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LPP DURING COGNITIVE REAPPRAISAL IN CHILDREN WITH RHD
Highlights

» Late positive potential (LPP) showed less posithadulation during cognitive
reappraisal in ADHD compared to typically develagpahildren

» Children with ADHD reported less use of cognitieappraisal

* Further research is warranted on the inter-indizidwariability of LPP modulation in

children
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Abstract

Objective: We investigated cognitive reappraisal in childneth ADHD by means of the
late positive potential (LPP) and self-report rginWe expected diminished LPP modulation

following reappraisal and lower self-report scareshildren with ADHD.

Methods: Eighteen children with ADHD and 24 typically desping (TD)" children (8-12
years) performed a cognitive reappraisal task,eMBEG was recorded, and filled out a

guestionnaire on cognitive reappraisal.

Results: Despite the lack of main reappraisal effects oR LtRe LPP was less positively
modulated during reappraisal in ADHD compared tochiddren. Children with ADHD

rated themselves as using less reappraisal.

Conclusions:Children with ADHD reported less use of reapprieasal could be

distinguished from TD children based on LPP modoatHowever the lack of main effects
of reappraisal on LPP in both groups hinders dlgarpretation of this finding and questions
the suitability of LPP modulation within the curtgraradigm as a neural index of reappraisal
in children 8-12 years old, and warrants furtheesech on the inter-individual variability

and sensitivity of LPP modulation as a neural inde&motion regulation in children.

Significance: This is the first study investigating the LPP dgrcognitive reappraisal in

children with ADHD.

Keywords: ADHD; cognitive reappraisal; emotion regulatiahjldren; Late Positive

Potential (LPP)

'TD= typically developing
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1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) & prevalent neurodevelopmental
condition characterized by symptoms of inattenaad/or hyperactivity/impulsivity that
interfere with everyday functioning in several damsalAmerican Psychiatric Association,
2013). In addition to these core symptoms, childvéh ADHD are characterized by
emotional dysregulation, representing a major ssofempairment, as it plays an important
role in social competence and personal wellbeinggftberg et al., 2000; Riley et al., 2006;
Wehmeier et al., 2010). Emotional dysregulatiomanifested in mood lability, aggressive
behavior, negative affect, and temper outbursta\(&ét al., 2014). These clinical
manifestations might reflect either a heightenegll@nd intensity of emotional reactions
(reactivity) or impaired top-down emotion regulatid®osner et al., 2011; Shaw et al., 2014).
A growing number of studies has focused on emotidysregulation in children with
ADHD. Initially, questionnaires and naturalisticompaches (e.g., observing the child’s
emotional response to frustrating situations) veanployed. These studies are supportive of
emotional dysregulation in children with ADHD (fan overview, see Shaw et al., 2014).
However, the questionnaires and naturalistic aptres often measure emotional lability and
emotional reactions as outcome but not emotionlagiga per se. Studies focusing on the

top-down component, emotion regulation, are scaréeDHD.

To tap this top-down component, experimental paradihave been applied in which
children are instructed to perform a cognitive tasthe context of distracting emotional
information (e.g., positively or negatively valedgactures presented in the background of a
Stroop task or n-back task). These studies sholacchildren with ADHD have difficulty
with inhibiting task-irrelevant emotional informati, suggesting emotion regulation

impairments (e.g., Kéchel et al., 2014; Lépez-Muadi al., 2013; Van Cauwenberge et al.,
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2015). However, these findings are not concluse®alise it has been found that larger
emotional interference effects may be relatedgerzgeric interference control deficit (equally
decreased interference control for emotional andrakstimuli) rather than a specific
emotional deficit in children with ADHD in thesenadigms (Van Cauwenberge et al., 2015).
Moreover, comorbid oppositional defiant disordeD{@ symptoms, often present in
children with ADHD, were not taken into accountihof the above-cited studies. This may
however be crucial for understanding emotion retqpriadifficulties in ADHD as ODD has
been associated with emotional dysregulation (8tgngaris et al., 2010) and thus the
presence of ODD symptoms could influence the reslitaddition, these paradigms focused
on attention modulation as an emotion regulatioztat)y, but to our knowledge, cognitive
reappraisal skills have not been assessed yetldramwith ADHD. Research on cognitive
reappraisal skills in ADHD is warranted as cogmtreappraisal, attributing another meaning
to a situation to reduce its emotional impact,niewn to be a very effective strategy and
adequate use of this strategy has consistently &esociated with better interpersonal
functioning and well-being (Gross, 2015; Gross dmoln, 2003). Furthermore, emotion
regulation deficits may be masked when only behral/jgerformance is taken into account.
In studies where both behavioral and neural measueee included, emotional interference
deficits could only be demonstrated in childrenhWdDHD at the neural level but not at the
behavioral level (L6pez-Martin et al., 2015; Pagtiet al., 2010). Therefore, neural indices
may be more sensitive to capture impairments intemoegulation. Especially electro-
encephalography (EEG) seems a promising methaaidy #motion regulation in children
with ADHD as it has an excellent temporal resolutienabling to study the temporal

unfolding of emotion regulation processes (Banasskeand Brandeis, 2007).

Several researchers have stressed the late pgsatigatial (LPP) as a neural correlate

of emotion regulation. The LPP is a positive ddftatin the EEG starting approximately
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300 ms after stimulus onset and its amplitude idutaied by the emotional intensity of
stimuli. In both adults and children larger ampliés for negatively and positively valenced
stimuli compared to neutral stimuli have been obsgi(Hajcak and Dennis, 2009; Hajcak et
al., 2010; Kujawa et al., 2012a, 2012b; Solomoal.e012), which is argued to reflect
sustained or facilitated attention to, and processi, emotional events (Dennis, 2010;
Hajcak et al., 2010). Crucially, recent work hamdestrated that the LPP decreases after
reappraisal, enabling researchers to use this BRPanent for studying cognitive
reappraisal (e.g., Dennis, 2010; Dennis and Hajg@®9; Hajcak and Nieuwenhuis, 2006).
In adults, the LPP amplitude consistently decreasdin negative pictures combined with a
neutral interpretation (reappraisal) relative tgateve pictures with a negative interpretation
(Foti and Hajcak, 2008; Hajcak et al., 2007; Hajetkl., 2006; Hajcak and Nieuwenhuis,
2006; MacNamara et al., 2009). A similar LPP motlafeafter cognitive reappraisal has
been reported in children, be it less consistegbumger children (Babkirk et al., 2014,
DeCicco et al., 2014; DeCicco et al., 2012; Den2d,0; Dennis and Hajcak, 2009;
Leventon and Bauer, 2016). Moreover, research l@asrsthat children’s reappraisal
induced reductions in the LPP were associated awily life use of more adaptive emotion

regulation strategies (Babkirk et al., 2014).

In the current study we examined for the first tithe LPP as a neural correlate of
cognitive reappraisal in children with ADHD, applgithe paradigm as introduced by Dennis
and Hajcak (2009). Because previous studies irglicah age-shift around the age of 8 for
LPP modulation (DeCicco et al., 2014; Dennis angtélg 2009), the paradigm was applied
to children between 8 and 12 years old. We expetigdren with ADHD to be less able to
reappraise negative pictures. Modulation of the BRer reappraisal is indicative of a
reduced impact of the negative stimulus and thdsaed LPP modulation suggests less

effective reappraisal (Dennis, 2010). Therefore gwgected children with ADHD, relative to
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their typically developing peers, to show less ltRétulation. As LPP modulation has been
found to be weaker in (younger) girls (Dennis arajddk, 2009) and the use of cognitive
reappraisal has been reported to be different tweys and girls (Gullone et al., 2010), we
included gender in the analyses, however we didhaweé specific prediction due to the
scarcity of available research. Although emotiaharegulation has been associated with
both symptom domains, there seems to be a strasgeciation with

hyperactivity/impulsivity symptoms (Maedgen and I€an, 2000; Sobanski et al., 2010).
Hence, we expected less LPP modulation to be p&atlg associated with severity of

ADHD hyperactivity/impulsivity symptoms within thrdDHD group. ODD symptoms were
taken into account to explore the unique associdigiween ADHD and emotion regulation
difficulties. In addition, self-reported reapprdisas assessed and we hypothesized children
with ADHD to score lower on this measure, and tt@a to be positively correlated with

LPP modulation.

2 Method

2.1 Participants

Participants in this study were a group of childnetin an official clinical diagnosis of
ADHD, and a gender- and age-matched group of tiigidaveloping (TD) children, all
between 8 and 12 years old. TD children were witlaoy behavioral or emotional disorder,
as reported by the parents. Part of the TD childfea participated in a large Flemish
longitudinal cohort study, named JOnG! (for detailsthe aims and the design of the JOnG!-
study, see Grietens et al., 2010). The remaininigreim were recruited through
advertisement in schools and therapy centers atiekinear environment of the researchers.
All children with a high risk for ASD as evaluatbyg the Social Communication

Questionnaire (Rutter et al., 2003; Dutch trangfatWarreyn et al., 2004) or an estimated
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total 1Q below 80 (evaluated by an abbreviatedigarsf the Wechsler Intelligence Scale for
Children - Third edition - NL; Grégoire, 2000; Wetdr, 1991; Dutch translation: Kort et al.,
2005) were excluded. In addition, a (sub)clinicare on one of the ADHD-scales of the
Disruptive Behavior Disorder Rating Scale (Pelharale 1992; Dutch translation:
Oosterlaan et al., 2008) was used as an exclusgteni@n for TD children. Children with
ADHD were not included if they had a score below thtoff for both inattention and
hyperactivity/impulsivity measured by the Diagnostiterview Schedule for Children — IV
(only in the ADHD group; DISC-1V; Schaffer et a2000; Dutch translation: Ferdinand and
van der Ende, 2002) or when they were on ADHD natttio the day of the experiment.
Based on these criteria, three children with ADHI &vo TD children were excluded. Due
to problems with the acquisition of the EEG-datdecause of too many artefacts in the data,
the data of two more children with ADHD and one @iild could not be included in further
analyses. The final sample consisted of 24 TD ofwiicand 18 children with ADHD
(descriptives of the sample can be found in Tahld e children with ADHD had an official
clinical diagnosis before entering the study. THeHD diagnosis was verified and
confirmed for all children with ADHD by means o&tiDISC-IV administered by an
experienced clinical psychologist, and eight claidwith combined type, eight with
inattentive type, and two with hyperactive type velentified. In addition, five of these
children scored above the cutoff of ODD. Thirteéridren took stimulant medication but

had a wash-out of 48 hr prior to the experiment.

2.2 Procedure

The study was approved by the ethical committedstf Ghent University and the Catholic

University of Leuven. Informed consents were oladirfrom the parent and the child. A
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Table 1

Means and Standard Deviations for Gender DistrioytAge, Estimated 1Q and Scores on

the DBDRS for the Study Sample

TD ®children  Children with ADHD

Variables M (SD) M (SD) 2 (df) / t (df)® p

Boys/girls 18/6 14/4 0.04 (1) 834
Age (years) 9.8 (1.9) 9.8 (1.5) 0.13 (40) 901
Estimated 1Q 103.83 (8.09) 106.33 (11.53) -0.83 (40) 413
DBDRS - INATT® 10.79 (1.38) 14.28 (1.67) -7.39 (40) <.001
DBDRS - HYP/IMP®  10.58 (1.18) 14.44 (1.50) -9.34 (40) <.001
DBDRS - ODD® 10.79 (1.32) 12.67 (1.88) -3.62 (28.95) =.001

Note.*TD = typically developing childre:'DBDRS - INATT = score for the inattentive subscafe
the DBDRSDBDRS - HYP/IMP = score for the hyperactive/imputssubscale of the DBDR$DBDRS -
ODD = score for the subscale ODD of the DBDRS;statistic for analyses with gender distributibatatistic

for analyses with age, estimated 1Q, and scoreguestionnaires.

short computer task, outside the scope of thislartivas administered before the cognitive
reappraisal task. Finally, the rating task was detegd by the children. The DISC-IV was
administered by an experienced clinical psychotogibich took place during the computer
tasks of the child or afterwards at home. The gomesaires for parent and child were filled in
at home. If the questionnaires were too difficaltthe child, the parents were allowed to

explain the items but not to decide on the answers.



LPP DURING COGNITIVE REAPPRAISAL IN CHILDREN WITH RAHD

2.3 Measures

2.3.1 Cognitive reappraisal task

The cognitive reappraisal task was similar to the as used by Dennis and Hajcak
(2009), and included 30 negative pictures fromithernational Affective Picture System,
suited for children (Center for the Study of Ematand Attention [CSEA-NIMH], 1999;

Lang et al., 2008; McManis et al., 2001). Afteriaitial presentation of 2000 ms, the picture
was followed by a black screen combined with atsg®i0 s) auditory story (see Figure 1).
The story had the purpose to either provide a akutierpretation to the picture (neutral
condition, e.g., an angry dog becomes a dog tisatyant to the dentist and has clean teeth)
or a negative interpretation (negative conditiog,,ehe dog is really angry and will attack
someone). After this story the picture was showairafpr 2000 ms. Half of the pictures were

combined with a neutral story, half with a negastery. All pictures were randomly

2000 ms

5000-10000 ms

Negative

5000-10000 ms

2000 ms

or neutral Picture n

Trial n

Trial 1

Figure 1. lllustration of the cognitive reappraisal taskeTpictures were taken from the

IAPS (Lang et al., 2008). Due to copyright reasdins,actual pictures are not shown here.
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presented twice, with the same story, in two seépdiacks. The interpretation of the first
story was different for both blocks (see also Dsramd Hajcak, 2009). The children were

instructed to match the picture with the storyhait head.

2.3.2 Rating of the pictures

The 30 pictures were rated by the children on \@eand arousal using the computer
based Self-Assessment Manikin (Bradley and Lan§41Bang, 1980). A 5-point Likert
scale fromnegative(1) overneutral (3) topositive(5) was used to evaluate valence and a

scale fromnot arousing(1) tohigh arousing(5) asked for arousal ratings.

2.3.3 Questionnaires

The parents completed the Disruptive Behavior RispRating Scale (DBDRS;
Pelham et al., 1992; Dutch translation: Oosterktaal., 2008). In this 42-item questionnaire
the behavior of the child is evaluated by means 4fpoint Likert scale ranging from Qdt
at all) to 3 {very much, resulting in scores for ADHD-inattention, ADHD-

hyperactivity/impulsivity, ODD and conduct disorder

The children filled in the Emotion Regulation Queshaire for Children and
Adolescents (ERQ-CA; Gullone et al., 2010), a seffert questionnaire on emotion
regulation in daily life, translated to Dutch wpproved back translation (translation: Van
Cauwenberge, Dhar, and Wiersema). It has been drated that the ERQ-CA is reliable
and has an adequate convergent validity. The amtstalidity has been found to be
invariant across age and gender (Gullone and T28&2). Only scores on the reappraisal
scale were related to LPP modulation in the takles€ scores can vary between 6 and 30.
The internal consistency of this scale in the aurstudy was sufficient for the TD and

ADHD group (Cronbach’s. .71 and .70 respectively).

11
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2.4 EEG-data acquisition and reduction

EEG-data were collected with 128 active 10 mm AdlAglectrodes (EasyCap
Active, EasyCap GmbH), placed according to the li@#&rnational System (Oostenveld and
Praamstra, 2001), and digitized using Brain VidR@mtorder software (Version 1.10) with a
sample rate of 500 Hz. The ground electrode fomatlarage reference was positioned within
the cap at Fpz and eye-movements were recordedgihielectrodes enclosed in the cap near
the eyes and an additional electrode below the agé. Amplification of the signal with an
open pass-band from direct current to 100 Hz wegsieed with a QuickAmp amplifier
(Brain Products GmbH, Germany). The data wererétteoffline with a low cut-off filter of
0.1 Hz, a high cut-off filter of 30 Hz and a nofidter of 50 Hz with Brain Vision Analyzer
software (Version 2.0.1). After segmentation (509before to 2000 ms after stimulus
onset), ocular artefacts were corrected with thegtGn and Coles algorithm (Gratton et al.,
1983) and segments with a gradient abova\ans or a difference between minimum and
maximum exceeding 200V over an epoch of 200 ms were removed. In addisegments
with artefacts resulting from activity below Qu¥ were also removed. Average event-related
potentials (ERPs) were calculated for the secoedgmtation of the picture (i.e., after the
story) for both conditions (neutral and negativtelipretation) separately. The mean
amplitude in the 500 ms window prior to picture einserved as baseline. The average ERPs
were based on 50-100% of trials (15-30 trials)nfarst of the children. Nine children had for
one or more conditions only 33-50% acceptablestridbwever, for these children the ERPs
and topographical maps were thoroughly checkederable LPPs were observed with the
expected topography. Trial acceptance rates didliffet between negative and neutral
interpretationsK(1,37) = 3.69p = .062) or between groupB(,37) = 0.24p = .630), and
did not differ dependent on the child’s age or gar(1,37) = 0.20p = .659 and~(1,37) =

2.18,p = .149 respectively). The number of interpolatietteodes did not exceed 10% for

12
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any of the children but one (12% of the electrodese interpolated). Based on previous
literature (Babkirk et al., 2014; DeCicco et aD,12; Dennis and Hajcak, 2009) and visual
inspection of the grand averages and topograpb@esgtal-occipital electrode positions PO3,
POz and PO4 were analyzed between 600 ms and 15@ften stimulus onset using the

mean area amplitude.

2.5 Statistical analyses

To test for group differences in the rating of phetures, the results of the rating task
were analyzed with a 2 (condition: neutral, negastory) x 2 (group: ADHD, TD) repeated
measures ANOVA on the dependent variables aroustValence. To analyze the
modulation effect of reappraisal on the LPP, adhdition: neutral, negative story) x 3
(electrode: PO3, POz, PO4) x 2 (group: ADHD, T ¢gender: boys, girls) repeated
measures ANOVA was conducted with LPP amplitudéegendent variable. The univariate
test results were reported, corrected with Greesd@ieisser in case of violation of the
assumption of sphericity. Finally, for the corredaal analyses, a difference score was
calculated between the amplitude of the LPP aftezgative story and the LPP amplitude
after the neutral story, both averaged acrossrelgetpositions. This difference score
represents the reduction in LPP amplitude as dtresreappraisal and hence the
effectiveness of reappraisal. Because of the ainypothesized directions of the
correlations, one-sided Pearson’s correlations weperted between this difference score
indicating the LPP modulation and the scores oneéhppraisal scale of the ERQ-CA and the

scores on the scales of the DBDRS. All the analys®e controlled for symptoms of ODD.

13
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3 Results
3.1 Rating of the pictures

The arousal ratings of the pictures did not difetween conditiond<(1,40) = 2.32p =

.135,1? = .05) or between groupB((L,40) = 2.07p = .158,n> = .05). Also the group by
condition effect was not significarfe(1,40) = 0.95p = .335,1° = .02) (see Table 2). The
valence of the pictures was judged more negativez afnegative story compared to a neutral
story (1,40) = 31.66p < .001,n? = .44). Groups did not differ in this respef(X,40) =

1.37,p = .249,n% = .03 for groupfF(1,40) = 0.18p = .673,n° = .01 for group by condition).
3.2 Effect of cognitive reappraisal

The LPP topography maps are depicted in FigureoXsifjhificant main effect of condition
was found E(1,38) = 0.26p = .616,1° < .01). However, a main group and a group by

condition effect were found=(1,38) = 4.96p = .032,n° = .12 and~(1,38) = 5.28p = .027,

Table 2

Means (and Standard Deviations) for the Rating odudal and Valence of the Negative

Pictures After a Neutral or Negative Story

TD ®children Children with ADHD
Rating variable Neutral Negative Neutral Negative
Arousal 3.01(0.74)  3.23(0.93) 2.71 (0.90) 2.76 (1.10)
Valence 2.81(0.62)  2.23(0.85) 2.55 (0.60) 2.04 (0.61)

Note. 2 TD = typically developing.

14



LPP DURING COGNITIVE REAPPRAISAL IN CHILDREN WITH RAHD

TD children Children with ADHD

Neutral

-8 pv opv 8 pv

Negative

Figure 2. Scalp topography of the LPP (600-1500 ms) aftetrakand negative
interpretation in TD children and children with ADHEIectrodes included in the analyses

are indicated.

n® = .12 respectively), showing overall smaller LRIRd a difference in LPP modulation
between groups, with relatively less positive matioh (negative condition — neutral
condition) in children with ADHD compared to TD tdren (see Table 3 and Figure 3).
Further testing revealed that, as expected, tleetedf condition was not significant for
ADHD (F(1,17) = 2.89p = .107,1n° = .15). The effect of condition in TD children was
however also not significanE(1,23) = 2.30p = .143 1> = .09). Finally, a main electrode
effect emergedr(2,76) = 3.66p = .030,n? = .09), indicating a right distributed LPP. None

of the other effects were significant, includindeets related to gender.

To investigate if the results would remain simifadbDD was taken into account, the

analyses were repeated with ODD symptoms as aietea¥Whereas the main effects of

15
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Table 3

Means (and Standard Deviations) for the LPP Amg@ét600-1500 ms) After a Neutral or

Negative Story at PO3, POz and PO4

Electrode TD ®children Children with ADHD

Neutral Negative Neutral Negative
PO3 6.23 (4.71)  5.68 (5.67) 5.19 (5.60) 3.60 (6.17)
POz 491 (5.57)  6.70 (4.80) 3.70 (4.77) 1.76 (5.55)
PO4 6.00 (6.04)  7.67 (5.43) 5.97 (5.04) 4.29 (6.68)

Note.? TD = typically developing.

TD children Children with ADHD
o — Neutral — Neutral
--- Negative " --- Negative

\\‘\A

T T T
-500 0 500 1000 1500

T T T
ms| -500 0 500 1000 1500

ms)

Figure 3. Stimulus-locked ERPs elicited by unpleasant pictafter neutral or negative

interpretation pooled over electrode sites PO3, &@kzPO4 in TD children and children

with ADHD.
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group and electrode disappearB¢l(37) = 3.26p = .079,1° = .08 and~(2,74) = 1.68p =
.194 17 = .04 respectively), crucially, the effect of gpobly condition remained significant

(F(1,37) =5.00p = .032,1° = .12).

The ERPs (Figure 3) suggest that a group differemag be apparent already earlier in time,
at the P3 level. However an additional analysighetime window of 300-600 ms could not

confirm this as no significant group effects wesarfd (allp’s > .40).
3.3 Correlations with self-reported reappraisal andADHD symptoms

Children with ADHD rated themselves on the ERQ-GAuaing less reappraisal in
daily life (ADHD: 17.73 BD= 4.37]; TD: 21.22$D= 4.03];F(1,36) = 6.35p = .016,1° =
.15), even after controlling for ODIF(1,35) = 5.98p = .020,1° = .15). A significant small
positive correlation (Cohen, 1988) was found betwibés reappraisal score and LPP
modulation = .28,p = .042, one-tailed), suggesting that more selbrial reappraisal was
associated with a larger reappraisal induced madulaffect on the LPP. However, this was
for a large part driven by outliers (see Figuredd scatterplot); an additional Spearman’s
rank correlation analysis, which is more robustdotlier effects, showed no significant
associationg = .16,p = .166, one-tailed). In addition, in the ADHD gpyuno significant
correlations were found between LPP modulationfypractivity/impulsivity symptoms (
=-.27,p = .136, one-tailed) or inattentive symptoms-(-.05,p = .425, one-tailed). The
correlations remained non-significant after conitngl for symptoms of ODD (partial
correlations); for hyperactivity/impulsivity: = -.32,p = .218; for inattention. = -.05,p =

.856.

17
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7 8

LPP modulation score

Fa

-10 T T T T T T T
0 5 10 15 20 25 30

self-reported reappraisal

Figure 4. Correlation between the self-reported use of rempal in daily life and the LPP
modulation score (the LPP after a negative storyusithe LPP after a neutral story, pooled

over electrode sites PO3, POz and PO4).

4 Discussion

This is the first study investigating the modulatmf the LPP after cognitive
reappraisal in a sample of children with ADHD comgabto TD children. We expected
children with ADHD to show less LPP modulation aftegnitive reappraisal, which would
be in accord with the notion of impaired emotiogulation. We furthermore hypothesized
this to be associated with ADHD symptom severigpezially with symptoms of

hyperactivity/impulsivity (Maedgen and Carlson, 208obanski et al., 2010). Lower self-

18
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report scores for the use of reappraisal werelalpothesized, while LPP modulation was
expected to be positively correlated with self-mpof cognitive reappraisal. A significant
interaction effect group x condition on LPP wasrfduindicating a group difference in LPP
modulation. This effect was found independent ofdgge and ODD symptomatology. In the
ADHD group, LPP modulation was not significanthsasiated with symptom severity.
Children with ADHD reported significantly less uskreappraisal. Across groups, LPP
modulation seemed to be positively correlated whthadministered self-report measure of
cognitive reappraisal (assessing the use of remara daily life); however this effect was

not reliable, as it was driven by outliers.

Self-report results showed that children with ADIFported less use of reappraisal in
daily life. This finding is in line with a study ychmitt et al. (2012), who also demonstrated
that children with ADHD reported less use of reapgal compared to children without
ADHD and accords with the literature categorizioguitive reappraisal as an adaptive
emotion regulation strategy that is linked to adlegptunctioning and less psychopathology
(Aldao et al., 2010; Belden et al., 2015; Carthglet2010; Eisenberg et al., 2000; Garnefski

et al., 2007; Zeman et al., 2006).

Although groups differed for LPP modulation as agaded by a significant group x
condition effect on LPP modulation, the main coioditeffect of on LPP was not significant,
neither over groups, nor within groups separafBtys hinders interpretation of this finding
in terms of impaired cognitive reappraisal in cteld with ADHD and raises questions about
the suitability of LPP modulation within the curtgraradigm as a neural index of reappraisal
in children 8-12 years old. Strong supportive emmefor the usefulness of the LPP for
studying emotion regulation comes mainly from agtidies, in which it consistently has

been shown that using variants of the current éagkving adults the instruction to
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reappraise unpleasant pictures provides evidendbdcoeffect of reappraisal on the
modulation of the LPP (e.g., Foti and Hajcak, 2088jcak and Nieuwenhuis, 2006;
MacNamara, et al., 2009). Results in child studresfar from conclusive. Although Dennis
and Hajcak (2009), who applied the same paradigprfjretl evidence for LPP modulation in
TD children, later studies also failed to find &alele significant effect of reappraisal on the
LPP in children (Babkirk et al., 2014; DeCicco bt 2014; DeCicco et al., 2012; Leventon
and Bauer, 2016). These studies were all very airtol the current study, with a highly
similar task (pictures, number of trials, etc.) @odhparable sample sizes. A possible
explanation for the lack of main reappraisal eSemt the LPP is the large interindividual
variability, not only in the ADHD group but also D children, which has also been
observed in previous research (Babkirk et al., 20IHe interindividual differences in LPP
modulation could relate to several factors, inahgdihe age of the children, resulting in
variability in the sensitivity of the LPP modulatiéo capture emotion regulation (Babkirk et
al., 2014). Research has shown a lack of reappracizced LPP modulation in younger
children (DeCicco et al., 2014; Dennis and Haj&iK)9), suggestive of a lower sensitivity in
younger ages. Although an exploratory correlati@mallysis did not reveal an effect of age
on LPP modulation in the current study, studiesn@eded that systematically investigate the
age related sensitivity of the LPP as index of éeomategulation and more broadly address
the interindividual variability of LPP modulatiomé the suitability of this measure as an

index of emotion regulation in children.

Based on previous studies, we expected to findsaocation between the LPP
modulation and symptoms of hyperactivity/impulsne.g., Maedgen and Carlson, 2000;
Sobanski et al., 2010). However, no significanbasgions were found, neither with

inattention nor with hyperactive-impulsive symptornike lack of significant correlations
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may relate to the sample size in the current studsger samples sizes may be needed to

provide a better insight into this matter.

In addition to a significant group x condition effeanalyses showed a main group
effect for LPP, indicating that children with ADHEhowed show overall smaller LPP
amplitudes than TD children, corroborating the camrfinding of smaller P3 like
components to non-emotional stimuli in ADHD, sudgesinappropriate attention allocation
or aberrant working memory updating for both emmaicand non-emotional stimuli (Raz and
Dan, 2015; Wiersema et al., 2006), although tHesceseems to be attributable to comorbid

ODD symptoms, as this effect disappeared afteraling for ODD.

It should be noted that we could not demonstratefiect of reappraisal on the rating
of arousal that took place after completion oftdsk, while reappraisal did affect valence
ratings. It may be that arousal effects were onigfland therefore not found in the ratings of
the children. Another possibility is that scorimgasal level was too difficult for the children.
Only one other child study included these ratings eould also not evidence differences in
arousal after reappraised or negatively interprptetlires (Leventon and Bauer, 2016).
Future research should elaborate on this. It i iatportant to note that groups did not differ
on these effects of reappraisal on the ratingsatédnce and arousal, suggesting similar
emotion regulation abilities in children with ADH&hd TD children. However, the
comparison between the findings based on behawaoheural indices should be
interpreted with caution. The rating of the valeaod arousal of the pictures did not take
place during the task and a lot of cognitive preesdesides reappraisal such as memory,
association processes, social desirable answatagnight have contributed to the answer
of the child. In addition, it is possible that elrén with ADHD used another strategy instead

of reappraisal during the ERP-task, which resulteitie same rating scores as TD children.
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The current study has some limitations. First,saple size is limited and although
it is similar to the ones in previous studies (Dm@iet al., 2014; Dennis and Hajcak, 2009),
ADHD is a heterogeneous disorder and hence thenfyjsdnay not generalize to all children
with ADHD. Second, to keep working memory demarws, the picture was also shown
previous to the interpretations and thus the rempalrcannot be seen as fully antecedent-
focused (see also Dennis and Hajcak, 2009). Tthiede were not enough children with both
ADHD and ODD included in the study in order to gysatically investigate the effects of
comorbid ODD by analyses on subgroups, howevelydnog ODD as a covariate in the
analyses did not change the results, indicatingthieafindings cannot be explained by

comorbid ODD symptomatology.

To conclude, this was the first study investigati®P modulation as a neural
correlate of cognitive reappraisal in children witBHD. LPP modulation successfully
distinguished groups, irrespective of gender amdarbid ODD symptomatology. Children
with ADHD also reported less use of reappraisaldity life. The lack of main effects of
reappraisal on LPP modulation within the separetems however complicates interpretation
of the LPP effects and warrants further researcthemnterindividual variability and

sensitivity of the LPP as a neural marker of emotegulation in children.
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