will show EF deficits similar to those observed in
disorder (ODD) and conduct disorder (CD). Other stud-  diagnosed school age children or whether such deficits
ies have shown deficiencies in inhibition in school age  do not emerge until later in development, particularly as
children and adolescents with DBD specifically when  characterizing EF in preschoolers is not straightforward.
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Indeed, there is substantial debate regarding the or-
ganization of EF in preschool children, that is, whether
EF is a unitary construct (Wiebe, Espy, & Charak, 2008;
in a community sample) or if separable components (e.g.
working memory, inhibition and shifting) can be identi-
fied at this young age (Hughes, Dunn, & White, 1998;
with hard to manage preschoolers). In their review, Ga-
ron, Bryson, and Smith (2008) propose that the EF com-
ponents develop hierarchically during the preschool pe-
riod (working memory followed by inhibition followed
by set shifting), although there is no specific evidence to
date to support this developmental timetable.

In recent years there has been increasing interest in
the study of EF, especially on inhibition and working
memory, in preschool children with behavioral prob-
lems. In line with findings with older children, Mari-
ani and Barkley (1997) found impairments on tasks de-
signed to measure inhibition in clinically diagnosed
preschoolers with ADHD. Likewise, in community sam-
ples, inhibition impairments also have been observed,
either when ADHD symptoms are defined categori-
cally (Dalen, Sonuga-Barke, Hall, & Remington, 2004;
Thorell & Wahlstedt, 2006; Youngwirth, Harvey, Gates,
Hashim, & Friedman-Weieneth, 2007) or continuously
(Berlin & Bohlin, 2002; Sonuga-Barke, Dalen, Daley, &
Remington, 2002; Tillman, Thorell, Brocki, & Bohlin,
2008; Von Stauffenberg & Campbell, 2007). For working
memory, results are inconsistent, with some noting an
impairment (Mariani & Barkley, 1997; Thorell & Wahl-
stedt, 2006) and others not (Sonuga-Barke et al., 2002;
Youngwirth et al., 2007).

While meta-analyses have confirmed the presence of
impaired inhibition task performance in older children
with DBD (Morgan & Lilienfeld, 2000; Oosterlaan et al.,
1998), it is unclear whether such deficits also are evi-
dent in preschoolers. Results from several studies have
revealed inhibitory deficits in preschoolers with DBD
symptoms, but these were not robust after controlling
for ADHD symptoms (Berlin & Bohlin, 2002; Sonuga-
Barke et al., 2002; Thorell & Wahlstedt, 2006; Young-
wirth et al., 2007; but see Raaijmakers et al., 2008 for an
exception). By contrast, preschoolers with symptoms of
DBD do not appear to show deficits on working mem-
ory tasks (Raaijmakers et al., 2008; Thorell & Wahlstedt,
2006; Youngwirth et al., 2007).

Attempts to delineate EF impairments in preschool-
ers with behavior problems at present are incomplete.
Because most studies have used community samples
with less severely disordered children, further inves-
tigation of EF is warranted in clinical samples of pre-
school children with ADHD and DBD, who have more
severe behavior problems. For example, the lack of EF
impairment found in preschoolers with DBD might be
related to the lower DBD symptom severity in commu-
nity samples studied thus far.

Furthermore, the role of comorbidity has been largely
ignored, despite the fact that about half of the children
with ADHD are also diagnosed with ODD, and the
percentage of children with ODD who have comorbid

ADHD is even higher (Kutcher et al., 2004). Only one
study included a comorbid ADHD + ODD group from a
community sample (Youngwirth et al., 2007); these chil-
dren exhibited deficits on both inhibition and working
memory tasks.

The aim of the present study was to examine EF in
clinically referred preschool children with a confirmed,
clinical diagnosis of ADHD, DBD and ADHD + DBD. A
comparison group of typically developing (TD) children
was also included. We capitalized on recent advance-
ments in preschool EF assessment including tasks that
were designed to preferentially measure inhibition or
working memory, were developed specifically for use in
this age range, and varied in their motivational demands.
Based on results from studies with older diagnosed chil-
dren, we expected that children with ADHD would show
deficits on both inhibitory and working memory tasks,
even when controlling for comorbid DBD symptoms.
Further, preschoolers with DBD were hypothesized to
display selective impairments on inhibitory tasks (but not
on those selected to measure working memory), also after
controlling for ADHD symptoms, especially when moti-
vational demands were more prominent. Furthermore,
we expected that the comorbid group would display in-
hibition as well as working memory deficits.

Method
Participants

Participants were 202 children aged 3.5-5.5 years with
ADHD (N = 61), DBD (N = 33), ADHD + DBD (N = 52)
and TD children (N = 56). Children with disorders were
referred by general practitioners, well-baby clinics and
pediatricians for clinical assessment at the Outpatient
Clinic for Preschool Children with Behavioral Problems,
Department of Child and Adolescent Psychiatry, Univer-
sity Medical Centre Utrecht. Children were diagnosed
as ADHD, DBD (i.e. ODD or CD) or ADHD + DBD on
the basis of the strict application of the DSM-IV-TR cri-
teria for these disorders (American Psychiatric Associ-
ation, 2000). Consensus was reached between a child
psychiatrist and a clinical child psychologist using the
following data sources: (a) the scores within the clinical
range on the Attention Problems scale and the Aggres-
sive Behavior scale of the Child Behavior Checklist com-
pleted by parents (CBCL/1.5-5) and the Child Teacher
Report Form completed by teachers or day-care care-
givers (C-TRF/1.5-5; both: Achenbach & Rescorla, 2000;
Dutch version by Verhulst & Van der Ende, 2000); (b) the
symptoms reported on the Kiddie Disruptive Behavior
Schedule (Keenan et al., 2007), a semistructured DSM-
IV based parent interview for the assessment of ADHD,
ODD and CD in preschool children; (c) the scores on
the Child Global Assessment Schedule (Schaffer, et al.,
1983), a measure of the impairment of the functioning of
the child, filled out by the parents as well as the teacher/
caregiver; and (d) the observation of the child’s behav-
ior using the Disruptive Behavior Diagnostic Observation
Schedule (Wakschlag, Briggs-Gowan, et al., 2008; Wak-
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Table 1. Means (and SD) for the demographics and control variables in the four groups

TD (1) ADHD (2) DBD (3) ADHD + DBD (4)
(n =56) (n=061) (n=33) (n=52) ANOVA  Post hoc
M SD M SD M SD M SD F/x(3,198) Bonferroni

Age (months)  55.66 7.18 55.20 7.41 51.88 8.29 54.12 6.80 2.10
% Boys 69.6 80.3 81.8 82.7 3.44
1Q estimate 111.65 10.32 101.29  12.00 101.89  10.90 99.76  11.61  12.60* 1>234
CBCL attention  50.88 2.14 68.10 7.16 64.45 8.17 69.44 6.73  102.31* 1<234+3<24
CBCL aggression 50.52  1.31 63.02  10.08 76.76 9.93 7558 11.86  89.38* 1<234+2<34
TRF attention ~ 52.05 3.85 7093  10.96 59.69 7.41 7088  12.77  50.67* 1<234+3<24
TRF aggression 52.02  3.10 6292  10.09 6241  10.11 67.65 1217  26.90* 1<234

ADHD, attention deficit hyperactivity disorder; CBCL, Child Behavior Checklist; DBD, disruptive behavior disorder; TD, typical

developing; TRF, Teacher Report Form. *p <.001.

schlag, Hill, et al., 2008), a structured observation that
evaluates the child’s behavior during tasks systematically
varying in the level of challenge and support.

The TD group was recruited from regular primary
schools and day-care centers. Children with a score in
the normal range on the Attention Problems scale and
on the Aggressive Behavior scale of the CBCL and C-
TRF were included.

All children with an IQ below 70, estimated by the
average of the scores on the Raven Colored Progressive
Matrices (Raven, Court, & Raven, 1998) and the Peabody
Picture Vocabulary Test-III-NL (Dunn & Dunn, 2005;
Dutch translation by Schlichting, 2005) were excluded.
None of the preschoolers in the clinical groups was on
medication. The characteristics of the four groups are
displayed in Table 1. The four groups did not differ on
age (p = .102) or proportion of males (p = .329). There
were group differences in estimated 1Q (p < .001), with
the TD group significantly outperforming the three clin-
ical groups, who performed similarly to each other.

Procedure

Children were evaluated in a single, morning session.
First, the two measures of intellectual functioning were
administered, followed by the EF tasks. All tasks were
administered individually by trained master’s students
in a quiet room with a one-way mirror. One parent was
in the room with the child and the assessment was re-
corded. The tasks were administered in a fixed order
and lasted about 2 hr, including breaks. After another
break the child observation and parent interview were
administrated. Parents received nominal financial com-
pensation for participating and children received two
small gifts. Written informed consent from the parents
was obtained before participating and the study was ap-
proved by the Medical Ethical Review Committee of the
University Medical Center Utrecht.

Measures

The EF tasks used in this study were adapted from
those used in Wiebe et al. (2011). The computerized
tasks are administered through E-Prime version 1.2
(Psychology Software Tools, Pittsburgh, PA). All tasks
were preceded by practice trials, to make sure the chil-

dren adequately understood, and could perform, the
tasks. Three tasks were considered to preferentially
measure inhibitory skills, that is, Go-No-Go, Modified
Snack Delay, and Shape School - Inhibit Condition, and
two more to preferentially assess working memory abil-
ities, that is, Nine Boxes and Delayed Alternation.

The Go-No-Go task is a computerized task where chil-
dren were instructed to catch as many fish (Go stimuli,
75%) as possible by pressing the button when a fish ap-
peared on the screen. They were instructed to let the
shark (No-Go stimuli, 25%) swim by withholding the
button press. Auditory feedback was provided when
appropriately catching a fish or inappropriately catch-
ing a shark. Stimuli were presented for 1,500 ms, with
an interstimulus interval of 1,000 ms. The dependent
variable was the proportion correct, the number of No-
Go trials the child correctly did not press the button di-
vided by the total number of No-Go trials.

Modified Snack Delay is a newly developed task that
integrates the motivational context from the original
Snack Delay paradigm (Kochanska, Murray, Jacques,
Koenig, & Vandegeest, 1996) with the motor - inhibi-
tory control demands of NEPSY Statue (Korkman, Kirk,
& Kemp, 1998). Children were instructed to stand still
like a snowman with their hands on a mat, without talk-
ing or moving. In front of the child a glass with a treat
underneath and a bell was placed. The child was in-
structed that when the examiner rang the bell, the child
could move again and eat the treat. The task lasted
4 min, during which the examiner progressively dis-
tracted the child with various activities (e.g. dropping
a pencil, knocking under the table) and culminating in
leaving the room for 90 s. During each 5-s interval, four
different behaviors categories were rated from DVD by
trained raters: moving body, moving hands, talking and
‘reward-related behavior’ (e.g. eating treat, touching
bell). Twenty percent were double coded to determine
interrater reliability (mean interrater agreement = 88%).
The dependent variable was the number of intervals
that the child complied with all task rules (not moving,
talking or ‘reward-related behavior’) divided by the to-
tal number of intervals (i.e. 48).

The Shape School - Inhibit Condition is a computerized
task with cartoon figures with different shapes, colors
and expressions, where the naming rule differs in vary-
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Table 2. Correlation between executive function tasks

Go-No-Go Modified Snack Delay =~ Shape School - Inhibit Delayed Alternation Nine Boxes
Go-No-Go - 25%F* 36** 21 A7*
Modified Snack Delay - 34 23 18*
Shape School - Inhibit - 33FH* 22%%
Delayed Alternation - Y

Nine Boxes

*p < 05;* p<.01;**p<.001

ing conditions. In the Inhibit condition, participants had
to name the color of the figures with happy faces and
suppress the prepotent color naming response when the
figure had a sad/frustrated face. The dependent vari-
able was the number of correct responses divided by the
total number trials (i.e. N = 18).

In Delayed Alternation, the child had to find a treat un-
derneath one of two identical cups, where after a correct
retrieval, the reward alternated to the opposite side in
the next trial. There was a 10-s delay between trials, dur-
ing which the treat was hidden out of the child’s sight
and the examiner actively distracted the child. A maxi-
mum of 16 trials was administrated or if the child made
eight consecutive correct responses. The dependent
variable was the number of correct retrievals divided by
the number of total trials.

In Nine Boxes, children were instructed to find all
“Barbapapa” characters hidden in nine different colored
boxes (with different shapes on the lid). The child was
allowed to open one box per trial, and the boxes were
shuffled behind a screen between trials during the 10-s
delay. A maximum of 20 trials were administered, until
the child found all characters or made five consecutive
errors. The dependent variable was the number of cor-
rect retrievals divided by modified the total trials.

For the Go-No-Go and Snack Delay tasks, test-retest
was good, exceeding .80; the Shape School - Inhibit con-
dition task was adequate (.71) and Delayed Alternation
and Nine Boxes were less than desired (< .70) for use
with individual children (Espy, Bull, Kaiser, Martin, &
Banet, 2008; Espy, Wiebe, & Sheffield, 2009). Note that
most reliabilities were calculated on somewhat different
dependent variables than used here.

Results

For all analyses, missing data (3.5%) in the EF mea-
sures were imputed, considering age, gender, IQ,
groups assignment and performance on other EF tasks
as auxiliary variables.

Factor analysis

Before conducting factor analyses, the correlations
between the EF tasks were calculated (Table 2). Confir-
matory factor analyses were performed using the AMOS
program, where both a one- and two-factor model were
tested. In the one-factor model, all tasks loaded on one
common factor. In the two-factor model, the Nine Boxes
and Delayed Alternation tasks loaded on the work-

ing memory factor, and the Shape School, Go-No-Go
and Snack Delay loaded on the inhibition factor (see
Figure 1). The overall model fit was based on the chi-
square test, the root-mean-square error of approxima-
tion (RMSEA), comparative fit index (CFI) and Tucker
and Lewis Index (TLI). Both models showed adequate
fit to the data, one-factor model: x*(5) = 6.04, p = .302;
RMSEA = 0.03, TLI = 0.98, CFI = 0.99; two-factor model:
x%(4) = 047, p = .976; RMSEA = 0.00, TLI = 1.09, CFI =
1.00. The models were compared with the chi-square
difference test. The two-factor model fitted significantly
better than the one-factor model (Ax? = 5.57, Adf =1,
p = .018). Subsequently, the two-factor scores were com-
puted using a two-factor exploratory factor analysis in
spss (SPSS version 18.0, Chicago, IL, USA), the output
was used as dependent variables.

Group differences

Our aim was to get a detailed picture of the EF perfor-
mance in preschoolers with ADHD and/or DBD. There-
fore, a 2 (ADHD vs. no ADHD) x 2 (DBD vs. no DBD)
factorial design (utilizing two dummy variables to repre-
sent the factors) was used to compare the EF performance
of children with ADHD only (ADHD =1, DBD = 0), with
DBD only (ADHD = 0, DBD = 1), comorbid with both
disorders (ADHD = 1, DBD = 1) and those with neither
(TD controls, ADHD = 0, DBD = 0). This 2 x 2 multivar-
iate analysis, instead of an analysis with four indepen-
dent groups, is the recommended analytic design to test
whether the performance of the group with two disor-
ders could be described as an additive combination of the
deficits found in the singly disordered groups or was due
to an interaction of ADHD and DBD (for a similar proce-
dure, see Willcutt et al., 2001). We studied different levels
of dependent variables with this model: first at an overall
level, second at a two EF factor level and third at the indi-
vidual task level, proceeding to the next level only when
the preceding was significant.

The 2 x 2 groups differed in age (main effect DBD,
p = .023), and therefore age was included as a covari-
ate in all analyses. There is a debate regarding whether
or not IQ should be included as a covariate in the anal-
yses. On the one hand, including IQ as a covariate en-
sures that deficits in clinical groups cannot be explained
by known group differences in intelligence. On the
other hand, both ADHD and DBD typically are asso-
ciated with mild IQ differences in comparison to indi-
viduals without these disorders. Controlling for IQ then
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Table 3. Unadjusted means (and SD) of the executive function factors and tasks in the four groups

TD ADHD only DBD only ADHD+DBD  Main effect ~ Main effect Interaction
(N = 56) (N =61) (N =33) (N =52) ADHD? DBD? ADHD x DBD?
M  SD M  SD M  SD M  SD F(1,197) F(1,197) F(1,197)
Inhibition factor 072 084 -031 092 -014 092 -035 093 29.11%** 7.54** 8.18**
Go-No-Go 088 0.15 0.71 0.28 0.72 0.24 070 031 8.10%* 3.94* 3.51
Modified Snack Delay 034  0.24 013 017 017 021 011 017 28.42%** 7.12% 5.74*
Shape School - Inhibit ~ 0.90  0.19 071 028 071 027 0.69 027 13.62%** 4.08* 3.20
Working memory factor 024 097 -0.03 1.01 -0.10 1.04 -0.17  0.99 2.82 0.52 0.03
Delayed Alternation 069 017 059 021 0.65  0.19 0.61 022 9.10%* 0.19 0.49
Nine Boxes 0.67 0.16 063 016 059 016 059 014 1.35 4.40* 0.21

All variables of the EF tasks are proportionally correct and factors are Z-scores. ADHD, attention deficit hyperactivity disorder; DBD, disruptive

behavior disorder; TD, typically developing.
a. The results of analyses with age as covariate.
*p< 05;* p<.01;p< 001

may remove inappropriately the overlapping portion
of the variance that is associated with the disorder. Be-
cause of these contrasting views, all results are reported
both with and without controlling for IQ (see, e.g. also
Willcutt et al., 2001). In the present study, IQ accounted
for 14% of the variance in the inhibition factor and 4% of
the variance in the working memory factor.

First level: overall EF. First, to test whether either
ADHD or DBD was associated with deficits at the over-
all EF level, repeated measure multivariate analyses of
covariance (MANCOV As) were conducted with the two
dummy-coded diagnostic indicators as the between sub-
jects variables and the inhibition and working memory
factor as the within-subject variable. Results of the re-
peated measure MANCOV As show that there was a sig-
nificant main effect (controlling for age, but not I1Q) of
ADHD (F = 33.56, p = .000), DBD (F = 8.04, p = .005) and
the respective interaction (F = 6.02, p = .015), indicating
that children with ADHD, DBD and ADHD + DBD di-
agnoses performed more poorly at the overall EF level
(collapsed across the two EF factors). Adding IQ to
the model as a covariate resulted in the same pattern
of results, ADHD (F = 23.04, p = .000), DBD (F = 4.59,
p =.033) ADHD x DBD (F = 3.79, p = .053). Therefore,
further testing of the impact of diagnostic category on
each EF factor was warranted.

0.70

Working memory

0.50 0.48 0.71 0.66 0.46

s ) \ v )
Go- Modified Shape Delayed Nine
No-Go snack school alterna- boxes
delay inhibit tion

Figure 1. Two-factor model with standardized regression
weights (and correlation between factors)

Second level: EF factors. Second, to test whether ei-
ther ADHD or DBD was associated with deficits on the
EF measures independent of the other disorder, separate
2 x 2 (ADHD x DBD) MANCOVA were conducted for
the EF factors, followed by planned contrasts. Table 3
presents the unadjusted means of the four groups on
the individual EF tasks and two-factor scores, together
with the results of the 2 x 2 MANCOVAs controlling for
age only. The analyses revealed a significant main effect
of ADHD, a main effect for DBD and an interaction ef-
fect between ADHD and DBD for the inhibition factor,
but not for the working memory factor. We added 1Q
to the model as an additional covariate besides age (see
Figure 2). For the inhibition construct the main effect of
ADHD (F = 20.50, p = .001), of DBD (F = 4.65, p = .032)
and of ADHD x DBD (F = 5.90, p = .016) remained sig-
nificant. For the working memory construct, the ADHD,
DBD and ADHD x DBD effects remained nonsignificant
with IQ controlled.

Following planned contrasts were conducted, for
the significant effects, in which the performance of each
clinical group was directly compared with the perfor-
mance of the TD group. Each clinical group differed sig-
nificantly from the TD group (p < .05) on the inhibition
factor with and without controlling for IQ.

Third level: EF tasks. The results at the level of the
inhibition factor was significant, so follow-up MAN-
COVA analyses were conducted for the three inhibi-
tion tasks, to determine which tasks contributed to the
observed group differences on the construct. There was
an ADHD main effect and a DBD main effect evident on
each of the three inhibition tasks. For the ADHD x DBD
effect, the inhibition differences were carried mostly by
a significant interaction effect on Modified Snack Delay
(Table 3). Adding 1Q to the model altered the pattern
of results somewhat for the DBD main effect, now the
inhibition differences were carried mostly by a signifi-
cant effect on the Modified Snack Delay task (F = 5.34,
p = .022) and not by the Go-No-Go and Shape School
task anymore. The ADHD main effect remained signif-
icant for all three inhibition tasks and the ADHD x DBD
effect remained significant for the Modified Snack Delay
task only (F =4.57, p = .034).
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0.6 1
a 1o
0.5

0O ADHD
0.4

Il DBD
0.34

[ ADHD +DBD

0.24

0.14

—0.3 1

-0.4

Inhibition Working memory

Figure 2. Marginal means of the executive function factors ad-
justed for age and I1Q

For the inhibition tasks planned contrasts were spec-
ified in which the performance of each clinical group
was directly compared with the performance of the TD
group. Each clinical group differed significantly from
the TD group (p < .05) on the inhibition tasks. Adding
IQ to the model the results remained the same, with one
exception, the contrast between DBD and TD on Shape
School - Inhibit Condition was marginally significant
(p = .058).

Controlling comorbid symptoms. Finally, we used
this model and added dimensional measures of behav-
ior problems as a covariate. Thus, to test whether there
were still significant main effects of ADHD and/or
DBD when controlling for comorbid symptoms, addi-
tional 2 x 2 MANCOVAs were conducted with the di-
mensional measures of the other disorder as a covariate
(Aggressive Behavior and Attention Problems scores on
CBCL/TRF), along with age and 1Q.

First, the specificity of the association between ADHD
and inhibition impairments was examined by adding
CBCL aggression scores as a covariate. After control-
ling for age, IQ and CBCL aggression scores, the ADHD
main effect remained significant for the inhibition fac-
tor, F(1, 197) = 19.53, p < .001. This warranted us to con-
duct the analyses for each individual task, the effects re-
mained significant as well: Go-No-Go, F(1, 197) = 4.44,
p = .036; Modified Snack Delay, F(1, 197) = 19.95, p < .001;
and Shape School - Inhibit, F(1, 197) = 9.21, p = .003. Sec-
ond, to test the specificity of the association between DBD
and inhibition impairments was tested by adding CBCL
attention scores as a covariate. When age, I1Q and CBCL
attention scores were included as covariates, the previ-
ously significant main effect was no longer significant for
the inhibition factor. Similar pattern of results were found
when TRF (instead of CBCL) aggression and attention
problems scores were used as a covariate.

Discussion

The aim of the current study was to investigate EF in
preschool children with ADHD and DBD taking into ac-
count comorbidity. A clinically referred sample of pre-
schoolers with ADHD, DBD and both disorders was in-
cluded as well as a TD group. When the structure of EF
was examined in the present sample of clinically diag-
nosed preschoolers, a two-factor model (inhibition and
working memory) fit the data better than a one-factor
model. This pattern of findings is in contrast to those of
Wiebe et al. (2008, 2011) who found a one-factor model
in a large sample of TD children without frank psycho-
pathology. The two-factor structure probably fit better
in the clinically diagnosed children reflecting the under-
lying pattern of clinical impairments.

Regarding inhibition, results of the present study
showed, first, that preschool children with ADHD
(independent of DBD) consistently showed substan-
tial and specific inhibition deficits (i.e. on the inhibi-
tion factor and on all three inhibition tasks), also after
controlling IQ and dimensionally for DBD symptoms.
These results are in line with studies in community
samples (e.g. Berlin & Bohlin, 2002; Youngwirth et al.,
2007) and the only study in a clinical sample (Mariani
& Barkley, 1997). The latter study, however, did not
account for DBD symptoms. The present study is the
first one to show specific inhibition deficits in a clini-
cal sample of preschoolers with ADHD irrespective of
DBD comorbidity, either examined from a categorical
or a dimensional point of view.

Second, results of the present study showed an im-
pairment on the inhibition factor in preschool chil-
dren related to DBD diagnosis that was robust after
controlling for 1Q, and this DBD-related impairment
was most evident on the Modified Snack Delay task.
In comparison to TD children, DBD-only children per-
formed more poorly on all inhibition tasks, in line with
results from studies of older children (see meta-analy-
ses: Morgan & Lilienfeld, 2000; Oosterlaan et al., 1998).
The Modified Snack Delay task, that is, the inhibition
task in which salient motivational factors (i.e. food re-
ward) are included in addition to the motor inhibitory
demands was particularly sensitive to differences to
DBD in this preschool age range. This finding may be
consistent with results from studies in older children
and adolescents using tasks in which reward and pun-
ishment are included (Fairchild et al., 2009; Matthys
et al., 2004; Schutter et al., 2011), although the nature of
these tasks differ substantially and the comparability
of these tasks across age ranges is unknown. Because
the DBD-related differences on the inhibition factor
disappeared after controlling for ADHD symptoms (at-
tention problems), it seemed that performance on in-
hibition tasks was associated with ADHD symptoms
and not with the DBD diagnosis itself. Given the high
prevalence of subclinical levels of ADHD symptoms
that co-occur with frank DBD disorder, particularly in
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this age range, impaired inhibition can be considered a
characteristic of children with DBD, although the “true’
source of inhibition deficits might not the DBD per se.

Third, the comorbid (ADHD + DBD) group dis-
played inhibition deficits, also after controlling for 1Q.
The pattern of the inhibition impairment was similar
to the pattern of the DBD group, that is, differences re-
mained only on the Modified Snack Delay task when
IQ was controlled. Impaired inhibition in the comorbid
group, however, was more severe than in DBD group.
In conclusion, in terms of severity of impairment the co-
morbid group was similar to the ADHD group, whereas
in terms of pattern of the inhibition impairment the co-
morbid group was similar to the DBD group.

Regarding working memory, no differences among
the groups were found on the working memory fac-
tor, which is consistent with the findings of other stud-
ies (e.g. Sonuga-Barke et al., 2002). Because these tasks,
or similar variants, have been shown to be sensitive to
process differences in preschoolers with other disorders,
such as prematurity (Espy et al., 2004), it does not ap-
pear to be a task measurement issue per se, although
reliability of these tasks was lower than the inhibition
tasks, which limits the true variance that can be attrib-
uted to variables of interest. The reasons for not finding
a working memory deficit might be twofold, with dif-
ferent reasons for the DBD and ADHD group. Moffitt
(1993) reviewed neuropsychological studies of children
with CD and found that these children showed substan-
tive verbal impairments; these impairments were more
severe than performance impairments. So it might be
that children with DBD especially show verbal working
memory problems. Unfortunately, in the present study,
the tasks were designed to enable performance of very
young children, so the demands were not modality spe-
cific, but certainly were designed to assess spatial work-
ing memory to a greater degree. Second, a meta-analy-
sis (Willcutt et al., 2005) showed that school age children
and adolescents with ADHD displayed working mem-
ory impairments. So it could be that working memory
impairments become more apparent at later ages for
children with ADHD.

Some limitations should be considered when inter-
preting the results. Concerning the assessment of EF,
the difficulty of some tasks and the age of the sample
restricted the broad assessment which we aimed. As a
result, set shifting was unable to be assessed. The de-
velopment of tasks appropriate to assess EF in pre-
school children, especially in the younger ones, remains
a challenge. Another limitation is a relatively small
sample that prevented us to examine specific develop-
mental differences, which could have provided a more
thorough characterization of impairments across the
preschool period.

Despite these limitations, this study is the first on EF
in clinically diagnosed preschool children with ADHD,
DBD and both disorders comorbidly. Results show in-
hibition impairments in all three groups already at this

young age, which is most pronounced in the ADHD
group. Future research should assess EF in children
with ADHD and/or DBD longitudinally to gain insight
in the development of EF over time in these disorders
and the role of EF impairments as factors involved in
the persistence of ADHD and/or DBD. Likewise, the
effect of EF impairment on various domains of func-
tioning, such as academic outcome and peer relations,
needs to be examined. Thus, a better understanding of
the role of EF in the psychopathology of ADHD and
DBD ultimately may improve intervention strategies
for these disorders.

Key points

¢ Clinically diagnosed preschool children with
ADHD show inhibition deficits.

* Clinically diagnosed preschool children with
DBD show impaired inhibition especially when
motivational factors are involved.

* Preschool children with ADHD and/or DBD
display no working memory deficits.
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