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Abstract

Patients with irritability, temper outbursts, hyperactivity and mood swings often meet the dysregulation profile (DP) of the
Child Behavior Checklist (CBCL) or the Strengths and Difficulties Questionnaire (SDQ), which have been investigated over
the past few decades. While the DP has emerged as a transdiagnostic marker with a negative impact on therapeutic outcome
and psychosocial functioning, little is known about its underlying mechanisms such as attention and emotion regulation pro-
cesses. In this study, we tested whether adolescent psychiatric patients (n=27) with the SDQ-DP show impaired emotional
face processing for task-irrelevant stimuli compared to psychiatric patients without the SDQ-DP (n=30) and non-clinical
adolescents (n=21). Facial processing was tested with event-related potential (ERP) measures known to be modulated by
attention (i.e., P1, N1, N170, P2, and Nc) during a modified Attention Network Task, to which task-irrelevant emotional
stimuli (sad, fearful, and neutral faces) were added prior to the actual trial. The results reveal group differences in the orient-
ing and in the conflicting network. Patients with DP showed a less efficient orienting network and the clinical control group
showed a less efficient conflicting network. Moreover, patients with the dysregulation profile had a shorter N1/N170 latency
than did the two control groups, suggesting that dysregulation in adolescents is associated with a faster but less arousing
encoding of (task-irrelevant) emotional information and less top-down control.
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Introduction

A large proportion of children and adolescents who are
referred to clinical treatment present with self-regulation
difficulties in emotional, behavioral and cognitive domains
(Deutz et al. 2018; Holtmann et al. 2007). These are not
unique to a specific diagnostic category (Ayer et al. 2009;
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Carballo et al. 2014; Legenbauer et al. 2018), but are rather
described within the transdiagnostic so-called dysregulation
profile (DP; Deutz et al. 2018, 2020; Althoff et al. 2010;
Ayer et al. 2009). The DP reflects a profile of elevated scores
on subscales of the widely used Child Behavior Checklist
(CBCL; Achenbach 1991) or the Strengths and Difficulties
Questionnaire (SDQ; Goodman et al. 1998; Holtmann et al.
2011; Deutz et al. 2018; Wang et al. 2018).

There is extensive research validating the clinical utility
of the DP (Carballo et al. 2014) with respect to its presence
in the case of psychosocial impairments (Holtmann et al.
2008; Jucksch et al. 2011; Wang et al. 2018), worse family
functioning (Biederman et al. 2009; Carballo et al. 2014),
specific genetic profiles (Hudziak et al. 2005) and biologi-
cal correlates (e.g., Holtmann et al. 2010b). Given that the
DP is stable over time and across age groups (Carballo et al.
2014; Wang et al. 2019) and has been related to higher sui-
cide rates, more substance use and higher rates of depres-
sion and anxiety disorders when emerging in adulthood
(Holtmann et al. 2010a; Metzke and Steinhausen 2019), it

@ Springer


http://orcid.org/0000-0002-2879-3255
http://crossmark.crossref.org/dialog/?doi=10.1007/s00702-021-02319-x&domain=pdf

382

F. Martin et al.

is important to better understand what lies beneath these spe-
cific self-regulation difficulties. To achieve this, the inspec-
tion of attentional and emotion regulating processes may
be a promising candidate, because self-regulation difficul-
ties have been associated with impaired attention allocation
to emotional stimuli in stressful situations in children with
emotional dysregulation.

The attention system is linked to the emotion system via a
reciprocal relationship (e.g., Pourtois et al. 2013). Whereas
emotional stimuli have a modulatory (usually capturing)
effect on attention (for review, Carretié 2014), findings
from neurobiological studies showed that the processing of
emotional stimuli also depends on the extent to which atten-
tional resources are available (Morawetz et al. 2010; see also
Yamaguchi and Onada 2012). Consequently, disturbances in
attentional processes may underlie self-regulation difficul-
ties. Self-regulation difficulties have been associated with
impaired attention allocation in motivational and frustrating
situations. Those self-regulation difficulties were found to
be accompanied by a reduced amplitude of the N100 event-
related potential (ERP; Rich et al. 2007), suggesting impair-
ments in the initial stages of attention.

Electrophysiological methods, like the analysis of ERPs
to emotional faces may help to elucidate the allocation of
attention and the processing of emotional stimuli (e.g.,
Eimer and Holmes 2007; Dennis et al. 2009). In particular,
negative emotional stimuli, like fearful or sad faces, have
been shown to elicit higher amplitudes in early ERPs, in
ERPs reflecting the processing of emotional salience, and
in ERPs reflecting attentional processes. The first ERPs
to be mentioned here are the P1 und N1, a positivity over
occipital scalp areas and a negativity over centro-parietal
areas, which peak about 100 ms after stimulus onset. P1 and
N1 are traditionally related to sensory gain control and the
early processes of stimulus detection and selective atten-
tion, respectively (Mangun 1995), and both are sensitive to
the emotional expression of faces (e.g., Batty and Taylor
2003; Eimer and Holmes 2002; Dennis et al. 2009). The
next ERP of interest is the N170, a posterior-occipital nega-
tivity peaking around 170 ms after stimulus onset, which
is assumed to reflect an early stage of face encoding (e.g.,
Batty and Taylor 2003; Bentin et al. 1996; Leppénen et al.
2007; Righart and de Gelder 2008). Although there are some
contradictory findings (see e.g., Eimer et al. 2007), there is
some evidence that the N170 is modulated by facial expres-
sions of emotion, being increased in amplitude especially by
fearful expressions (Batty and Taylor 2003; Leppinen et al.
2007; Righart and de Gelder 2008). The N170 is followed
by the P2, which is also associated with stimulus processing
in general and is modulated by attention, likely reflecting
a filter mechanism involved in the allocation of attention
(Lijffijt et al. 2009). The P2 amplitude is higher for emotion-
ally salient stimuli (e.g., negative emotional faces; Carretié
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et al. 2001). A final ERP associated with face processing in
children and adolescents is the negative central component
(Nc). This ERP occurs around 500 ms after stimulus onset
at fronto-central electrodes and is linked to attentional and
memory processes (Richards et al. 2010). It was shown that
Nc amplitude is larger during sustained attention than during
inattention (Richards et al. 2010) and after negative versus
positive emotional faces (Nelson and De Haan 1996). Find-
ings like these suggest an early disturbance of attentional
deployment when emotional stimuli are involved.

Additional evidence from cognitive and neuroscientific
research using the Attention Network Task (ANT; Fan et al.
2002) emphasizes the reciprocal relationship between emo-
tion and attention. Originally, the ANT was applied to pre-
cisely capture attention deficits, and to allocate the differen-
tial deficit across three attentional networks, namely alerting
(allowing a state of alertness to be achieved and maintained),
orienting (allowing information from sensory input to be
selected by directing or disengaging attention to one stimu-
lus among others and/or shifting the attentional resources
from one stimulus to another), and executive control (involv-
ing the top-down control of attention and allowing response
conflicts to be resolved) (Fan et al. 2002; Heeren et al. 2015).
The ANT is applicable for adults as well as for children
and adolescents. Although most research on the ANT has
been done with adult participants, it has been shown that
attention network scores and errors do not differ between
adults and children (Rueda et al. 2004). Modified versions
incorporating emotional distractors were developed (e.g.,
Dennis et al. 2009; Cohen et al. 2011), which display task-
irrelevant emotional stimuli before the actual tasks (e.g., sad,
fearful, or neutral faces or pictures with negative emotional
salience from the International Affective Picture System
(IAPS); e.g., Cohen et al. 2011; Dennis et al. 2008). These
studies found an impact of emotion on attention. For exam-
ple, anxiety-relevant information (e.g., the fearful faces) led
to decreased efficiency of the alerting network (Cohen et al.
2011). Additionally, a study by Heeren et al. (2015) found
that in patients with social anxiety disorder (SAD), the ori-
enting network was impaired compared to healthy controls,
which was attributed to faster attentional engagement to the
task-irrelevant information.

To date, there are no studies in children and adolescents
who meet the DP, despite the evidence relating attention
and emotion in this group. Consequently, the present study
seeks to explore attention allocation in children and adoles-
cents with DP. We expected to see less efficient attention net-
works in the DP group, and especially the alerting network
should show deficits relative to the control groups. In order
to reveal potential neurocognitive mechanisms associated
with these specific deficits, emotion-induced modulations
of ERPs were analyzed and contrasted in the DP and control
groups. Specifically, modulations in P1 and N1/N170 (i.e.,
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reduced amplitudes in the DP group) should reveal deficits
in sensory gain control, early processes of stimulus detec-
tion, selective attention, and face encoding, while those in
P2 and Nc would hint at deficits in later processes of allo-
cation of attention and memory processes. In addition to
ERP amplitudes, latencies were analyzed in order to detect
potential differences between DP and control groups in the
temporal processing of emotional stimuli.

Methods
Participants

In total, 78 participants (56 females) aged between 12 and
17 years were recruited as part of a larger study at the
LWL-University Hospital for Child and Adolescent Psy-
chiatry in Hamm, Germany, and at a local high school.
Other data from the larger study are published elsewhere
(Legenbauer et al. 2018). Participants were assigned to
three groups, which were based on the SDQ-dysregulation
profile scores (SDQ-DP; Goodman et al. 1998; Holtmann
et al. 2011; Deutz et al. 2018) and were defined according
to Holtmann et al. (2011) as follows: Patients scoring 5 or

higher on the SDQ-DP were assigned to the clinical group
with DP (DPG), whereas patients scoring below this cutoff
were assigned to the clinical control group (CCG). Partici-
pants recruited at the high school were also screened for
the SDQ-DP. If they did not show the SDQ-DP, they were
included as part of the non-clinical control group (NCG);
otherwise, they were excluded.

General exclusion criteria were an IQ below 85, neuro-
logical disorders, post-traumatic stress disorder, autism,
drug abuse, pregnancy, acute intoxication, or benzodiaz-
epine intake. Participants of the NCG were also excluded
if they reported a history of psychiatric disorders. All
participants and their legal guardians provided informed
consent.

Assessments

Participants, whose data are presented here, also per-
formed two other experiments on the relationship between
dysregulation profile and attention and dysregulation pro-
file and emotion recognition (for more information see
Legenbauer et al. 2018). Table 1 provides descriptive data
about the participants in each group.

Table 1 Demographic data of

. . DPG CCG NCG
the present sample divided into
groups based on SDQ-DP score Sample size 27 30 21
Number female 22 (81%) 16 (53.3%) 18 (85.7%)
Age in years 14.70 (1.49) 14.67 (1.56) 13.67 (1.46)
SDQ
Emotional Problems 6.59 (2.17) 4.53 (2.90) 2.86 (1.88)
Conduct Problems 3.93 (2.77) 2.33(2.02) 1.19 (0.93)
Hyperactivity 5.81(1.76) 3.90 (2.60) 2.86 (2.15)
Peer Interaction 5.48 (2.42) 3.13 (2.08) 1.57 (1.60)
Prosocial Behavior 6.93 (2.95) 6.97 (2.79) 8.62 (1.47)
Dysregulation Profile 5.74 (1.10) 2.97 (1.03) 1.81 (1.94)
Diagnoses
Depressive disorders 14 (51.9%) 12 (40%) -
Anxiety disorders 7 (25.9%) 9 (30%) -
Hyperkinetic disorders 6 (22.2%) 4 (13.3%) -
Disorders of conduct and emotions 5 (18.5%) 7 (23.3%) -
Other diagnoses 6 (22.2%) 10 (33.3%) -
Medication
Stimulants 2 (7.4%) 3 (10.0%) -
SSRIs 9 (33.3%) 5(16.6%) -
SSNRIs - 1(3.3%) -
Neuroleptics 2 (7.4%) 2 (6.7%) -
Hormones 2 (7.4%) 1(3.3%) -
1Q 99.75 (11.73) 103.55 (11.88) 110.80 (13.94)

DPG clinical patients with DP, CCG clinical control group, NCG non-clinical control group, SSRIs selec-
tive serotonin reuptake inhibitors, SSNRIs selective serotonin-norepinephrine reuptake inhibitors
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Strengths and difficulties questionnaire

Participants answered demographic questions and completed
the “Strengths and Difficulties Questionnaire” (SDQ; Good-
man et al. 1998; German normation: Becker et al. 2018) to
determine group assignment. The SDQ is a self-report ques-
tionnaire containing 25 statements about emotional prob-
lems, conduct problems, hyperactivity, peer interaction and
prosocial behavior. The statements are rated on a 3-point
Likert scale from “not true” to “certainly true”. The SDQ
showed good internal consistency in the present sample,
with Cronbach’s «=0.76. The SDQ-DP represents the sum
of five SDQ items, encompassing two questions regarding
emotional problems, two questions regarding conduct prob-
lems and one question regarding hyperactivity.

Attention network task

The attention network task (ANT) is a combination of a cued
reaction time task and an Eriksen flanker task (Eriksen and
Eriksen 1974; Fan et al. 2002). It is capable of measuring
the efficacy of three attentional networks by scoring and
combining the reaction times of different cue and flanker
conditions. In the present study, the ANT was modulated
and preceded by emotional faces that displayed either sad-
ness, fear, or a neutral expression (Dennis and Chen 2007)
but did not provide any other task-relevant information. The
faces were taken from the NimStim stimulus set (Tottenham
et al. 2009). After a face was shown, a cue appeared, fol-
lowed by a target arrow, which randomly occurred above or
below a fixation cross. The target arrow was surrounded by
four flanker arrows, two on each side. The participant’s task
was to indicate, by pressing the left mouse button with the
left thumb or the right mouse button with the right thumb,
whether the central arrow points to the left or to the right.
Reaction time (RT) was measured as the time between the
onset of the central arrow and the button press. During the
task, participants were seated 60 cm from a 22-inch screen,
which presented the stimuli with a resolution of 1680 x 1050
pixels. The task was programmed in E-Prime, Psychology
Software Tools, version 2.

Figure 1 shows one trial of the ANT and the different
cue and flanker conditions. There was a “no-cue” condition
without warning cues, a “double-cue” condition, in which
one cue appeared above and one below the fixation cross, a
“center-cue” condition, in which the cue appeared superim-
posed over the fixation cross, and a “spatial-cue” condition,
in which the upcoming target position was precisely indi-
cated by the cue position.

Additionally, there were three flanker conditions: a con-
gruent condition, in which the target and the flankers pointed
in the same direction, an incongruent condition, in which the
target and the flankers pointed in opposite directions, and a
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neutral condition, in which the flankers did not contain any
spatial information.

After a training session of 24 trials, the actual experiment
consisting of two blocks with 72 trials each was started.
One block contained sad and neutral faces and the other
block contained fearful and neutral faces. The order of the
blocks was randomized per participant. Within each block,
the emotional faces were pseudo-randomly presented. The
faces were presented for 200 ms, followed by the fixation
cross for 400-1600 ms. Next, the cue appeared for 150 ms,
before a fixation cross was again presented for 450 ms. The
target and the flankers appeared simultaneously until the
participant reacted, not exceeding 1700 ms before a new
fixation cross.

The efficiency of each attentional network was calculated
using the RTs in different cue conditions and flanker condi-
tions (Fan et al. 2002). The efficiency of the alerting network
was determined as the RT difference between the no-cue
minus double-cue condition, and the efficiency of the ori-
enting network was calculated as the RT difference between
the center-cue minus spatial-cue condition. The efficiency
of the conflicting network was defined as the RT difference
between the incongruent minus congruent condition. In all
cases, higher scores indicate less efficient networks (Dennis
and Chen 2007).

EEG data recording

EEG was recorded from 32 Ag—Cl electrodes using the Brain
Vision Recorder (Brain Products, Gilching, Germany). The
continuous EEG was sampled at 250 Hz using the Brain-
Amp DC amplifier. Electrodes were applied according to the
10-20 system (Jasper 1924). Head size was measured and
the position of the central electrode (Cz) was determined
as the midpoint of the distance from nasion to inion and
the distance between the ears. Vertical eye positions were
recorded by electrooculography (EOG) using two electrodes
positioned above and below the right eye. Electrode imped-
ance was kept below 10 kQ. Participants were asked to relax
and to move as little as possible during the experiment.

Analyses
EEG data processing

Raw data were visually screened for artifacts, and broken
channels were restored by topographical interpolation. The
data were re-referenced to the average of the 30 EEG chan-
nels and digitally band-pass filtered (cut-off frequencies 0.5
and 25 Hz). For further analyses, segments from 200 ms
before to 1000 ms after the onset of each face stimulus
were extracted. Data exceeding a maximum—minimum dif-
ference of 200 pV, a maximum voltage step of 50 uV per
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Fig.1 Summary of a the emotional cues, b the flanker conditions, ¢ the cue conditions, d the scoring of the attention networks, and e the tempo-
ral procedure of the Attention Network Task. In this example, a sad face precedes a spatial cue neutral trial (based on Fan et al. 2002)

sampling point, or an activity of less than 0.5 pV within a
100-ms interval, were excluded from further analysis (auto-
matic artifact rejection as implemented in the BrainVision
Analyzer software, Version 2.0; Brain Products, Gilching,
Germany). The EEG channels were corrected for ocular arti-
facts using the BrainVision Analyzer Independent Compo-
nent Analysis tool. Again, an automatic artifact correction
was performed (see above) and the remaining epochs were
baseline-corrected to a 200-ms prestimulus window relative
to the face stimulus onsets. Finally, the epochs were aver-
aged, separately for neutral, fearful and sad emotional faces.
For the analysis of the event-related potentials (ERPs), the
mean peak amplitudes of P1, N1, N170, Nc and P2 were
defined as local maximum positivity or negativity within
time windows of the specific waveforms and across clus-
ters of electrodes in which the ERPs were most pronounced
(P1: 70-150 ms across occipital electrodes O1, Oz, O2; N1:

80-160 ms across centro-parietal electrodes CP1 and CP2;
N170: 120-200 ms across parieto-occipital electrodes P7,
P8, PO9, PO10; P2: 200-370 ms across parieto-occipital
electrodes P7, P8, PO9, PO10; Nc: 290-370 ms across cen-
tral electrodes C3, Cz, C4; each relative to the onset of the
emotional faces). The choice of the time windows and elec-
trode clusters was based on previous findings on the char-
acteristics of the ERPs to emotional faces (e.g., Dennis and
Chen 2007; Dennis et al. 2009) and confirmed by visual
inspection of the grand average waveforms.

Statistical analyses
All statistical analyses were performed using IBM® SPSS®
Statistics version 24. Group differences for demographic

data were calculated using one-way ANOVA. ERP mean
amplitudes and latencies were submitted to repeated
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measures 3 X 3 ANOVAs with emotion (sad, fearful, neutral)
as within-subject factor and group (DPG, CCG, NCG) as
between-subject factor. Post-hoc comparisons are based on
pairwise Bonferroni—-Holm-corrected t-tests. For the atten-
tional network RT data a 3 X 3 X 3 ANOVA was performed
with network type (executive, orienting, alerting) and emo-
tion (sad, fearful, neutral) as within-subject factors, and
group (DPG, CCG, NCG) as between-subject factor. Post-
hoc one-way ANOVAs were calculated to unravel significant
main or interaction effects. For all results, the significance
level was set at a <0.05.

Results
Descriptive statistics

One-way ANOVAs revealed main effects of age
[F(2,75)=3.49; p<0.05] and IQ [F(2,55)=3.22; p < 0.05],
but post-hoc t-tests did not reveal significant group dif-
ferences (all ps> 0.05; Bonferroni-corrected). How-
ever, the groups differed with regard to BDI sum scores
[F(2,74)=7.07; p<0.005], with DPG showing higher
scores than CCG (p <0.01) and NCG (p <0.01). The two
clinical groups did not differ regarding the sum of diagnoses
(»=0.50).

The groups differed significantly regarding the SDQ
scales “emotional problems”, “conduct problems”,

LEINT3

“hyperactivity”, “peer interaction” and also regarding
“prosocial behavior” (all ps <0.044). Bonferroni-corrected
post-hoc t-tests indicated that the DPG differed signifi-
cantly from the CCG with respect to emotional problems
and hyperactivity (both ps <0.01), conduct problems
(p <0.05) and peer interaction (p <0.001). Patients with
DP also differed significantly from the NCG group on the
scales emotional problems, conduct problems, hyperactiv-
ity and peer interaction (all ps <0.001). Patients in the DPG
showed the highest scores on all scales. Additionally, the
CCQG differed significantly from the NCG group on the peer
interaction scale (p <0.05). A post-hoc t-test was unable to
resolve the group differences regarding prosocial behavior
(both ps>0.08). In sum, the analyses of the questionnaire
data indicated that patients with DP show the strongest
impairments in emotional problems, hyperactivity, conduct
problems and peer interaction as measured with the SDQ.
The CCG reported more problems in peer interaction than
did the NCG (Fig. 2).

Behavioral ANT data

There was a main effect of attentional network
[F(2,150)=6.62, p<0.01; npz =0.081]. Post-hoc pairwise
t-tests showed that the orienting network differed signifi-
cantly from the alerting (p =0.023) and the conflicting net-
work (p=0.002). More importantly, there was an interaction
of network X group [F(4,150)=4.82, p<0.01; 17p2 =0.114].

Fig.2 Group differences in 12,00
SDQ scales (DPG clinical
group with DP, CCG clinical
control group without DP, NCG
non-clinical control group, 10.00 -
SDQ strengths and difficulties kx|
questionnaire) 2
kK k.
—kkk * %k K
8.00 ok T
% %k k.
6,00
g . uDPG
o
8 1 CCG
2 ONCG
4,00
2,00 -
0.00 - T T ke
SDQ emotional SDQ conduct SDQ hyperactivity SDQ peer SDQ prosocial
problems problems interaction behavior
-2,00 -
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To clarify this interaction, one-way ANOVAs were con-
ducted, revealing that the groups differed in the orienting
network [F(2,77)=4.51, p<0.05] and in the conflicting
network [F(2,77)=3.76, p <0.05], but not in the alerting
network (p=0.10). The DPG showed significantly higher
values than the CCG in the orienting network (p <0.05). In
the conflicting network, the NCG showed significantly lower
values than the CCG (p <0.05). Figure 3 shows the group
differences in the attention networks.

ERP data

P1. There were no main effects of group or emotion on
P1 mean amplitude or latency, and no interactions (all
Fs<2.10; all ps>0.12; all 11p2 <0.03; Fig. 4d).

N1. There were no main effects or interactions on N1
amplitude (all Fs<1.16; all ps>0.33; all 71p2 <0.03;
Fig. 4b). A main effect of emotion on N1 latency emerged
[F(2,150)=4.38; p<0.05; np2 =0.06], but post-hoc t-tests
did not indicate significant differences between emotions.
However, there was a main effect of group [F(2,75)="7.74;
p<0.001; np2=0.17], with post-hoc t-tests indicating sig-
nificantly shorter N1 latencies in the DPG (110.3 ms; SE
2.0 ms) than in the CCG (118.4 ms; SE 1.9 ms; p <0.01) and
the NCG (121.7 ms; SE 2.3 ms; p <0.005), while the CCG
and NCG did not differ (p =0.28).

N170. There was a main effect of emotion on N170
amplitude [F(2,150)=9.34; p <0.001; np2 =0.11; Fig. 4c],
with larger amplitudes to fearful faces (— 1.64 pV; SE
0.52 uV) compared to neutral faces (— 1.00 puV; SE
0.49 uV; p<0.01) and sad faces (— 0.76 pV; 0.44 uVv;
p <0.001), whereas the N170 amplitudes to the latter
two emotions did not differ (p =0.27). No main effect of

Fig.3 Values of the atten- 70
tion networks for each group.
The higher the values, the less
efficiently the network functions
(DPG clinical group with DP,
CCG clinical control group 50
without DP, NCG non-clinical
control group)

60

40

30

20

Attention network score

10

-10
Alerting network

group and no group X emotion interaction emerged on
N170 amplitude (both Fs < 0.42; both ps>0.66; both
11p2<0.02). However, there were main effects of emo-
tion [F(2,150)=4.12; p <0.05; npz =0.05] and group
[F(2,75)=4.95; p<0.01; ’7p2= 0.12] on N170 latency.
This was shorter to neutral faces (159.8 ms; SE 1.5 ms)
than to fearful faces (161.8 ms; SE 1.4 ms; p < 0.01),
whereas N170 latency to sad faces (160.9 ms; SE 1.4 ms)
did not differ from that to the two other emotions (both
ps > 0.22). Furthermore, N170 latency was shorter in the
DPG (155.1 ms; SE 2.3 ms) than in the CCG (162.0 ms;
SE 2.2 ms; p <0.05) and the NCG (165.4 ms; SE 2.6 ms;
p <0.05), whereas CCG and NCG did not differ (p=0.31).

P2. There was no main effect of group and no interac-
tion (both Fs<0.57; both ps > 0.56; both np2<0.02), but
a main effect of emotion on P2 mean amplitude emerged
[F(2,150)=3.77; p<0.05; np2=0.05; Fig. 4c], with larger
amplitudes in fearful faces (12.93 pV; SE 0.59 uV) than in
neutral faces (12.31 pV; SE 0.52 pV; p <0.05). P2 ampli-
tudes to sad faces (12.45 pV; SE 0.57 uV) did not differ from
fearful or neutral faces (both p>0.12). In addition, a main
effect of emotion on P2 latency emerged [F(2,150)=4.69;
p<0.05; np2 =0.06], with latencies being longer in neutral
faces (300.7 ms; SE 3.0 ms) than in fearful faces (295.5 ms;
3.2 ms; p<0.05) and sad faces (295.2 ms; SE 3.2 ms;
p <0.05); latencies in fearful and sad faces did not differ
(p=0.91). There was no significant main effect of group
[F(2,75)=2.54; p=0.09; np2 =0.06], and no significant
interaction.

Nec. There were no main effects of group, no main effects
of emotion, and no group X emotion interactions on Nc
mean amplitude or latency (all F's < 1.96; all ps> 0.14; all
np2 <0.02; Fig. 4a).

DPG
mCCG
ONCG

Orienting network

Conflicting network
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Fig.4 Grand average waveforms of the three groups (DPG clinical faces and averaged across arrays of a central C, b centro-parietal CP,
group with DP, CCG clinical control group without DP, NCG non- ¢ parieto-occipital PO, and d occipital O electrodes. Waveforms are
clinical control group), stimulus-locked to the onset of the emotional shown separately for neutral, fearful, and sad faces, ERPs are marked
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Additional observation N170 latency (averaged across
all emotional faces) correlated significantly with the SDQ
subscale emotional problems (r=— 0.34, p=0.002), but not
with the other four SDQ subscales (SDQ conduct problems,
SDQ hyperactivity, SDQ peer interaction, SDQ prosocial
behavior; all ps>0.13). The same applied for the relation-
ship of N1 latency, which also correlated with the SDQ sub-
scale emotional problems (r=— 0.31, p=0.006), but not
with the other subscales.

Discussion

In the present study, we tested whether task-irrelevant emo-
tional faces have an effect on attentional performance in chil-
dren and adolescents with dysregulation profile captured by
the SDQ, using a modified ANT paradigm and ERP meas-
ures. The ANT results indicate that participants with DP
showed a less efficient orienting network compared to the
two control groups. As the orienting network is involved
in shifting attention to particular locations, less efficiency
might therefore allude to DP patients’ impairment in shifting
attention to a new location, which in turn may indicate an
imbalance between stimulus-driven (exogenous) and goal-
directed (endogenous) attentional processes in this network
(Meyer et al. 2018). The DP group did not differ from the
other groups in any other attentional network, suggesting
that DP does not affect attentional functions in general.
The analysis of the ERP data revealed differences regard-
ing the processing of emotional faces: Latencies of both N1
and N170 were significantly shorter in the DP group rela-
tive to non-DP controls. Such differences were not found
in P1 latency or in P2 and Nc latencies. Moreover, there
were no significant group differences in ERP amplitudes. N1
and N170 to facial stimuli have been associated with early
processes of selective attention and, more specifically, with
the structural decoding of facial expression (e.g., Bentin
et al. 1996; Eger et al. 2003; Pizzagalli et al. 1999; Righart
and de Gelder 2008). Thus, the shorter N1/N170 latencies
in the DP group suggest a faster processing of emotional
content compared to non-DP controls at a quite early stage
of face processing. From a more individual perspective of
emotional skills, it has been proposed that the N170 is sen-
sitive to a person’s emotional sensitivity and expressivity
(Meaux et al. 2014). More specifically, a significant negative
association was found between N170 latency and the Emo-
tional Sensitivity (ES) subscale score of the Social Skills
Inventory (SSI; Riggio 1986), suggesting that persons with
shorter N170 latencies show enhanced skills in decoding and
understanding emotional messages. On the other side of the
coin, however, it has been pointed out that persons with high
ES scores are more “concerned with and vigilant in observ-
ing the nonverbal emotional cues of others”, and that since

they are “able to decode emotional communication rapidly
and efficiently, they may be more susceptible to becoming
emotionally aroused by others” (Riggio 1986, p. 651; see
also Friedman and Riggio 1981). This could also be the case
with our DP patients. In contrast to our hypothesis, ERP dif-
ferences between groups did not depend on the emotional
expression of the faces at all. In particular, the observed
differences in N1/N170 latencies were equally pronounced
for negative and neutral emotions, suggesting that the faster
face processing of DP patients was evidently not modulated
by the emotional content per se. This observation is in line
with the behavioral ANT findings, according to which group
differences also did not depend on the emotional content of
the faces. Given that only negative (fearful and sad) and neu-
tral faces were used as pre-stimuli in the present study, the
question remains open whether the observed differences in
N1/N170 latencies between groups are confined to negative
emotions or can also be generalized to positive emotions.
Regarding the N1 results, it would be important to test in
future studies whether shorter latencies are also observed to
non-facial (emotional) stimuli. However, the fact that latency
differences were only found for N1/N170, and not for the
earlier P1 and the later P2 and Nc components, might indi-
cate that specific processes of facial encoding are affected
in DP patients.

As a mere side effect, we found clear-cut effects of emo-
tion on N170 and P2, both of which were larger in amplitude
to fearful faces than to neutral faces. The modulation of the
N170 amplitude is in line with other studies using emotional
faces as distractors and showing robust emotion effects at
the level of the N170 component (Hinojosa et al. 2015).
We could replicate results on the N170 for fearful facial
expressions used in our study (Almeida et al. 2014; Baggott
et al. 2011; Denefrio et al. 2017; Jiang et al. 2009; Mac-
Namara et al. 2012; Miiller-Bardorff et al. 2016; Peschard
et al. 2013). Emotional effects seem to have marked influ-
ence on the P2, which was also shown here (e.g., Calvo
et al. 2013; Carretié et al. 2012; Jaworska et al. 2012). In
addition, latency effects emerged, with longer N170 laten-
cies and shorter P2 latencies to fearful than to neutral faces.
These effects are in line with a number of previous findings
(e.g., Batty and Taylor 2003; Eimer and Holmes 2007; Lep-
panen et al. 2007; Righart and de Gelder 2008; Meaux et al.
2014), and demonstrate the impact of emotional content on
the structural encoding of faces as well as visual attention
to emotional stimuli.

Support for our results comes from studies in patients
reporting severe mood dysregulation (SMD). There is a
great overlap of symptoms between patients with the DP
described here and patients with SMD, e.g., regarding irri-
tability and mood swings as well as depressive symptoms
(Holtmann et al. 2011; Juksch et al. 2011). fMRI research
in SMD patients showed a hypersensitivity towards
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negative facial stimuli (Tseng et al. 2016). The authors
linked these findings to the patients’ higher irritability
and anxiety symptoms. A further study by Hommer et al.
(2014) showed that children and adolescents with SMD
have an attention bias towards threatening faces, which
also corresponds to our findings. Future research might
therefore address attentional bias modification as a poten-
tial treatment for children and adolescents with DP.

When interpreting the present results, a few limiting
factors have to be considered: The study was conducted
in a naturalist inpatient treatment setting and is observa-
tional in nature. We did not match controls and patients
according to age, sex and 1Q. Therefore, differences in
the samples emerged regarding gender distribution and
IQ, potentially limiting the comparability of the results.
Furthermore, the healthy controls were only screened for
mental disorders, and did not undergo a structured clinical
assessment; accordingly, they may have had mental health
problems which we did not capture with the screening,
thus potentially impacting the results. Finally, our findings
show that N170 and N1 latencies correlate with the SDQ
subscale “emotional problems”, suggesting that emotional
problems have a greater influence on our data than do con-
duct problems or hyperactivity. Further studies are needed
to further explore the reciprocal relationship of emotion
and attention in these patient groups.

In conclusion, the present study aimed to link atten-
tional processes and emotion regulation in patients with
DP, contrasting behavioral and EEG data of a clinical and
healthy control group in a modified version of the ANT.
Two characteristic traits of adolescents with DP emerged:
While executive attentional performance was, contrary
to expectations, only slightly behaviorally modulated
by emotional distractors, adolescents with DP showed
a severe deficient stimulus-driven orienting function. In
addition the ERPs provided evidence for a faster process-
ing of emotional distractors, which, however, is accompa-
nied by a lower processing level.
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