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A B S T R A C T

Background: Emotional dysregulation (ED) is a trans-nosographical condition
characterized by mood instability, severe irritability, aggression, temper outburst, and hyper-arousal. Pathophysiology of emotional dysregulation and its potential
biomarkers are an emerging field of interest. A Child Behaviour Checklist (CBCL) profile, defined as Dysregulation Profile (DP), has been correlated to ED in youth.
We examined the association between the CBCL-DP and indices of sympathetic arousal in children with Oppositional Defiant Disorder (ODD) and healthy controls.
Method: The current study sought to compare the arousal level measured via electrodermal activity in response to emotional stimuli in three non-overlapping groups
of children: (1) ODD+CBCL-DP (n=28), (2) ODD without CBCL-DP (n=35), and (3) typically developing controls (n=25).
Results: Analyses revealed a distinct electrodermal activity profile in the three groups. Specifically, children with ODD+CBCL-DP presented higher levels of sym-
pathetic arousal for anger and sadness stimuli compared to the other two groups.
Limitations: The relatively small sample and the lack of assessing causality limit the generalizability of this study which results need to be replicated in larger,
different samples.
Conclusion: The CBCL-DP was associated to higher levels of arousal for negative emotions, consistently with previous reports in individuals with depression and
anxiety. Further work may identify potential longitudinal relationships between this profile and clinical outcomes.

1. Introduction

Children with severe dysregulation of emotions and behavior, mood
instability, irritability, aggression, temper outburst, and hyperarousal
are still a diagnostic challenge in clinical practice, not completely fitting
any of the current clinical categories, including Disruptive Behavior
Disorders (DBD) or Mood Disorders (MD) (Stringaris and
Goodman, 2009). The Child Behavior Checklist (CBCL), one of the most
used instruments for assessment of developmental psychopathology
(Achenbach and Rescorla, 2004), has been considered a possible tool
for identifying children with these features, using the Child Behavior
Check List-Dysregulation Profile (CBCL-DP) (Rescorla et al., 2018).
Accordingly, the CBCL-DP has become widely regarded as a measure of
emotional/behavioral dysregulation (Aitken et al., 2019; Althoff et al.,
2012, 2010b,a; Ayer et al., 2009; Holtmann et al., 2011; Kim et al.,
2012). Several studies with different populations suggested that the
CBCL-DP might be considered as an early developmental trait char-
acterized by impaired self-regulation of affect and behavior leading

children to respond emotionally to the environmental stimuli
(McQuillan et al., 2018). Overall, it converges with the general factor of
psychopathology (Haltigan et al., 2018), and it has been used to iden-
tify children at high risk for severe psychopathology (Bellani et al.,
2012). Also, it may predict future poor adjustment and negative out-
comes, as suicidality or self-harm, substance abuse or personality dis-
orders (De Caluwé et al., 2013; Holtmann et al., 2011). In children with
ADHD, the CBCL-DP might predict worse psychosocial functioning, and
be associated with clinically significant impairments (Biederman et al.,
2018, 2009; Diler et al., 2009; Faraone et al., 2019; Peyre et al., 2015).

Oppositional defiant disorder (ODD) in youth is a strong predictor of
mental illness, with a wide range of possible current or developmental
associations with other psychiatric disorders (Stringaris and
Goodman, 2009). An analysis of prevalent dimensions of ODD shed
light on these possible associations, namely the irritable dimension,
firstly identified as the only predictor of emotional disorders
(Stringaris and Goodman, 2009). Researchers have also demonstrated
that irritability as a distinct dimension within ODD symptoms robustly
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predicts depression and anxiety (Burke and Loeber, 2010; Burke, 2012;
Burke et al., 2010; Hipwell et al., 2011; Maughan; et al., 2010;
Stringaris et al., 2009). Studies also demonstrated that irritability
symptoms may distinguish groups of children and that those with ir-
ritability are at greater risk for depression and anxiety in adulthood
(Burke, 2012; Kuny et al., 2013). Consistently, our previous study found
that CBCL-DP score was the only significant predictor of a mood dis-
order at 14–15 years in a sample of children aged 8 to 9 years with ODD
(Masi et al., 2015b). Furthermore, in another sample of youth with
ODD, greater CBCL-DP scores were associated to higher levels of auto-
aggression, even when controlled for the levels of aggression against
others and other covariates (Muratori et al., 2017). These findings
support the notion that ODD with Emotional Dysregulation may re-
present a clinical category with peculiar clinical and developmental
features, which may more closely be addressed using possible biological
markers.

Although growing research described the clinical features of chil-
dren with high scores on the CBCL-DP worldwide (Rescorla et al.,
2018), few studies had examined its biological correlates. A pilot study
including a small sample of typical children revealed a significant
correlation between glutamate concentrations in the anterior cingulate
cortex (ACC), a crucial hub for affect regulation (Stevens et al., 2011),
and CBCL-DP score (Wozniak et al., 2012). McGough et al. (2013),
using electroencephalography, revealed distinct patterns of underlying
neural dysfunction in CBCL/DP that might represent a sort of bio-
signature of emotional dysregulation. These patterns were similar to
those associated with melancholic temperament and depression (Grin-
Yatsenko et al., 2009; Robinson, 2001). Finally, Deutz et al. (2018)
indicated that elevated levels of heart rate reactivity might be a char-
acteristic in a clinically relevant dysregulated subgroup of children
referred for their externalizing behavioral problems.

Electrodermal activity is a well-established noninvasive method to
measure the autonomic reactivity, which is a neurobiological correlate
of emotion regulation. Differences in the electrical conductance of the
skin are measured under the umbrella term of electrodermal activity,
which is also known as skin conductance response (SCR). The SCR is
often considered as one of the most useful indices of sympathetic
arousal because, in comparison to other measurements, such as heart
rate, it is not contaminated by parasympathetic activity (Lampinen
et al., 2018; Schulte-Mecklenbeck et al., 2011). Therefore, the SCR has
been widely used as an index of arousal reactions induced by emo-
tionally evocative stimuli (see for instance, Taskiran et al., 2018), as in
the current study.

1.1. The current study

In line with all these findings, our study explored whether children
with ODD and CBCL-DP, compared with ODD without CBCL-DP and
healthy controls, might be characterized by a specific SCR profile. We
hypothesized that the ODD+CBCL-DP group would be associated to
higher levels of arousal for stimuli of negative emotions (anger, sad-
ness, and fear), as previously demonstrated in subjects with depression
and anxiety (Monk et al., 2001; Smith et al., 2005; Woltering and Shi,
2016). Given the possible clinical and developmental implications of
emotional dysregulation in youth with ODD, namely the risk of mood
disorders, the identification of possible physiological underpinnings in
this specific population with uncertain boundaries may lead clinicians
to a timely and focused recognition, and to more specific therapeutic
strategies to prevent adverse outcomes.

2. Method

2.1. Participants and procedure

The current study included 88 male participants ranging from 7 to
11 years of age, recruited from a psychiatric hospital and from a

community school, both located in Pisa (Italy). Subjects were recruited
from January 2018 to December 2018, and they received identical di-
agnostic, cognitive, and SCR procedures. The inclusion criteria for the
clinical sample were: primary diagnosis of ODD, and male gender. The
clinical sample included children who were receiving first psychiatry
evaluation, and they were free from medication at the moment of this
assessment. The subjects in the control sample were gender and age-
matched with clinical subjects. Exclusion criteria for all groups included
an estimated full-scale intelligence <80, a lifetime history of autism
spectrum disorders, and any current history of major depression or
panic disorder. The a priori power analysis, using the *Power 3.1.9
(Faul et al., 2007), indicated a sample size of 84 to test our hypothesis
(effect size settled at 0.40, p-value fixed at < 0.05, and a power >
0.90).

The sample received a systematic evaluation. Specifically, trained
child psychiatrists administered separately to parents and youth a di-
agnostic clinical interview, the Schedule for Affective Disorders and
Schizophrenia for School- Age Children- Present and Lifetime Version
(K-SADS-PL) (Kaufman et al., 1997), while parents completed also the
CBCL. Cognitive abilities in all participants were assessed with the
Wechsler Intelligence Scales for Children – 4th Ed (WISC-IV)
(Wechsler et al., 2012).

To the purposes of the current study, using baseline data available
on our total sample, we created three non-overlapping groups of sub-
jects: children with ODD and the CBCL-DP (ODD/DP+) (n=28),
children with ODD without CBCL-DP (ODD/DP−) (n=35), and a
control sample of typically developing children without ODD and
without the CBCL-DP (n=25). In the two ODD subsamples, 9 and 8
subjects respectively had ADHD comorbidity. All families were Italian
speaking, and all children were Caucasian. All parents and participants
provided written permission/assent prior to the initiation of any study.
The study conformed to Declaration of Helsinki, and the Ethical
Committee of our Hospital approved the study.

2.2. Measures

2.2.1. Categorical diagnosis
Child psychiatrists administered separately to the children and their

parents the clinical interview K-SADS PL (Kaufman et al., 1997), which
explores the presence or absence of each symptom according to DSM-IV
criteria. The mean rate of inter-rater agreement was 0.85 k of Cohen.

2.2.2. Emotional dysregulation
Parents completed the CBCL for each participant (Achenbach and

Rescorla, 2004). The CBCL-DP was defined categorically in individuals
with the sum of T scores ≥ 210 on the Attention Problems, Aggression,
and Anxious/Depressed subscales. Although other approaches have
been used to assess the presence/absence of CBCL-DP, the current ap-
proach has received increasing support. In fact, several studies sup-
ported its factorial structure, gender invariance, reliability and clinical
utility (Deutz et al., 2016; Geeraerts et al., 2015; Haltigan et al., 2018;
Joshi et al., 2018; Uchida et al., 2014). In the current sample, the re-
liability coefficients (Cronbach) of CBCL Attention Problems, Aggres-
sion, and Anxious/Depressed subscales were: 0.82, 0.81 and 0.82, re-
spectively.

2.2.3. Intellectual functioning
Cognitive abilities were assessed with the Wechsler Intelligence

Scales for Children – 4th Ed. (Wechsler et al., 2012). We reported the
mean of total score of IQ for each group in Table 1.

2.2.4. Skin conductance response
Sympathetic arousal was assessed by electrodermal activity signal,

which has been obtained with the aid of the minimally obtrusive
wireless sensor Shimmer3 GSR+ Unit by Shimmer Sensing, Inc.
(Dublin, Ireland). The Shimmer GSR+ monitored skin conductivity
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between two reusable electrodes attached to two fingers of the child's
non-dominant hand. The acquisition-sampling rate, according to the
specifications of the manufacturer, was 51.2 Hz. Electrodermal activity
has been recorded while children were comfortably sat on a chair and
were presented with emotionally salient stimuli on a 22-inch flat screen
monitor. The stimuli were images from the NimStim Set of Facial
Expressions (Tottenham et al., 2009), which consisted of naturally posed
photographs of professional actors. Actors were instructed to make
different facial expressions. We selected imaging depicting happy, sad,
angry, fearful, disgusted expressions. We used photographs of 4 actors,
2 males and 2 females. The authors of this set of images tested the
percentage of emotion recognition for each expression
(Tottenham et al., 2009). The faces were presented on a black back-
ground. Subjects were presented with 24 images (4 actors, each dis-
playing 6 emotional expressions). Each stimulus was presented in-
dividually for 4 s and the order of the stimuli was randomized across
actors and emotions. The stimuli were interspersed with grey crosses on
a black background lasting 20 s. The electrodermal activity signal
analysis was performed using the MATLAB (v. R2018a, The Math-
Works, Inc., Natick, MA, USA)-based Ledalab software v.3.4.9
(Benedek and Kaernbach, 2010). Changes in SCR were determined by
subtracting the activity in the 1 s before the photograph started to be
shown from that occurring during the presentation of the photograph.
More specifically, the SCR was scored as the largest increase in con-
ductance between 1 and 6 s after the beginning of the photograph
presentation compared to the mean activity in a 1s pre-stimulus base-
line interval (Wieser et al., 2009).

3. Data analysis

Statistical tests were run in SPSS 21.0. Since there were significant
differences in the means of the total problem score of the CBCL among
groups, the CBCL total score was used as a covariate in all analyses.
Separate univariate analyses of variance with covariates (ANCOVAs)
were conducted using group as the independent variable, the SCR to the
various stimuli as dependent variables, and the CBCL total score as
covariate. Post-hoc comparisons (Tukey test) were used when the uni-
variate ANCOVAs were significant (p < .05) to determine pairwise
differences between groups. The data that support the findings of this
study are available from the corresponding author upon reasonable
request.

4. Results

Table 1 shows the characteristics of the three groups of children.
The groups did not differ in age, IQ and income, but the ODD/DP+
group reported higher values in the total score of the CBCL than the
other two groups. The ODD/DP+ group scored significantly higher on
other CBCL total score compared to ODD/DP- group, while both of
these had significantly higher CBCL total scores than controls (all dif-
ferences p < .05).

Analyses revealed a distinct SCR profile in ODD/DP+ participants
compared with controls or ODD/DP− (see Figs. 1 and 2). Specifically,

the groups exhibited differences in SCR to anger (F=5.16; p = .008)
and SCR to sadness (F=6.36; p= .003). Post-hoc pairwise compar-
isons indicated that, for both emotions, the ODD/DP+ was significantly
more aroused than the ODD/DP- and the control group (p < .01),
whereas there were no differences in SCR to anger and SCR to sadness
profiles between ODD/DP- and control group. No differences emerged
among groups when we used SCR to the other emotional stimuli as
dependent variables.

5. Discussion

In this study, we examined the SCR profile, a marker of sympathetic
arousal, in relation to the CBCL-DP, in a sample of 7 to 11-year old
children with ODD. Our results suggested that the ODD/DP+ group has
a unique profile characterized by a higher sympathetic arousal for
anger and sadness stimuli that differentiates it from both the ODD/DP-
and the typical children groups. This finding suggests that the CBCL-DP
could identify ODD patients with specific biological profiles that are
distinct from ODD alone. In this context, it is relevant that our results
were controlled for the possible confounder of the global levels of be-
havioral problems, as measured by the CBCL total problem score.

Recently, we pointed out the importance of assessing the CBCL-DP
in ODD patients, likely to be a key feature in their psychopathology
(Masi et al., 2015a), and an early marker for subsequent mood disorder
(Masi et al., 2015b). An association between CBCL-DP and the risk of
later mood disorders has been also found in at-risk populations (for a
review about CBCL-DP and adult psychopathology, see Bellani et al.,
2012). For instance, Meyer et al. (2009), in a 23-year longitudinal study
conducted on a sample of 101 youths at risk for major mood disorders,
found that children with the CBCL-DP were more likely to develop se-
vere psychiatric symptoms, including emotional comorbidities and bi-
polar disorder in young adulthood. Similarly, in a sample of 325 chil-
dren, higher CBCL-DP scores during childhood were associated with
increased rates of mood disorders and suicidality 19 years later
(Holtmann et al., 2011). Finally, Biederman et al. (2013) reported
comparable relations in an ADHD sample.

In line with these findings, our ODD/CBCL+DP group was char-
acterized by elevated levels of arousal for negative emotions (anger and
sadness), as has been consistently demonstrated with depression and
anxiety (Monk et al., 2001; Smith et al., 2005; Woltering and Shi,
2016). Furthermore, sympathetic over-arousal has been associated with
internalizing symptoms in children with externalizing behaviors (Fanti,
2018; Scarpa et al., 2010; Schoorl et al., 2016), and has been suggested
to explain the co-occurrence between aggression and anxiety
(Bubier and Drabick, 2009).

In the present study, none of the ODD children had full criteria for
mood or anxiety disorders diagnosis, but, given the high arousal, we
could hypothesize an increased risk for comorbid anxiety/depression,
supporting the prognostic value of CBCL-DP across spectra
(Maughan et al., 2004). Because of its empirical nature, its excellent
psychometric properties, and its ease of use as a paper and pencil in-
strument, the DP of the CBCL may be a reliable measure for the iden-
tification of children with these characteristics, especially in routine

Table 1
Characteristics of the samples.

ODD/DP+N=28 ODD/DP-N=35 TD N=25 F o χ2 p

Age, y 9.04 (0.97) 9.34 (1.18) 9.00 (1.53) F=0.210 NS
CBCL TOT 70.19 (4.17) 63.86 (3.13) 54.61 (2.19) F=108.86 .000
IQ WISC IV 101.38 (6.50) 101.50 (7.75) 101.83 (5.96) F=0.021 NS
Family income, euros 17.450 (1.77) 18.780 (1.89) 19.310 (1.50) F=0.788 NS
ADHD comorbidity, N 8 9 _ χ2=0.064 NS

Notes. CBCL TOT: Child Behavior Checklist Total Problems; IQ WISC IV: Wechsler Intelligence Scale for Children Fourth Edition full scale Intelligence Quotient;
ADHD comorbidity comparison was conducted only for the clinical samples. ODD/DP+ group has CBCL TOT score higher than ODD/DP- group (p< .05) and than
TD group (p < .00); ODD/DP- group has CBCL TOT score higher than TD group (p < .01).
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Fig. 1. SCR for angry faces.
Notes. **p < .001.

Fig. 2. SCR for sad faces.
Notes. **p < .001.
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care services.
Our study did not find SCR differences between ODD/DP− and

control groups. In other words, ODD/DP+ had a unique signature,
whereas ODD alone did not have.

Importantly, the autonomic response to emotional stimuli is regu-
lated by the sympathetic and parasympathetic nervous systems which
operate synergically. According to the “fight-or-flight” response, the
response to a stressful stimulus is marked by physical changes, in-
cluding nervous and endocrine changes, that prepare a human or an
animal to react or to retreat. In particular, the “fight” behavior is cor-
related by activation of the sympathetic nervous system while the
“flight” response is mainly linked to parasympathetic activation.
Notably, during the reaction, the intensity of emotion that is brought on
by the stimulus also determine the nature and intensity of the beha-
vioral response (Kop et al., 2011). While an excessive “fight” response
may be manifested in angry or argumentative behavior; an excessive
“flight” response may be manifested through social withdrawal or
substance abuse. In the context of the “fight-or-flight” response, emo-
tional regulation is used proactively to avoid threats of stress or to
control the level of emotional arousal. Thus, individuals with emotional
dysregulation may be prone to anxiety and aggression. Our results of
increased SCR in ODD/DP+ compared to healthy controls and ODD/
DP- could suggest an imbalance of the “fight-or-flight” response to-
wards an increased level of sympathetic activation in this specific
subgroup, which may due to an impairment in emotional regulation. If,
confirmed, this finding suggests that the dysregulated dimension of the
ODD may present a clear bio-correlate as seen in recent articles on SCR
on cognitively normal subjects (Wang et al., 2018) and psychiatric
patients (Ameller et al., 2017). Further studies disentangling ODD
samples for other dimensions (e.g. headstrong and hurtful), as well as
for clinical severity, may help to further explore other possible biolo-
gical specificities.

The use of tools for the monitoring of physiological signals is of
outstanding importance in psychiatry. Indeed, these systems may be
able to acquire objective measures to identify symptoms associated
with the specific disorder. In particular, SCR is one of the most fre-
quently used methods in psychophysiology for the assessment of sym-
pathetic responses (Fontanella et al., 2012), due to fairly simple
methodology, ease of measurement, and high re-test reliability. Im-
portantly, wireless technologies provide the opportunity to easily
achieve the monitoring of such signals in a non-intrusive way; there-
fore, they are particularly relevant for young patients who may be less
compliant to conventional monitoring techniques (Crifaci et al., 2013;
Di Palma et al., 2017). Despite the great advantages that wearable so-
lutions could provide if used in clinical routine, they are still mainly
applied in dedicated programmes and at the pilot level. Barriers of
implementation of wearable technologies in healthcare systems are
mainly due to the structure and care delivery models of the healthcare
system, and from the immaturity of the technological solutions existing
today (Lewy, 2015). As far as the healthcare system is concerned, today
it is commonly dispersed, not allowing sharing of information and care.
Since wearable technologies aim to provide information that integrates
data from different sources, complement the clinical data and generate
new knowledge, implementing these technologies will require changing
the model of delivery of care from a fragmented delivery focusing on
disease-specific care to new more inclusive models of care. In parti-
cular, intervention modalities of care should consider the individual's
preferences and needs, and provide data to all care providers such as
behavioral, functional and mental information. From a technological
point of view, a barrier in the application of wearable systems in clin-
ical routine consists in the fact that they usually require additional time,
education and training to be used, thus increasing the workload and
cost for organizations. For this reason, it is important to implement
technologies that are easy to use by the healthcare professional and that
can be implemented as part of the best practice and workflow to en-
hance adoption by the care providers. Finally, it is necessary that the

wearable devices consider standardization, privacy and security issues,
and interoperability to be applied in clinical routine.

The study has several limitations. Although well selected, the
findings were based on a relatively small number of participants. The
relations of SCR findings to the CBCL-DP require confirmation in larger
samples that include female subjects, broader age ranges and children
with other psychiatric diagnoses. Larger clinical samples would also
offer the opportunity to identify additional subtypes of ODD, with
sympathetic arousal correlates potentially different from CBCL-DP
profiles. Furthermore, causality cannot be determined from this study,
since our findings are exploratory rather than explanatory, and re-
plication in different samples is needed. However, it seemed that al-
tered arousal predicts subsequent psychiatric problems rather than vice
versa (Latvala et al., 2016; Portnoy and Farrington, 2015). Finally, in
youth with conduct problems, also the presence of high Callous Un-
emotional (CU) traits has been considered an important clinical di-
mension with specific prognostic implications (Frick et al., 2014). Si-
milarly, to the presence of CBCL-DP, also CU traits identify a subgroup
of individuals with distinctive neurocognitive characteristics
(Pisano et al., 2017). Theoretically, children with high levels of CU
traits show and persist in behavioral problems due to emotional hy-
poactivity, whereas children with CBCL-DP do so due to their emotional
hyperactivation. Unfortunately, the small sample size did not permit us
to test this hypothesis in the current study.

6. Conclusions

Some clinical implications of these findings can be proposed. Firstly,
our findings add evidences to the CBCL-DP as a cross-disorder dimen-
sional measure of psychopathology with specific biological correlates.
Secondly, our findings indicate that a clinical index (CBCL-DP) is as-
sociated with increased emotional reactivity, and might be character-
istic for a clinically relevant subgroup of ODD children. Further studies
are needed for a better validation of these findings in other clinical
populations with different categorical diagnoses, in order to better
specify the respective roles of the emotional dysregulation and of the
psychiatric diagnosis. However, if confirmed, these findings on the role
of SCR may ultimately help timely and reliable diagnoses, as well as
focused treatment strategies for specific subgroups of patients. Further
studies should explore whether the identified SCR profiles for ODD/DP
+ may represent a possible predictor for treatment response, or a
moderator of clinical outcomes, in children with behavioral problems
(Masi et al., 2016). An integration of behavioral and brain-based ob-
jective approaches in clinical decision-making is a new window of op-
portunity for improving our diagnostic, preventative and therapeutic
possibilities for emotional and behavioral problems in children.

Funding

This work was supported by the Italian Ministry of Health under
Grant RC 2014–2016. This work was also supported by grant from the
IRCCS Fondazione Stella Maris (Ricerca Corrente and the ‘5 × 1000’
voluntary contributions, Italian Ministry of Health).

Conflict of interest

Dr. Masi was in advisory boards for Eli Lilly, Shire and Angelini, has
received research grants from Eli Lilly, Shire and Lundbeck, and has
been speaker for Eli Lilly, Shire, Lundbeck, Otsuka, and FB Health.
None of the other authors has any conflict of interest related to this
manuscript.

CRediT authorship contribution statement

Alessandro Tonacci: Writing - original draft, Formal analysis,
Writing - review & editing. Lucia Billeci: Writing - original draft,

A. Tonacci, et al. Journal of Affective Disorders 257 (2019) 207–213

211



Conceptualization, Writing - review & editing. Sara Calderoni:
Methodology, Writing - review & editing. Valentina Levantini: Data
curation, Writing - review & editing. Gabriele Masi: Methodology,
Writing - review & editing. Annarita Milone: Methodology, Writing -
review & editing. Simone Pisano: Methodology, Writing - review &
editing. Pietro Muratori: Writing - original draft, Conceptualization,
Writing - review & editing.

Data for reference

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

References

Achenbach, T.M., Rescorla, L.A., 2004. The Achenbach system of empirically based as-
sessment (ASEBA) for ages 1.5 to 18 Years. The Use Psychol. Test. Treat. Plan.
Outcomes Assess. Vol. 2, third ed. Instruments Child. Adolesc.

Aitken, M., Battaglia, M., Marino, C., Mahendran, N., Andrade, B.F., 2019. Clinical utility
of the CBCL Dysregulation Profile in children with disruptive behavior. J. Affect.
Disord. 253, 87–95. https://doi.org/10.1016/J.JAD.2019.04.034.

Althoff, R.R., Ayer, L.A., Crehan, E.T., Rettew, D.C., Baer, J.R., Hudziak, J.J., 2012.
Temperamental profiles of dysregulated children. Child Psychiatry Hum. Dev.
https://doi.org/10.1007/s10578-012-0280-7.

Althoff, R.R., Rettew, D.C., Ayer, L.A., Hudziak, J.J., 2010a. Cross-informant agreement
of the Dysregulation Profile of the Child Behavior Checklist. Psychiatry Res. https://
doi.org/10.1016/j.psychres.2010.05.002.

Althoff, R.R., Verhulst, F.C., Rettew, D.C., Hudziak, J.J., Van Der Ende, J., 2010b. Adult
outcomes of childhood dysregulation: a 14-year follow-up study. J. Am. Acad. Child
Adolesc. Psychiatry. https://doi.org/10.1016/j.jaac.2010.08.006.

Ameller, A., Picard, A., D'Hondt, F., Vaiva, G., Thomas, P., Pins, D., 2017. Implicit re-
cognition of familiar and unfamiliar faces in schizophrenia: a study of the skin con-
ductance response in familiarity disorders. Front. Psychiatry 8, 181. https://doi.org/
10.3389/fpsyt.2017.00181.

Ayer, L., Althoff, R., Ivanova, M., Rettew, D., Waxler, E., Sulman, J., Hudziak, J., 2009.
Child behavior checklist juvenile bipolar disorder (CBCL-JBD) and CBCL posttrau-
matic stress problems (CBCL-PTSP) scales are measures of a single dysregulatory
syndrome. J. Child Psychol. Psychiatry Allied Discip. https://doi.org/10.1111/j.
1469-7610.2009.02089.x.

Bellani, M., Negri, G.A.L., Brambilla, P., 2012. The dysregulation profile in children and
adolescents: a potential index for major psychopathology? Epidemiol. Psychiatr. Sci.
https://doi.org/10.1017/S2045796011000849.

Benedek, M., Kaernbach, C., 2010. A continuous measure of phasic electrodermal activity.
J. Neurosci. Methods. https://doi.org/10.1016/j.jneumeth.2010.04.028.

Biederman, J., Chan, J., Faraone, S.V., Woodworth, K.Y., Spencer, T.J., Wozniak, J.R.,
2018. A familial risk analysis of emotional dysregulation: a controlled study. J. Atten.
Disord. 22, 848–854. https://doi.org/10.1177/1087054715596576.

Biederman, J., Martelon, M., Faraone, S.V., Woodworth, K.Y., Spencer, T.J., Wozniak,
J.R., 2013. Personal and familial correlates of bipolar (BP)-I disorder in children with
a diagnosis of BP-I disorder with a positive child behavior checklist (CBCL)-severe
dysregulation profile: a controlled study. J. Affect. Disord. 147, 164–170. https://doi.
org/10.1016/J.JAD.2012.10.028.

Biederman, J., Petty, C.R., Monuteaux, M.C., Evans, M., Parcell, T., Faraone, S.V.,
Wozniak, J., 2009. The child behavior checklist-pediatric bipolar disorder profile
predicts a subsequent diagnosis of bipolar disorder and associated impairments in
ADHD youth growing up: a longitudinal analysis. J. Clin. Psychiatry. https://doi.
org/10.4088/JCP.08m04821.

Bubier, J.L., Drabick, D.A.G., 2009. Co-occurring anxiety and disruptive behavior dis-
orders: the roles of anxious symptoms, reactive aggression, and shared risk processes.
Clin. Psychol. Rev. https://doi.org/10.1016/j.cpr.2009.08.005.

Burke, J., Loeber, R., 2010. Oppositional defiant disorder and the explanation of the
comorbidity between behavioral disorders and depression. Clin. Psychol. Sci. Pract.
17, 319–326. https://doi.org/10.1111/j.1468-2850.2010.01223.x.

Burke, J.D., 2012. An affective dimension within oppositional defiant disorder symptoms
among boys: personality and psychopathology outcomes into early adulthood. J.
Child Psychol. Psychiatry 53, 1176–1183. https://doi.org/10.1111/j.1469-7610.
2012.02598.x.

Burke, J.D., Hipwell, A.E., Loeber, R., 2010. Dimensions of oppositional defiant disorder
as predictors of depression and conduct disorder in preadolescent girls. J. Am. Acad.
Child Adolesc. Psychiatry 49, 484–492. https://doi.org/10.1016/J.JAAC.2010.01.
016.

Crifaci, G., Billeci, L., Tartarisco, G., Balocchi, R., Pioggia, G., Brunori, E., Maestro, S.,
Morales, M.A., 2013. ECG and GSR measure and analysis using wearable systems:
application in anorexia nervosa adolescents. In: 2013 8th International Symposium
on Image and Signal Processing and Analysis (ISPA). IEEE, pp. 499–504. https://doi.
org/10.1109/ISPA.2013.6703792.

De Caluwé, E., Decuyper, M., De Clercq, B., 2013. The child behavior checklist dysre-
gulation profile predicts adolescent DSM-5 pathological personality traits 4 years
later. Eur. Child Adolesc. Psychiatry 22, 401–411. https://doi.org/10.1007/s00787-
013-0379-9.

Deutz, M.H.F., Geeraerts, S.B., van Baar, A.L., Deković, M., Prinzie, P., 2016. The

Dysregulation Profile in middle childhood and adolescence across reporters: factor
structure, measurement invariance, and links with self-harm and suicidal ideation.
Eur. Child Adolesc. Psychiatry. https://doi.org/10.1007/s00787-015-0745-x.

Deutz, M.H.F., Woltering, S., Vossen, H.G.M., Deković, M., van Baar, A.L., Prinzie, P.,
2018. Underlying psychophysiology of dysregulation: resting heart rate and heart
rate reactivity in relation to childhood dysregulation. J. Am. Acad. Child Adolesc.
Psychiatry. https://doi.org/10.1016/J.JAAC.2018.09.434.

Di Palma, S., Tonacci, A., Narzisi, A., Domenici, C., Pioggia, G., Muratori, F., Billeci, L.,
2017. Monitoring of autonomic response to sociocognitive tasks during treatment in
children with Autism Spectrum Disorders by wearable technologies: a feasibility
study. Comput. Biol. Med. 85, 143–152. https://doi.org/10.1016/J.COMPBIOMED.
2016.04.001.

Diler, R.S., Birmaher, B., Axelson, D., Goldstein, B., Gill, M., Strober, M., Kolko, D.J.,
Goldstein, T.R., Hunt, J., Yang, M., Ryan, N.D., Iyengar, S., Dahl, R.E., Dorn, L.D.,
Keller, M.B., 2009. The child behavior checklist (CBCL) and the CBCL-bipolar phe-
notype are not useful in diagnosing pediatric bipolar disorder. J. Child Adolesc.
Psychopharmacol. 19, 23–30. https://doi.org/10.1089/cap.2008.067.

Fanti, K.A., 2018. Understanding heterogeneity in conduct disorder: a review of psy-
chophysiological studies. Neurosci. Biobehav. Rev. https://doi.org/10.1016/j.
neubiorev.2016.09.022.

Faraone, S.V., Rostain, A.L., Blader, J., Busch, B., Childress, A.C., Connor, D.F., Newcorn,
J.H., 2019. Practitioner review: emotional dysregulation in attention-deficit/hyper-
activity disorder - implications for clinical recognition and intervention. J. Child
Psychol. Psychiatry 60, 133–150. https://doi.org/10.1111/jcpp.12899.

Faul, F., Erdfelder, E., Lang, A.-G., Buchner, A., 2007. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behav.
Res. Methods 39, 175–191. https://doi.org/10.3758/BF03193146.

Fontanella, L., Ippoliti, L., Merla, A., 2012. Multiresolution Karhunen Loéve analysis of
galvanic skin response for psycho-physiological studies. Metrika. https://doi.org/10.
1007/s00184-010-0327-3.

Frick, P.J., Ray, J.V., Thornton, L.C., Kahn, R.E., 2014. Can callous-unemotional traits
enhance the understanding, diagnosis, and treatment of serious conduct problems in
children and adolescents? A comprehensive review. Psychol. Bull. 140, 1–57. https://
doi.org/10.1037/a0033076.

Geeraerts, S.B., Deutz, M.H.F., Deković, M., Bunte, T., Schoemaker, K., Espy, K.A., Prinzie,
P., Van Baar, A., Matthys, W., 2015. The child behavior checklist dysregulation
profile in preschool children: a broad dysregulation syndrome. J. Am. Acad. Child
Adolesc. Psychiatry. https://doi.org/10.1016/j.jaac.2015.04.012.

Grin-Yatsenko, V.A., Baas, I., Ponomarev, V.A., Kropotov, J.D., 2009. EEG power spectra
at early stages of depressive disorders. J. Clin. Neurophysiol. 26, 401–406. https://
doi.org/10.1097/WNP.0b013e3181c298fe.

Haltigan, J.D., Aitken, M., Skilling, T., Henderson, J., Hawke, L., Battaglia, M., Strauss, J.,
Szatmari, P., Andrade, B.F., 2018. “P” and “DP'': examining symptom-level bifactor
models of psychopathology and dysregulation in clinically referred children and
adolescents. J. Am. Acad. Child Adolesc. Psychiatry. https://doi.org/10.1016/j.jaac.
2018.03.010.

Hipwell, A.E., Stepp, S., Feng, X., Burke, J., Battista, D.R., Loeber, R., Keenan, K., 2011.
Impact of oppositional defiant disorder dimensions on the temporal ordering of
conduct problems and depression across childhood and adolescence in girls. J. Child
Psychol. Psychiatry 52, 1099–1108. https://doi.org/10.1111/j.1469-7610.2011.
02448.x.

Holtmann, M., Buchmann, A.F., Esser, G., Schmidt, M.H., Banaschewski, T., Laucht, M.,
2011. The child behavior checklist-dysregulation profile predicts substance use,
suicidality, and functional impairment: a longitudinal analysis. J. Child Psychol.
Psychiatry Allied Discip. https://doi.org/10.1111/j.1469-7610.2010.02309.x.

Joshi, G., Wozniak, J., Fitzgerald, M., Faraone, S., Fried, R., Galdo, M., Furtak, S.L.,
Conroy, K., Kilcullen, J.R., Belser, A., Biederman, J., 2018. High risk for severe
emotional dysregulation in psychiatrically referred youth with autism spectrum
disorder: a controlled study. J. Autism Dev. Disord. https://doi.org/10.1007/
s10803-018-3542-9.

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., Williamson, D., Ryan,
N., 1997. Schedule for affective disorders and schizophrenia for school-age children-
present and lifetime version (K-SADS-PL): initial reliability and validity data. J. Am.
Acad. Child Adolesc. Psychiatry 36, 980–988. https://doi.org/10.1097/00004583-
199707000-00021.

Kim, J., Carlson, G.A., Meyer, S.E., Bufferd, S.J., Dougherty, L.R., Dyson, M.W., Laptook,
R.S., Olino, T.M., Klein, D.N., 2012. Correlates of the CBCL-dysregulation profile in
preschool-aged children. J. Child Psychol. Psychiatry Allied Discip. https://doi.org/
10.1111/j.1469-7610.2012.02546.x.

Kop, W.J., Synowski, S.J., Newell, M.E., Schmidt, L.A., Waldstein, S.R., Fox, N.A., 2011.
Autonomic nervous system reactivity to positive and negative mood induction: the
role of acute psychological responses and frontal electrocortical activity. Biol.
Psychol. 86, 230–238. https://doi.org/10.1016/J.BIOPSYCHO.2010.12.003.

Kuny, A.V., Althoff, R.R., Copeland, W., Bartels, M., Van Beijsterveldt, C.E.M., Baer, J.,
Hudziak, J.J., 2013. Separating the domains of oppositional behavior: comparing
latent models of the conners’ oppositional subscale. J. Am. Acad. Child Adolesc.
Psychiatry 52, 172–183. .e8. https://doi.org/10.1016/J.JAAC.2012.10.005.

Lampinen, E., Karolaakso, T., Karvonen, A., Kaartinen, J., Kykyri, V.L., Seikkula, J.,
Penttonen, M., 2018. Electrodermal activity, respiratory sinus arrhythmia, and heart
rate variability in a relationship enrichment program. Mindfulness (N. Y). https://
doi.org/10.1007/s12671-017-0843-6.

Latvala, A., Kuja-Halkola, R., Rück, C., D'Onofrio, B.M., Jernberg, T., Almqvist, C.,
Mataix-Cols, D., Larsson, H., Lichtenstein, P., 2016. Association of resting heart rate
and blood pressure in late adolescence with subsequent mental disorders. JAMA
Psychiatry 73, 1268. https://doi.org/10.1001/jamapsychiatry.2016.2717.

Lewy, H., 2015. Wearable technologies – future challenges for implementation in

A. Tonacci, et al. Journal of Affective Disorders 257 (2019) 207–213

212

http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0001
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0001
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0001
https://doi.org/10.1016/J.JAD.2019.04.034
https://doi.org/10.1007/s10578-012-0280-7
https://doi.org/10.1016/j.psychres.2010.05.002
https://doi.org/10.1016/j.psychres.2010.05.002
https://doi.org/10.1016/j.jaac.2010.08.006
https://doi.org/10.3389/fpsyt.2017.00181
https://doi.org/10.3389/fpsyt.2017.00181
https://doi.org/10.1111/j.1469-7610.2009.02089.x
https://doi.org/10.1111/j.1469-7610.2009.02089.x
https://doi.org/10.1017/S2045796011000849
https://doi.org/10.1016/j.jneumeth.2010.04.028
https://doi.org/10.1177/1087054715596576
https://doi.org/10.1016/J.JAD.2012.10.028
https://doi.org/10.1016/J.JAD.2012.10.028
https://doi.org/10.4088/JCP.08m04821
https://doi.org/10.4088/JCP.08m04821
https://doi.org/10.1016/j.cpr.2009.08.005
https://doi.org/10.1111/j.1468-2850.2010.01223.x
https://doi.org/10.1111/j.1469-7610.2012.02598.x
https://doi.org/10.1111/j.1469-7610.2012.02598.x
https://doi.org/10.1016/J.JAAC.2010.01.016
https://doi.org/10.1016/J.JAAC.2010.01.016
https://doi.org/10.1109/ISPA.2013.6703792
https://doi.org/10.1109/ISPA.2013.6703792
https://doi.org/10.1007/s00787-013-0379-9
https://doi.org/10.1007/s00787-013-0379-9
https://doi.org/10.1007/s00787-015-0745-x
https://doi.org/10.1016/J.JAAC.2018.09.434
https://doi.org/10.1016/J.COMPBIOMED.2016.04.001
https://doi.org/10.1016/J.COMPBIOMED.2016.04.001
https://doi.org/10.1089/cap.2008.067
https://doi.org/10.1016/j.neubiorev.2016.09.022
https://doi.org/10.1016/j.neubiorev.2016.09.022
https://doi.org/10.1111/jcpp.12899
https://doi.org/10.3758/BF03193146
https://doi.org/10.1007/s00184-010-0327-3
https://doi.org/10.1007/s00184-010-0327-3
https://doi.org/10.1037/a0033076
https://doi.org/10.1037/a0033076
https://doi.org/10.1016/j.jaac.2015.04.012
https://doi.org/10.1097/WNP.0b013e3181c298fe
https://doi.org/10.1097/WNP.0b013e3181c298fe
https://doi.org/10.1016/j.jaac.2018.03.010
https://doi.org/10.1016/j.jaac.2018.03.010
https://doi.org/10.1111/j.1469-7610.2011.02448.x
https://doi.org/10.1111/j.1469-7610.2011.02448.x
https://doi.org/10.1111/j.1469-7610.2010.02309.x
https://doi.org/10.1007/s10803-018-3542-9
https://doi.org/10.1007/s10803-018-3542-9
https://doi.org/10.1097/00004583-199707000-00021
https://doi.org/10.1097/00004583-199707000-00021
https://doi.org/10.1111/j.1469-7610.2012.02546.x
https://doi.org/10.1111/j.1469-7610.2012.02546.x
https://doi.org/10.1016/J.BIOPSYCHO.2010.12.003
https://doi.org/10.1016/J.JAAC.2012.10.005
https://doi.org/10.1007/s12671-017-0843-6
https://doi.org/10.1007/s12671-017-0843-6
https://doi.org/10.1001/jamapsychiatry.2016.2717


healthcare services. Healthc. Technol. Lett. 2, 2–5. https://doi.org/10.1049/htl.
2014.0104.

Masi, G., Milone, A., Manfredi, A., Brovedani, P., Pisano, S., Muratori, P., 2016. Combined
pharmacotherapy-multimodal psychotherapy in children with Disruptive Behavior
Disorders. Psychiatry Res. 238, 8–13. https://doi.org/10.1016/j.psychres.2016.02.
010.

Masi, G., Muratori, P., Manfredi, A., Pisano, S., Milone, A., 2015a. Child behaviour
checklist emotional dysregulation profiles in youth with disruptive behaviour dis-
orders: clinical correlates and treatment implications. Psychiatry Res. https://doi.
org/10.1016/j.psychres.2014.11.019.

Masi, G., Pisano, S., Milone, A., Muratori, P., 2015b. Child behavior checklist dysregu-
lation profile in children with disruptive behavior disorders: a longitudinal study. J.
Affect. Disord. 186, 249–253. https://doi.org/10.1016/J.JAD.2015.05.069.

Maughan;, R.R.C.A.C., Costello, E.J., Angold, A., Copeland, W.E., Maughan, B., 2010.
Developmental pathways in oppositional defiant disorder and conduct disorder. J.
Abnorm. Psychol. 119, 726–738. https://doi.org/10.1037/a0020798.

Maughan, B., Rowe, R., Messer, J., Goodman, R., Meltzer, H., 2004. Conduct disorder and
oppositional defiant disorder in a national sample: developmental epidemiology. J.
Child Psychol. Psychiatry 45, 609–621. https://doi.org/10.1111/j.1469-7610.2004.
00250.x.

McGough, J.J., McCracken, J.T., Cho, A.L., Castelo, E., Sturm, A., Cowen, J., Piacentini,
J., Loo, S.K., 2013. A potential electroencephalography and cognitive biosignature for
the child behavior checklist–dysregulation profile. J. Am. Acad. Child Adolesc.
Psychiatry 52, 1173–1182. https://doi.org/10.1016/J.JAAC.2013.08.002.

McQuillan, M.E., Kultur, E.C., Bates, J.E., O'Reilly, L.M., Dodge, K.A., Lansford, J.E.,
Pettit, G.S., 2018. Dysregulation in children: origins and implications from age 5 to
age 28. Dev. Psychopathol. 30, 695–713. https://doi.org/10.1017/
S0954579417001572.

Meyer, S.E., Carlson, G.A., Youngstrom, E., Ronsaville, D.S., Martinez, P.E., Gold, P.W.,
Hakak, R., Radke-Yarrow, M., 2009. Long-term outcomes of youth who manifested
the CBCL-Pediatric Bipolar Disorder phenotype during childhood and/or adoles-
cence. J. Affect. Disord. 113, 227–235. https://doi.org/10.1016/J.JAD.2008.05.024.

Monk, C., Kovelenko, P., Ellman, L.M., Sloan, R.P., Bagiella, E., Gorman, J.M., Pine, D.S.,
2001. Enhanced stress reactivity in paediatric anxiety disorders: implications for
future cardiovascular health. Int. J. Neuropsychopharmacol. 4, 199–206. https://doi.
org/10.1017/S146114570100236X.

Muratori, P., Pisano, S., Milone, A., Masi, G., 2017. Is emotional dysregulation a risk
indicator for auto-aggression behaviors in adolescents with oppositional defiant
disorder? J. Affect. Disord 208, 110–112. https://doi.org/10.1016/J.JAD.2016.08.
052.

Peyre, H., Speranza, M., Cortese, S., Wohl, M., Purper-Ouakil, D., 2015. Do ADHD chil-
dren with and without child behavior checklist–dysregulation profile have different
clinical characteristics, cognitive features, and treatment outcomes? J. Atten. Disord.
19, 63–71. https://doi.org/10.1177/1087054712452135.

Pisano, S., Muratori, P., Gorga, C., Levantini, V., Iuliano, R., Catone, G., Coppola, G.,
Milone, A., Masi, G., 2017. Conduct disorders and psychopathy in children and
adolescents: aetiology, clinical presentation and treatment strategies of callous-un-
emotional traits. Ital. J. Pediatr. 43, 84. https://doi.org/10.1186/s13052-017-
0404-6.

Portnoy, J., Farrington, D.P., 2015. Resting heart rate and antisocial behavior: an updated
systematic review and meta-analysis. Aggress. Violent Behav. 22, 33–45. https://doi.
org/10.1016/J.AVB.2015.02.004.

Rescorla, L.A., Blumenfeld, M.C., Ivanova, M.Y., Achenbach, T.M., International ASEBA
Consortium, I.A., 2018. International comparisons of the dysregulation profile based
on reports by parents, adolescents, and teachers. J. Clin. Child Adolesc. Psychol.
1–15. https://doi.org/10.1080/15374416.2018.1469090. In press.

Robinson, D.L., 2001. How brain arousal systems determine different temperament types

and the major dimensions of personality. Pers. Individ. Dif. 31, 1233–1259. https://
doi.org/10.1016/S0191-8869(00)00211-7.

Scarpa, A., Haden, S.C., Tanaka, A., 2010. Being hot-tempered: autonomic, emotional,
and behavioral distinctions between childhood reactive and proactive aggression.
Biol. Psychol. 84, 488–496. https://doi.org/10.1016/J.BIOPSYCHO.2009.11.006.

Schoorl, J., Van Rijn, S., De Wied, M., Van Goozen, S.H.M., Swaab, H., 2016. Variability
in emotional/behavioral problems in boys with oppositional defiant disorder or
conduct disorder: the role of arousal. Eur. Child Adolesc. Psychiatry 25, 821–830.
https://doi.org/10.1007/s00787-015-0790-5.

Schulte-Mecklenbeck, M., Kuehberger, A., Johnson, J.G., Johnson, J.G., Kuehberger, A.,
Johnson, J.G., Johnson, J.G., 2011. Using Skin Conductance In Judgment And
Decision Making Research. pp. 179–200. https://doi.org/10.4324/
9780203875292-18.

Smith, J.C., Bradley, M.M., Lang, P.J., 2005. State anxiety and affective physiology: ef-
fects of sustained exposure to affective pictures. Biol. Psychol. 69, 247–260. https://
doi.org/10.1016/J.BIOPSYCHO.2004.09.001.

Stevens, F.L., Hurley, R.A., Taber, K.H., 2011. Anterior cingulate cortex: unique role in
cognition and emotion. J. Neuropsychiatry Clin. Neurosci. 23, 121–125. https://doi.
org/10.1176/jnp.23.2.jnp121.

Stringaris, A., Cohen, P., Pine, D.S., Leibenluft, E., 2009. Adult outcomes of youth irrit-
ability: a 20-year prospective community-based study. Am. J. Psychiatry 166,
1048–1054. https://doi.org/10.1176/appi.ajp.2009.08121849.

Stringaris, A., Goodman, R., 2009. Longitudinal outcome of youth oppositionality: irri-
table, headstrong, and hurtful behaviors have distinctive predictions. J. Am. Acad.
Child Adolesc. Psychiatry 48, 404–412. https://doi.org/10.1097/CHI.
0B013E3181984F30.

Taskiran, C., Karaismailoglu, S., Cak Esen, H.T., Tuzun, Z., Erdem, A., Balkanci, Z.D.,
Dolgun, A.B., Cengel Kultur, S.E., 2018. Clinical features and subjective/physiolo-
gical responses to emotional stimuli in the presence of emotion dysregulation in at-
tention-deficit hyperactivity disorder. J. Clin. Exp. Neuropsychol. 40, 389–404.
https://doi.org/10.1080/13803395.2017.1353952.

Tottenham, N., Tanaka, J.W., Leon, A.C., McCarry, T., Nurse, M., Hare, T.A., Marcus, D.J.,
Westerlund, A., Casey, B.J., Nelson, C., 2009. The Nimstim set of facial expressions:
judgments from untrained research participants. Psychiatry Res 168, 242–249.
https://doi.org/10.1016/j.psychres.2008.05.006.

Uchida, M., Faraone, S.V., Martelon, M., Kenworthy, T., Woodworth, K.Y., Spencer, T.J.,
Wozniak, J.R., Biederman, J., 2014. Further evidence that severe scores in the ag-
gression/anxiety-depression/attention subscales of child behavior checklist (severe
dysregulation profile) can screen for bipolar disorder symptomatology: a conditional
probability analysis. J. Affect. Disord. 165, 81–86. https://doi.org/10.1016/J.JAD.
2014.04.021.

Wang, C.-A., Baird, T., Huang, J., Coutinho, J.D., Brien, D.C., Munoz, D.P., 2018. Arousal
effects on pupil size, heart rate, and skin conductance in an emotional face task.
Front. Neurol. 9, 1029. https://doi.org/10.3389/fneur.2018.01029.

Wechsler, D., Orsini, A., Pezzuti, L., 2012. WISC-IV: Wechsler intelligence scale for
children: manuale di somministrazione e scoring.

Wieser, M.J., Pauli, P., Alpers, G.W., Mühlberger, A., 2009. Is eye to eye contact really
threatening and avoided in social anxiety?—An eye-tracking and psychophysiology
study. J. Anxiety Disord. 23, 93–103. https://doi.org/10.1016/J.JANXDIS.2008.04.
004.

Woltering, S., Shi, Q., 2016. On the neuroscience of self-regulation in children with
disruptive behavior problems. Rev. Educ. Res. 86, 1085–1110. https://doi.org/10.
3102/0034654316673722.

Wozniak, J., Gönenç, A., Biederman, J., Moore, C., Joshi, G., Georgiopoulos, A.,
Hammerness, P., McKillop, H., Lukas, S.E., Henin, A., 2012. A magnetic resonance
spectroscopy study of the anterior cingulate cortex in youth with emotional dysre-
gulation. Isr. J. Psychiatry Relat. Sci. 49, 62–69.

A. Tonacci, et al. Journal of Affective Disorders 257 (2019) 207–213

213

https://doi.org/10.1049/htl.2014.0104
https://doi.org/10.1049/htl.2014.0104
https://doi.org/10.1016/j.psychres.2016.02.010
https://doi.org/10.1016/j.psychres.2016.02.010
https://doi.org/10.1016/j.psychres.2014.11.019
https://doi.org/10.1016/j.psychres.2014.11.019
https://doi.org/10.1016/J.JAD.2015.05.069
https://doi.org/10.1037/a0020798
https://doi.org/10.1111/j.1469-7610.2004.00250.x
https://doi.org/10.1111/j.1469-7610.2004.00250.x
https://doi.org/10.1016/J.JAAC.2013.08.002
https://doi.org/10.1017/S0954579417001572
https://doi.org/10.1017/S0954579417001572
https://doi.org/10.1016/J.JAD.2008.05.024
https://doi.org/10.1017/S146114570100236X
https://doi.org/10.1017/S146114570100236X
https://doi.org/10.1016/J.JAD.2016.08.052
https://doi.org/10.1016/J.JAD.2016.08.052
https://doi.org/10.1177/1087054712452135
https://doi.org/10.1186/s13052-017-0404-6
https://doi.org/10.1186/s13052-017-0404-6
https://doi.org/10.1016/J.AVB.2015.02.004
https://doi.org/10.1016/J.AVB.2015.02.004
https://doi.org/10.1080/15374416.2018.1469090
https://doi.org/10.1016/S0191-8869(00)00211-7
https://doi.org/10.1016/S0191-8869(00)00211-7
https://doi.org/10.1016/J.BIOPSYCHO.2009.11.006
https://doi.org/10.1007/s00787-015-0790-5
https://doi.org/10.4324/9780203875292-18
https://doi.org/10.4324/9780203875292-18
https://doi.org/10.1016/J.BIOPSYCHO.2004.09.001
https://doi.org/10.1016/J.BIOPSYCHO.2004.09.001
https://doi.org/10.1176/jnp.23.2.jnp121
https://doi.org/10.1176/jnp.23.2.jnp121
https://doi.org/10.1176/appi.ajp.2009.08121849
https://doi.org/10.1097/CHI.0B013E3181984F30
https://doi.org/10.1097/CHI.0B013E3181984F30
https://doi.org/10.1080/13803395.2017.1353952
https://doi.org/10.1016/j.psychres.2008.05.006
https://doi.org/10.1016/J.JAD.2014.04.021
https://doi.org/10.1016/J.JAD.2014.04.021
https://doi.org/10.3389/fneur.2018.01029
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0067
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0067
https://doi.org/10.1016/J.JANXDIS.2008.04.004
https://doi.org/10.1016/J.JANXDIS.2008.04.004
https://doi.org/10.3102/0034654316673722
https://doi.org/10.3102/0034654316673722
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0070
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0070
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0070
http://refhub.elsevier.com/S0165-0327(19)30776-1/sbref0070

	Sympathetic arousal in children with oppositional defiant disorder and its relation to emotional dysregulation
	Introduction
	The current study

	Method
	Participants and procedure
	Measures
	Categorical diagnosis
	Emotional dysregulation
	Intellectual functioning
	Skin conductance response


	Data analysis
	Results
	Discussion
	Conclusions
	Funding
	Conflict of interest
	CRediT authorship contribution statement
	mk:H1_17
	References




