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a b s t r a c t

Cognitive-behavioral therapy (CBT) is considered first-line treatment for childhood obsessive-compulsive
disorder (OCD). Despite CBT's efficacy, too many children and adolescents do not fully respond to
treatment, making the identification of predictors of treatment response highly relevant. Executive
functions (EF) have been suggested to constitute such predictors, but studies with pediatric samples are
scarce. In the present study, we investigated latent level EF test performance and ratings of daily life EF
behavior as predictors of CBT response in pediatric OCD. We further examined the stability of EF from
pre-to post-treatment and the association of EF changes with OCD severity change. EF test performance
significantly predicted exposure-based CBT outcome. Patients with better EF test performance had
significantly elevated risk of non-response relative to patients with poorer performance. Daily life EF
behavior in OCD probands improved after treatment relative to controls. The findings suggest that EF
performance impacts CBT outcome, and that exposure-based CBT is well-suited for children and ado-
lescents with OCD and poorer EF test performance. This study supports the relevance of EF in CBT for
childhood OCD and denotes a possible need for development of enhanced treatments for children and
adolescents with OCD and superior EF performance.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Obsessive-compulsive disorder (OCD) often starts in childhood
and can cause significant impairment in daily life (Canals,
Hernandez-Martinez, Cosi, & Voltas, 2012; Piacentini, Bergman,
Keller, & McCracken, 2003). Cognitive-behavioral therapy (CBT) is
considered first-line treatment in pediatric OCD (Geller & March
2012; Ivarsson et al., 2015); however, programs may vary in con-
tent. The most widely investigated and recommended CBT pro-
grams for pediatric OCD emphasize exposure and response
prevention as a core treatment component (Franklin et al., 2013;
Geller & March 2012) and commonly also include components
such as psychoeducation, creation of a symptom hierarchy, cogni-
tive restructuring, and contingency management (Kircanski, Peris,
Hybel), elme@sund.ku.dk
ambek), davimart@rm.dk
. Thomsen).
& Piacentini, 2011; Rosa-Alc�azar et al., 2015). Despite the well
documented efficacy of CBT, 30e50% of children and adolescents
with OCD only respond partially or not at all to standard CBT
(Franklin et al., 2015; Torp et al., 2015). Consequently, identifying
those in need of adapted, enhanced, or augmented treatment
strategies is of great importance, and requires identification of
predictors of treatment response.

A range of factors have been suggested to predict treatment
response in pediatric OCD, including executive functions (EF;
Ginsburg, Kingery, Drake, & Grados, 2008). Executive functions are
a set of general-purpose control processes that regulate thought
and behavior reflecting both an underlying general ability (com-
mon EF) as well as specific functions (e.g., working memory, inhi-
bition, and set shifting; Miyake et al., 2000). Executive functions
can be assessed through the use of neuropsychological tasks (i.e.,
performance-based measures) or behavior ratings (i.e., rating-
based measures). The two types of measures have been suggested
to reflect different underlying constructs; that is, EF task perfor-
mance is thought to reflect “processing efficiency” in a structured
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situation, whereas EF behavior ratings reflect “success in goal
pursuit” in a daily life context (Toplak, West, & Stanovich, 2013).

Neurobiological OCDmodels suggest that dysfunction in fronto-
striatal brain circuits associated with EF underlies OCD phenome-
nology (Brem et al., 2012; Menzies et al., 2008) making the case for
EF as a potential endophenotype in OCD (Chamberlain, Blackwell,
Fineberg, Robbins, & Sahakian, 2005; Olley, Malhi, & Sachdev,
2007; Taylor, 2012; Zhang et al., 2015). But whereas EF task
underperformance has been documented in adult OCD samples
(Abramovitch, Abramowitz, & Mittelman, 2013; Shin, Lee, Kim, &
Kwon, 2014; Snyder, Kaiser, Warren, & Heller, 2014), the OCD EF
endophenotype hypothesis has generally not been supported in
children and adolescents (Abramovitch et al., 2015; Geller et al.,
2017; Hybel, Mortensen, Lambek, Thastum, & Thomsen, 2016). By
comparison, studies suggest that pediatric OCD patients might be
significantly impaired in daily life EF-related behavior compared to
typically developing children and adolescents (Hybel, Mortensen,
Højgaard, Lambek, & Thomsen, 2017; McNamara et al., 2014;
Zandt, Prior, & Kyrios, 2009).

Though deficits in EF task performance do not seem to consti-
tute core markers in the development of OCD in childhood, EFs
might play a significant role as a predictor of response to CBT.
Cognitive-behavioral therapy requires the child to carry out
homework exercises, restructure thoughts, monitor reactions and
emotions, and log progress (Kircanski et al., 2011; Piacentini,
Langley, & Roblek, 2007). All of these activities rely on the
recruitment of EFs such as the ability to plan, hold and manipulate
materials in working memory, and inhibit automatized responses.
Well-functioning EFs could therefore be a prerequisite for effective
treatment (Mohlman& Gorman, 2005). Indeed, such an association
has been suggested with respect to the impact of EFs on cognitive
restructuring processes in CBT (Johnco, Wuthrich, & Rapee, 2014).
However, as CBT for childhood OCD is largely based on exposure
and response prevention, with relatively minor emphasis on
cognitive restructuring compared to CBT for adults and CBT for
other psychiatric conditions (such as generalized anxiety or
depression), and as CBT is a highly structured treatment approach
which has been said to promote or hone EF skills (Goodkind et al.,
2016), a relationshipwhere CBT is most effective in individuals with
less optimally functioning EF might also be proposed. The role of EF
in OCD treatment response has been examined in adults and, to a
lesser extent, in children and adolescents, but with mixed findings.
Seven studies have examined neuropsychological functions as
predictors of CBT outcome in adult OCD, using performance-based
measures. Three of these reported an association between EF and
treatment outcome (D'Alcante et al., 2012; Moritz, 1999; Sieg,
Leplow, & Hand, 1999), whereas the remaining studies reported
no such association (Braga et al., 2016; Moritz et al., 2005;
Vandborg, Hartmann, Bennedsen, Pedersen, & Thomsen, 2016;
Voderholzer et al., 2013). In one of the studies, rating-based mea-
sures of neurocognitive functions (but not EF) were also applied
(Moritz et al., 2005), but no association between self-reported
neurocognitive function and treatment response was found.

To date, only two studies have investigated EFs as predictors of
treatment response in pediatric OCD. Flessner et al. (2010) explored
the impact of different aspects of neuropsychological functioning
on treatment outcome after CBT, pharmacotherapy, or a combina-
tion of the two in a sample of children and adolescents with OCD.
They found that impaired visuo-perceptual memory and organi-
zation strategy, as measured by the Rey-Osterrieth Complex
Figure Test (RCFT; Lezak, Howieson, Bigler, & Tranel, 2012), pre-
dicted poorer treatment outcome, and most significantly so in the
CBT condition. As the study was exploratory and the validity of the
RCFT as an EF measure has been questioned (Weber, Riccio, &
Cohen, 2013), replication of the findings is warranted. McNamara
et al. (2014) investigated the association between rating-based
EFs and response to CBT plus medication or placebo. Executive
function was measured with the Behavior Rating Inventory of Ex-
ecutive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000).
They reported that only one EF aspect, emotional control, predicted
outcome; that is, patients with poorer emotional control generally
had poorer outcome across treatment conditions.

Whether based on adult or pediatric samples, nearly all of the
above-mentioned studies included patients treated with psycho-
tropic medication, making it difficult to single out the unique
contribution of CBT. Also, the majority of studies did not exclude
neuropsychiatric comorbidity (e.g., ADHD) associated with EF im-
pairments (Snyder, Miyake, & Hankin, 2015), and such factors
might confound OCD treatment effects (Olatunji, Davis, Powers, &
Smits, 2013).

A further question is whether EF performance is state depen-
dent and influenced by OCD symptoms or should be considered
trait-like. Several studies investigating the stability of neuropsy-
chological functions from pre- to post-treatment in adult OCD have
been conducted, albeit with mixed results (Vandborg, Hartmann,
Bennedsen, Pedersen, & Thomsen, 2015; Vandborg et al., 2012;
Voderholzer et al., 2013). In adult OCD, no studies have investi-
gated rating-based EF stability. The stability of EFs in children and
adolescents with OCD has been investigated in three samples. In
the study by McNamara et al. (2014), rating-based EF aspects were
evaluated and it was reported that high scores on the BRIEF sub-
domains (shift, inhibit, planning/organizing, monitoring and initi-
ating; indicating poorer EF behavior), were associated with higher
degree of symptom severity during treatment. However, this study
did not evaluate the EF changes in OCD compared to EF changes in
typically developing children and adolescents by inclusion of a
control group. Such a design was applied by Andres et al. (2008)
who investigated neuropsychological test performance before and
after six months of naturalistic treatment in children and adoles-
cents with OCD and compared them with a typically developing
control group. Neuropsychological performance, including perfor-
mance on inhibition and set shifting tasks, generally improved and
normalized relative to the control group after treatment, suggesting
EFs in children and adolescents to be state-dependent. Likewise, in
a functional magnetic resonance (fMRI) study, Huyser, Veltman,
Wolters, de Haan, and Boer (2010) found performance on a plan-
ning task to improve after CBT. In a concurrent fMRI study with the
same sample, however, the authors found no change relative to
controls after CBT on a task measuring response inhibition (Huyser,
Veltman, Wolters, de Haan, & Boer, 2011). In sum, though some-
what inconsistent, previous findings suggest that EFs in pediatric
OCD are state-dependent. However, due to the limited sample sizes
of the studies, and the restricted number of EF tasks applied,
findings are in need of replication.

The primary aim of the present study was to investigate EF as a
predictor of response to CBT in children and adolescents with OCD.
A performance-based common EF latent variable measure and a
rating-based general EF measure were applied. Based on the
limited child and adolescent literature, we hypothesized that
poorer EF performance, albeit not daily life EF behavior, would
predict poorer treatment outcome. Secondary aims were to
examine the stability of EFs from pre- to post-CBT treatment and to
investigate whether possible changes in EFs were associated with
OCD severity change. We hypothesized that both types of EFs
would improve after treatment, and that changes in EFs would be
associated with changes in OCD severity.

2. Methods

The present study was an add-on to the Nordic Long-term OCD
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Treatment Study (NordLOTS; Thomsen et al., 2013). A detailed
description of the methods can be found in Hybel et al. (2016) and
Torp et al. (2015). A brief summary is provided below.

2.1. Participants

The study included 100 participants: 50 OCD clinic-referred
patients aged 7e17 years, and 50 typically developing children
and adolescents recruited from local schools. Control participants
were pairwise gender and age ( ±50 days) matched with OCD pa-
tients. The inclusion criteria for the OCD group were an OCD
diagnosis according to DSM-IV (American Psychiatric Association
Task Force on DSM-IV, 2009) and a Children's Yale-Brown Obses-
sive-Compulsive Scale (CY-BOCS Scahill et al., 1997) total score� 16
(sample CY-BOCS total: M ¼ 25.34, SD ¼ 5.26, range ¼ 16e36). Co-
occurring conditions with a lower treatment priority were
included. Patients were excluded if they: (i) fulfilled the criteria for
a neurodevelopmental disorder and/or a depressive disorder (i.e.,
disorders that have been associated with impaired EFs; for reviews
see, e.g.: Antshel, Hier, & Barkley, 2014; Castaneda, Tuulio-
Henriksson, Marttunen, Suvisaari, & Lonnqvist, 2008; Geurts, de
Vries, & van den Berg, 2014; Remijnse et al., 2013; Schwam, King, &
Greenberg, 2015; Snyder, 2013), (ii) had an IQ < 85 (one standard
deviation below the normative mean was chosen to ensure that EF
effects were not attributable to general cognitive performance
deficits), (iii) were in treatment with psychotropic medication (in
order to ensure that CBT effects were not attributable to effects of
medication), and/or (iv) had received CBT within less than six
months prior to inclusion (in order to ensure that CBT effects were
not attributable to spill-over effects from previous treatment).
Exclusion criteria for the control group were: psychiatric diagnosis,
family history of OCD, referral to community mental health services
within one year of participation in the study, IQ < 85, and/or
inadequate Danish language proficiency. Demographic and clinical
descriptives are presented in Online Appendix A, Table 1.

2.2. Procedures

The study was approved by the Danish regional ethics com-
mittee and informed consent was obtained from all participants.
Children and adolescents with OCD were diagnosed according to
Table 1
Demographic and clinical descriptive statistics and mean change difference effect sizes o

Performance-based EF

High performers
(Baseline n ¼ 28)
(Post-CBT n ¼ 26)
n (%) or M (SD) [range]

L
(
(
n

Gender (girls) 21 (75) 1
Age (years) 14.63 (1.51) [11e17]* 1
Parental education (years) 13.81 (2.53) [8e17.5] 1
IQ estimate (RIST) 101.18 (5.35) [91e110] 9
Baseline EF task performance (LEFV factor scores) [ 0.20 (0.16) [�0.04e0.50]* �
Post-CBT EF task performance (LEFV factor scores) [ �0.29 (0.23) [�0.47e0.49]* 0
Baseline EF behavior ratings (BRIEF GEC raw scores) Y 120.82 (24.20) [85e170] 1
Post-CBT EF behavior ratings (BRIEF GEC raw scores) Y 117.55 (22.10) [83e159] 1
Baseline CY-BOCS Total 25.93 (5.68) [16e36] 2
Post-CBT CY-BOCS Total 15.15 (7.26) [0e31]* 8
Effect sizes** for mean baseline to post-CBT

CY-BOCS change differences between groups
0.93

RIST ¼ The Reynolds Intellectual Screening Test; LEFV ¼ Latent executive function var
Executive Composite; CY-BOCS ¼ The Children's Yale-Brown Obsessive-Compulsive Sc
functioning ([) or that lower scores indicate better functioning (Y).
*Wilcoxon Rank-Sum Test difference between high and low EF performing groups with
**Effect sizes (Cohen's dppc2) were calculated by subtracting the individual CY-BOCS chan
deviation used for weighting the differences of the pre-post-means (Morris, 2008).
the Schedule for Affective Disorders and Schizophrenia for School-
Age Children e Present and Lifetime version for DSM-IV (Kaufman
et al., 1997) and assessed with the CY-BOCS before and after a
manualized 14-week individually delivered exposure-based CBT
program (Torp et al., 2015). Controls were screened according to
exclusion criteria via telephone interviews. Parents of the partici-
pants completed a brief background questionnaire. Neuropsycho-
logical assessments were conducted in the morning in a 2½-3-h
session with a fixed test sequence. Examiners were balanced be-
tween groups and repeated assessments were performed by the
same examiner (time between assessments in days: M ¼ 113,
SD ¼ 13.89). Days between assessments were matched within
previously matched OCD control pairs corresponding to the time-
span from baseline assessment to treatment termination for indi-
vidual OCD patients. Mean time between repeated assessments for
the OCD group was 114 days (range 91e150) and for the control
group 113 days (range 54e154). Daily life neuropsychological
functioning of participants in the two weeks leading up to the
assessment was rated by parents and administered as an on-line
questionnaire. The enrollment, in-/exclusion criteria, and drop-
out study flow are presented in Online Appendix B, Fig. 1.

2.3. Measures

2.3.1. Interviews and questionnaires
The Children's Yale-Brown Obsessive-Compulsive Scale is a

clinician-rated interview used to assess current and past OCD
symptoms as well as present OCD severity in children and ado-
lescents aged 6e17 years. The total severity scale which was used in
the present study ranges between zero and 40 with higher scores
indicating higher symptom levels. The background questionnaire
assessed length of parental education in years calculated as an
average for both parents. The Behavior Rating Inventory of Executive
Function (Gioia et al., 2000) is used to assess daily life EF behavior.
The questionnaire is rated by parents, and is validated for children
and adolescents aged 5e18 years. An overall score, the Global Ex-
ecutive Composite, where lower scores indicated better func-
tioning, was used in the present study.

2.3.2. Executive function and IQ tasks
The battery included six basic EF tasks with two tasks for each of
f groups defined by level of executive functioning above or below the sample mean.

Rating-based EF

ow performers
Baseline n ¼ 22)
Post-CBT n ¼ 20)
(%) or M (SD) [range]

High performers
(Baseline n ¼ 26)
(Post-CBT n ¼ 24)
n (%) or M (SD) [range]

Low performers
(Baseline n ¼ 24)
(Post-CBT n ¼ 22)
n (%) or M (SD) [range]

4 (64) 21 (81) 14 (58)
2.25 (2.57) [7e17]* 13.73 (2.40) [7e17] 13.43 (2.33) [7e17]
2.60 (2.40) [8e17.5] 13.59 (2.51) [8e17.5] 12.95 (2.55) [8e17.5]
9.41 (7.48) [88e116] 101.50 (6.40) [88e114] 99.21 (6.24) [88e116]
0.32 (0.25) [�0.85e0.02]* 0.01 (0.34) [�0.83e0.50] �0.07 (0.32) [�0.85e0.35]
.18 (0.23) [�0.82e0.20]* 0.04 (0.34) [�0.82e0.49] �0.09 (0.30) [�0.60e0.40]
29.23 (28.89) [76e175] 103.15 (14.36) [76e124]* 147.67 (13.71) [125e175]*

08.15 (22.91) [73e147] 97.95(16.91) [73e146]* 128.19 (17.07) [95e159]*

4.59 (4.71) [17e35] 24.42 (5.38) [17e34] 26.33 (5.05) [16e36]
.95 (7.43) [0e33]* 11.38 (6.43) [0e25] 13.64 (9.24) [0e33]

0.07

iable; BRIEF GEC ¼ The Behavior Rating Inventory of Executive Function e Global
ale. Upwards and downwards arrows designate that higher scores indicate better

p < 0.001 (no p-values were in the 0.05e0.001 range).
ge effect sizes for the high and the low EF groups with the pooled pretest standard



Fig. 1. Multilevel mixed-effects linear regression estimated mean CY-BOCS change from baseline to post-treatment in performance-based EF high and low performers (Figure A)
and rating-based EF high and low performers (Figure B) with adjustment for age, gender, and parental education.
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the subdomains: working memory, set shifting, and response in-
hibition. Four tasks were from the Cambridge Automated Neuro-
psychological Battery (CANTABeclipse, 2006) as indicated by an
asterisk (*) below (for a more detailed presentation of tasks see
Hybel et al., 2016):

i) Spatial Working Memory*, outcome measure: number of
errors.

ii) Spatial Span*, outcome measure: span length.
iii) Intra/Extra Dimensional Set Shift*, outcome measure: total

errors adjusted for number of completed stages.
iv) Trail Making Test e part B (Reitan, 1971), outcome measure:

time to complete.
v) Stop Signal Task* (Logan& Cowan,1984; Verbruggen& Logan,

2008), outcome measure: stop signal reaction time.
vi) Flanker Task (Eriksen & Eriksen, 1974; Huyser et al., 2011),

outcome measure: accuracy on incongruent trials.

A latent variable reflecting common EF (LEFV) based on the
above-mentioned tasks was used. Latent EF variable scores were
derived from a previous confirmatory factor analysis (CFA) study
(see Hybel et al., 2016). Scores in the present sample ranged
between �1.31 and 1.11 with higher scores indicating better func-
tioning. The CFA model is presented in Online Appendix C, Fig. 1.
Reynolds Intellectual Screening Test was applied to measure general
cognitive ability (Reynolds, Kamphaus, & Raines, 2012).

2.4. Data analysis

Statistical analyses were conducted with Stata version 14
(StataCorp, 2015). Four patients dropped out of treatment and were
not assessed at follow-up. Additionally, four parents did not com-
plete the BRIEF at re-assessment. Data were inspected and tested
for normality. Consequently, BRIEF data were transformed through
ranking and subsequently z-transformation.

Multilevel mixed-effects linear regression analyses (MME) were
used to evaluate baseline EFs as predictors of CY-BOCS change from
baseline to post-treatment. Fixed effects were time (baseline; post-
treatment), LEFV, BRIEF, age, gender, parental education, and the
interaction of time with EFs (time x LEFV; time x BRIEF). Secondary
analyses further included IQ in the model. Drop-outs and com-
pleters were compared with respect to baseline age, gender,
parental education, IQ, LEFV, and BRIEF using the Wilcoxon Rank-
Sum Test. No statistically significant differences emerged. Further-
more, the results were not altered when re-running the analyses
without the drop-outs, and therefore analyses were conducted
with all available data, since MME is able to handle randomly
missing data appropriately.

In order to supplement the MME results with a clearer illus-
tration of magnitude of effects, logistic regression analyses with
age, gender, and parental education included as covariates were
used to evaluate low versus high EF performers’ risk of being non-
responders to CBT. In the interest of complying with intention-to-
treat principles, drop-outs from CBT were considered non-
responders in these analyses.

CBT response was defined according to the double criterion
introduced by Jacobson and Truax (1991) including: (i) the Clini-
cally Significant Change Index designating a return to normal level
of functioning (�2 SD from the dysfunctional populationmean [CY-
BOCS < 14.43]), and (ii) the Statistically Reliable Change Index
designating whether the change is statistically significant at the
95% level (CY-BOCS change divided by the standard error of the
difference for the instrument [� 6.48]). The calculations were based
on observed sample means in the total NordLOTS sample (n ¼ 269;
Torp et al., 2015) and a 0.79 test-retest reliability (Storch et al.,
2004). Twenty-nine patients were categorized as responders, and
21 as non-responders.

Two types of high and low EF performers were defined based on
their LEFV or BRIEF score: Performance-based EF high performers
(n ¼ 28), rating-based EF high performers (n ¼ 26), performance-
based EF low performers (n ¼ 22), rating-based EF low performers
(n¼ 24). High respectively low EF performers had scores indicating
an EF level above or below the sample mean (LEFV high perfor-
mance was indicated by a positive z-score, BRIEF high performance
was indicated by a negative z-score and vice versa for low
performance).

The stability of EFs (LEFV and BRIEF) across repeated assessment
in OCD patients and controls were analyzed using MME with all
available data. Fixed effects were time (baseline, post-treatment),
group (OCD, control), parental education, days between repeated
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assessments, and the interaction of timewith group (time x group).
In secondary analyses, IQ was also included. The models included
random intercept and linear-slope by matched pairs (OCD control).
For clarity of presentation, EF data were z-transformed.

Second-order partial correlation analysis with adjustment for
age, gender, and parental education was used to evaluate associa-
tions between baseline to post-treatment change for CY-BOCS and
LEFV, as well as CY-BOCS and BRIEF. To test if baseline OCD symp-
tom level significantly affected results, secondary analyses also
included adjustment for baseline CY-BOCS. Change scores were
generated by subtracting baseline CY-BOCS and BRIEF from post-
treatment ditto, and vice versa for LEFV (negative change scores
denoted improvement). Analyses were conducted with inclusion of
patients with complete data only (CY-BOCS/LEFV: n¼ 46; CY-BOCS/
BRIEF: n ¼ 42). All secondary MME, logistic regression and partial
correlation analyses including IQ or baseline CY-BOCS will be
described to the extent that the adjustments significantly influ-
enced the results.

3. Results

3.1. Executive functions as predictors of CBT outcome

Baseline EF test performance, but not daily life EF behavior,
significantly predicted CY-BOCS change during treatment (LEFV:
B ¼ 2.76, SE ¼ 0.96, p ¼ 0.004; BRIEF: B ¼ 0.820, SE ¼ 1.07,
p¼ 0.444). This was also reflected in the categorical analyses where
OCD patients were dichotomized into high and low EF performers
on the two types of EF measures. Basic demographic and clinical
descriptive statistics for the EF dichotomized groups are presented
in Table 1.

Performance-based EF high performers had significantly
elevated risk of non-response to CBT relative to low performers (OR
[CI]¼ 6.75 [1.31e34.91], p¼ 0.023, Pseudo R2 ¼ 0.12). Estimated CY-
BOCS change from baseline to post-treatment in the two types of
high and low EF performers is presented in Fig. 1A and B.

3.2. Executive function changes across CBT and associations with
OCD severity change

The estimated mean change in rating-based EF from baseline to
post-treatment was significant in the OCD group as well as in the
control group (OCD: M ¼ �0.44, 95% CI [�0.64e�0.25], p ¼ 0.000;
Control: M ¼ 0.29, 95% CI [0.14e0.43], p ¼ 0.000). Furthermore,
slopes were significantly different between the groups (M ¼ 0.73,
95% CI [0.54e0.92], p ¼ 0.000), with the OCD group improving and
the control group deteriorating slightly (control group test-retest
r ¼ 0.81). No significant differences emerged for performance-
based EF. Fig. 2 illustrates the change for the two types of EFs in
the two groups.

No significant correlations emerged between CY-BOCS baseline
to post-treatment change and change in the two EFs. Partial cor-
relations between and within pre-treatment, post-treatment, and
baseline to post-treatment CY-BOCS, performance-based EF and
rating-based EF are presented in Online Appendix D, Table 1.

4. Discussion

The aim of the present study was to investigate EF as a predictor
of CBT outcome in children and adolescents with OCD, to evaluate
the stability of EF from pre-to post-CBT, and to examine possible
associations between EF changes and OCD severity change.

Executive Function test performance significantly predicted CBT
response. Contrary to our initial hypothesis, results indicated that
children and adolescents with poorer EF test performance gained
more from CBT, in terms of OCD severity reduction, than did chil-
dren and adolescents with superior EF test performance. Risk of
non-response to therapy was almost seven times higher for chil-
dren and adolescents in the high performing group. Due to lack of
research with children and adolescents, our initial hypothesis was
based on results from one previous study where EF was measured
based on the RCFT (Flessner et al., 2010). As the validity of the RCFT
as an EF measure has been questioned (Weber et al., 2013), it is
possible that EF per se was not examined in the Flessner et al. study,
which could explain the discrepancy between our hypothesis and
findings. One interpretation of the results from the present study
might be that children and adolescents with poorer EF abilities
have additional treatment gains due to the highly-structured
approach CBT offers (e.g., clear in-session agenda-setting, well-
planned homework assignments, etc.). Previous studies of adults
with OCD have suggested that well-functioning EFs might facilitate
the effective application of CBT techniques (Falconer, Allen,
Felmingham, Williams, & Bryant, 2013; Johnco et al., 2014;
Mohlman & Gorman, 2005), but the results from the present
study do not support this conclusion for childhood OCD. On the
contrary, the present results could suggest that exposure-based CBT
(i.e., with less emphasis on cognitive restructuring techniques) of-
fers a highly scaffolded intervention for children and adolescents
with OCD and poorer EF abilities, thereby enhancing treatment for
this group specifically. These results partially corroborate findings
from a recent study which found that inferior EF task performance
(i.e., set shifting ability) predicted better outcome of CBT in elderly
depressed patients (Goodkind et al., 2016). Although the Goodkind
study addressed a different clinical group (and one at the other end
of the age-spectrum), together these results do suggest that level of
executive functioning could be modifying effects in CBT more
generally. With respect to the present findings and CBT for child-
hood OCD specifically, aspects such as clear agenda setting, role
modeling by the therapist, offering of concrete examples, in-session
exercises on how to endure and resist OCD symptoms, and devel-
opment of individually tailored, clearly written alternative behavior
programs for the family to bring home, etc. may enable children
and adolescents with inferior EF abilities (as well as their parents)
to compensate for these deficient abilities which previously hin-
dered them from tackling OCD symptoms effectively. However,
presently the mechanisms by which EFs and CBT interact can only
be speculative as the role of EF in CBToutcome, as well as the role of
EF in specific CBT mechanisms, is under-investigated (Treworgy,
Casale, Giancola, & Roth, 2014). More research is definitely
needed before firm conclusions can be made.

As expected, daily life EF behavior was not predictive of
outcome. This finding was in line with the McNamara et al. study
(2014) and underscored the dissociation between the two types of
EFmeasures as suggested in previous research (Ten Eycke&Dewey,
2016; Toplak et al., 2013).

In line with the hypotheses and previous literature (McNamara
et al., 2014), daily life EF behavior improved after treatment. It is
possible that this EF aspect is more state-dependent, that is, to a
greater extent influenced by OCD symptoms and/or general life
conditions than are performance-based EF. Notably, a significant
opposite-directed change in rating-based EF was found in the
control group. This could be ascribed to measurement uncertainty
of the instrument within normal range (i.e., r ¼ 0.81, p < 0.001; cf.
previously reported BRIEF test-retest correlations; Gioia et al.,
2000). Contrary to the hypotheses (albeit, in line with one previ-
ous study; (Huyser et al., 2011), the present study found no dif-
ference in EF task performance before and after CBT. Thus, our
findings did not corroborate previous results by Andres et al. (2008)
and Huyser et al. (2010), which indicated improvement in EF test
performance after treatment. These studies, however, differed from



Fig. 2. Multilevel mixed-effects linear regression estimated mean performance-based executive function change (Figure A) and rating-based executive function change (Figure B) in
OCD patients and typically developing children and adolescents.
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the present study in several methodological aspects, for instance,
both studies had considerably smaller sample sizes (OCD, n ¼ 25
and 29 respectively), and both investigated observed level EF var-
iables, as opposed to latent ones. Finally, results indicated that
change in EF from pre- to post-CBT was not associated with
symptom severity change; that is, CBT response was not related to
change in daily life EF behavior or EF test performance, and vice
versa.

The present study had several strengths. First, it was the first to
investigate EF as a predictor of CBT outcome in medication-free
children and adolescents with OCD, and to apply a latent EF vari-
able approach in this context. The use of latent variables is generally
recommended in EF research because they are suggested to be
“purer” measures of EF, less influenced by lower level cognitive
functions (Miyake, Emerson,& Friedman, 2000; Snyder et al., 2015).
Second, the study was well-controlled with respect to diagnostic
status, background variables, and intervention. Third, it included a
large sample as well as a well-matched control group. The study
also has limitations. The performance-based EF measure did not
have norms. Consequently, the cutoff demarking high and low EF
performing groups was not indicative of impairment level. From
previous research, we know that the OCD patients included in the
present study were generally not impaired relative to controls
(Hybel et al., 2016), and therefore the dichotomization by EF per-
formance was an indication of high and low performance within
the normal range. Since the present study was part of an open CBT
trial, wewere not able to concludewhether the findings are specific
to exposure-based CBT or generalize to other types of treatment.
Also, as EFs were not assessed during treatment, the potential
mediating effect of EF was not explored, and such aspects should be
investigated in future research. Finally, as this was the first study of
its kind with pediatric OCD patients, findings would be strength-
ened by replication.

In conclusion, EF test performance predicted CBT response in
childhood OCD. Better performing patients had significantly
elevated risk of non-response to CBT. Contrary to EF test perfor-
mance, daily life EF behavior improved after CBT, indicating that
this EF aspect might be state-dependent in childhood OCD. The
study has two important implications. First, clinicians should not
hesitate to offer CBT to children and adolescents with OCD and
poorer EF performance. Second, better EF performing patients
might need adjusted, enhanced, or augmented treatment.
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