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ABSTRACT
Children with Disruptive Mood Dysregulation Disorder (DMDD)
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or Oppositional Defiant Disorder (ODD) are characterized by
irritability and social difficulties. However, the mechanisms under-
lying these disorders could be different. This study explores differ-
ences in social cognition and executive function (EF) across DMDD
and ODD and the influence of these factors and their interaction
on social problems in both groups. Children with DMDD (n =53,
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Mage =9.3) or ODD (n =39, M,ge =9.6) completed neuropsycho-
recognition

logical tasks measuring social cognition (Theory of Mind and
Face-Emotion Recognition) and EF (cognitive flexibility, inhibi-
tion, and working memory). Parents reported social problems.
More than one-third of the children with DMDD and almost
two-thirds of those with ODD showed clear difficulties with
Theory of Mind. Most children with DMDD (51-64%) or ODD
(67-83%) showed difficulties with EF. In children with DMDD,
worse EF (B =-.36) was associated with more social problems,
whereas in children with ODD, better EF (3 = .44) was associated with
more social problems. In those with ODD, but not in those with
DMDD, the interaction between social cognition and EF contributed
to the explained variance of social problems (3 = -1.97). Based on the
observed interaction pattern, enhanced EF may lead to increased
social problems among children with ODD who also exhibit social
cognition difficulties. This study suggests the existence of distinct
neuropsychological mechanisms underlying the social issues
observed in children with DMDD versus those with ODD.

Children diagnosed with Disruptive Mood Dysregulation Disorder (DMDD) or
Oppositional Defiant Disorder (ODD) often display social difficulties (Freeman et al.,
2016; Greene et al., 2002; Lin et al., 2021; W. Copeland et al., 2013). The diagnostic criteria
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for DMDD include irritable mood for at least one year and frequent temper outbursts.
ODD requires argumentative or defiant behavior, vindictiveness, or irritable mood for at
least six months (APA, 2013). Our understanding of the types and causes of these social
difficulties within each diagnostic group is complicated because past research on ODD
often combined ODD with conduct disorders or did not exclude children with DMDD
(since DMDD was not a diagnosis until 2013). The fact that there might be different
mechanisms associated with these disorders is reflected in the understanding of DMDD as
an affective disorder and ODD as a disruptive behavior disorder in the DSM-5. However,
recognizing these disorders as separable entities is still controversial (Lochman et al., 2015).
Thus, a more careful examination of the neuropsychological correlates and interactions of
social difficulties in each of these groups is warranted. This study focuses on two related
factors in children’s social functioning: social cognition and executive functions (EF). This
will be the first study to examine how the social problems observed in children with
DMDD or ODD might differ in their interactional neuropsychological mechanisms.

Social cognition

Social cognition refers to the cognitive systems involved in mediating responses in
interpersonal settings and was recently recognized as one of the six core neuropsycho-
logical domains important for understanding mental disorders (Insel et al., 2010). This
highlights the need for clinical investigation of cognitive abilities involved in social
functioning to understand mental illness. Two fundamental components of social cogni-
tion are the ability to understand and attribute mental states to oneself and others, named
Theory of Mind (ToM; Premack & Woodruff, 1978), and the ability to distinguish and
label different emotional facial expressions adequately, referred to as Face-Emotion
Recognition (FER; e.g., Philippot & Feldman, 1990). These abilities are crucial in the
interpretation and adaptation to other people’s behavior and reactions and are thus
critical components of social interaction (for a review on ToM, see (Hughes & Leekam,
2004), and for FER, see (Lemerise & Arsenio, 2000; Leppdnen & Hietanen, 2003;
Philippot & Feldman, 1990)). Generally, previous studies found that children with
behavior problems display a broad pattern of deficits and biases in social cognition (for
a meta-analytic review, see (Yoon et al., 1999)). For example, children with aggressive
behavior tend to interpret others’ intentions as hostile in ambiguous social situations (De
Castro et al., 2002), interpret facial expressions more negatively (Mellentin et al., 2015),
and allocate attention toward social threats (Miller & Johnston, 2019).

A recent study reported that children with DMDD have social cognition difficulties and
poor social awareness similar to children with autism spectrum disorders (Sturm et al., 2018).
Furthermore, another study found that they have difficulties identifying emotional prosody,
which is the emotional intonation of speech (Deveney, Brotman, et al., 2012). These results
lead one to question whether children with DMDD could have general difficulties with
understanding the mental states of others (i.e., ToM). Indeed, this could make social interac-
tions challenging because of misinterpretations and violation of social expectations, which
could lead to frustration and temper outbursts as observed in children with DMDD. However,
to our knowledge, ToM has never been tested in children with DMDD.

There has been an interest in FER related to emotional dysregulation. This originates
from attempts to distinguish chronic from episodic irritability, as chronic irritability was



CHILD NEUROPSYCHOLOGY e 3

previously (mis)understood as a child version of bipolar disorder (Rao, 2014) and in
which FER difficulties were demonstrated (McClure et al., 2005; Rich et al., 2006).
Although FER has been investigated in DMDD, this line of research provides incon-
sistent evidence (Guyer et al., 2007; Kim et al., 2013; Rich et al., 2008; Thomas et al., 2012,
2014; Tseng et al., 2016). This may be due to diagnostic criteria similar (but not identical)
to DMDD (Braenden et al., 2022; Meyers et al., 2017).

A recent study comparing children with ODD with healthy controls indicated
(although presenting a small effect size) that children with ODD have impaired recogni-
tion of anger but not impaired recognition of other emotions (Deters et al., 2020).
Another study showed that, compared with typically developing children, children
with ODD do not have relative impairments in emotion perception, emotion perspec-
tive-taking, and in the ability to appreciate mixed emotions (O 'Kearny et al., 2017).
When thinking about the possible causes for anger, children with ODD provided fewer
reasons than typically developing children. Thus, although there is mixed evidence on the
perception of anger in children with ODD (Deters et al., 2020; O 'Kearny et al., 2017),
research otherwise suggests that these children have intact emotional recognition and
understanding of the mental states of others (O 'Kearny et al., 2017).

Executive function

Individual differences in social cognition are closely related to functions underlying
flexible goal-directed behavior (Carlson & Moses, 2001; Hughes, 1998; Russell, 1997).
EF is an umbrella term for distinct but interacting cognitive functions such as inhibition,
cognitive flexibility (CF), and working memory (WM) (Miyake et al., 2000). These
functions enable the regulation of behavior, thoughts, and emotions adaptively and
flexibly in different situations and demands, including in social contexts. ToM and EF
are moderately correlated (e.g., Carlson & Moses, 2001; Miiller et al.,, 2005) and are
important for children’s social competence (Capage & Watson, 2001).

Research comparing children with DMDD with healthy controls using performance-
based behavior tasks suggests that DMDD is characterized by impaired CF and normal
motor inhibition abilities, but the results are equivocal (Adleman et al., 2011; Deveney,
Connolly, et al., 2012; Dickstein et al., 2007, 2010; Uran & Kilic, 2015). For example, in
two of the three studies indicating that children with DMDD have cognitive inflexibility
(Adleman et al., 2011; Dickstein et al., 2010; Uran & Kilic, 2015), the children were not
significantly (but only descriptively) worse than healthy controls (Dickstein et al., 2010;
Uran & Kilic, 2015), although the associated effect size (d =.74) could indicate a type II
error (Dickstein et al., 2010). Furthermore, because social and emotional cues and
situations are constantly changing, the ability to adaptably shift between or among
mental sets or operations, i.e., CF (Miyake et al., 2000), could be especially important
in social functioning.

The diagnostic criteria for ODD imply that these children execute behavior in
accordance with their will (APA, 2013). This raises the question of whether children
who meet these diagnostic criteria will exhibit greater ability to plan and execute behavior
in a goal-directed manner. The criteria include “often actively [...] refuses to comply
with requests from authority figures or with rules” and “often deliberately annoys
others.” Indeed, although evidence is ambiguous (often because ODD is pooled together
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with conduct disorder in research), it suggests that children with ODD may not experi-
ence difficulties with EF (e.g., Ezpeleta & Granero, 2015; Van Goozen et al., 2004).

In summary, current evidence indicates that children with DMDD could have ToM
difficulties and EF difficulties that compromise their ability to adapt flexibly to changing
situations. By contrast, children with ODD may have intact EF and social cognition.
These factors may be differently associated with the social difficulties experienced by
these children.

Present study

Here, we first explore the everyday social problems that parents report in children with
DMDD or ODD in a Norwegian clinical sample. Then, we compare social cognition and
EF in children with DMDD with those with ODD based on neuropsychological tasks on
FER, ToM, inhibition, CF, and WM. Third, we explore how social cognition (FER and
ToM combined) and EF (inhibition, CF, and WM combined) are associated with social
problems in each group.

Based on the reviewed literature, we expect both groups to have social problems. As
the literature on FER is ambiguous, we made no hypothesis on whether children with
DMDD or ODD would have such difficulties. Taking into account the study by Sturm
and colleagues (2018), we expect children with DMDD to display ToM difficulties. We
further expect that children with DMDD will have difficulties with CF, whereas no
hypothesis was made concerning inhibition and WM due to limited knowledge.
Furthermore, we hypothesize that the social problems of children with DMDD will be
related to ToM problems and worse EF, assuming that difficulties with CF will influence
the overall EF of these children. As it is not clear from the reviewed literature if children
with ODD have any difficulties with ToM or EF, we do not expect children with ODD to
have such difficulties or that their social problems will be related to social ToM or EF.

Methods
Participants

This study includes a treatment-seeking sample of 6-12-year-old children. These chil-
dren did not receive psychiatric treatment or medication during inclusion and study
participation. Participants were recruited from outpatient child psychiatry departments
at Oslo University Hospital and Nic Waals Institute between September 2019 and
August 2021. Thus, part of the recruitment and participation occurred during the
COVID-19 pandemic. This did not change recruitment or consenting procedures.
However, it resulted in some neuropsychological test appointments being canceled for
a number of reasons, such as complete social isolation or covid-related sick leave.
Informed oral and written consent was attained from parents. The Regional
Committees for Medical and Health Research Ethics (#2017/135) approved the study
which is part of a registered study protocol (NCT05049356). Inclusion criteria included
children between 6 and 12 years of age, IQ > 70, and sufficient Norwegian language skills
to respond to questionnaires and a semi-structured clinical interview. The recruitment
and selection process is detailed in Figure 1.
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Invited
N=319

Declined Not meeting inclusion criteria
N=76 N=I18

Dropped out
N=T

Participated in NCT05049356
N=218

Diagnostic groups of clinical
interest

DMDD ODD
N=53 N=39

Figure 1. Selection process.

Measures

Measures were completed as part of each child’s clinical assessment before starting
treatment. In two different sessions (occurring simultaneously or different in time)
parents were interviewed and the children completed neuropsychological testing.
Schedule for Affective Disorders and Schizophrenia for School-Age Children - Present
and Lifetime Version (K-SADS-PL-5; Kaufman et al., 1997), the 2016 version, was used for
the psychiatric diagnoses following the DSM-5 criteria. Of note, the DSM-5 specifies that
DMDD takes precedence over ODD. Thirteen clinical psychologists and final-year
clinical psychology students administered the Norwegian version of K-SADS-PL-5 to
parents. Reliability was established in three ways: First, interviewers were thoroughly
trained in the administration of K-SADS-PL-5 before they contributed to the data
collection. Second, cases were discussed with other clinicians. Third, 8.3% (18 of the
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218 in NCT05049356) of the interviews were scored independently by two different
clinicians demonstrating a substantial agreement between the interviewers’ diagnostic
evaluations, Cohen’s x = .90 for DMDD and .88 for ODD.

The Achenbach System of Empirically Based Assessment (Achenbach & Rescorla, 2001)
was used to measure social problems. Parents completed the Child Behavior Check List
(CBCL) including a Social Problems scale. Items are rated on a 3-point Likert scale (not
true, sometimes true, often true). The CBCL Social Problems scale consists of 11 items:
(I) clings to adults or is too dependent, (II) complains of loneliness, (III) doesn’t get along
with other kids, (IV) easily jealous, (V) feels others are out to get her/him, (VI) gets hurt
a lot, accident-prone, (VII) gets teased a lot, (VIII) not liked by other kids, (IX) poorly
coordinated or clumsy, (X) prefers being with younger kids, and (XI) speech problem.
The score range is 0 (none) to 22 (high). Psychometric support for the scales is provided
in various studies (e.g., Achenbach & Rescorla, 2001; Novik, 1999; Schmeck et al., 2001).
Raw scores were used in the statistical analyses and T-scores to examine whether the
group’s scores were within the normal or clinical range compared with standardized
norm values. T-scores > 65 are indicative of social problems.

In the CBCL, parents also reported the child’s number of close friends (none (0), 1 (1),
2 or more (2)), times per week the child is with friends outside school (fewer than 1 (0), 1
or more (1)), and to which degree (worse (0), average (1), better (2)) the child gets along
with other kids compared with others of the same age.

NEPSY Second edition (NEPSY-2; Korkman et al., 1998, 2007b) is a comprehensive
performance-based neuropsychological assessment tool. The NEPSY-2 manual
(Korkman et al., 2007a) provides evidence of content, construct, concurrent, clinical
validity, and internal and test-retest reliability (Brooks et al., 2009). Participants com-
pleted the two subtests developed for measuring social cognition in 6-12-year-old
children: (1) affect recognition and (2) ToM. In affect recognition, also referred to as
FER, the child is asked to identify the correct face-emotion of children in pictures. Some
pictures are displayed for only five seconds, whereas others have no time limit. In ToM,
the child is presented with pictures or stories of different social situations and must
decide the characters’ beliefs, thoughts, or intentions in the picture or story. Raw scores
were used in the statistical analyses and scaled scores or percentile ranks to examine
whether the group’s scores were within the normal or clinical range compared with
American standardized norm values. Higher raw scores indicate better performance.
Scaled scores have a mean of 10 and a standard deviation of 3; scaled scores < 8 indicate
clinical scores. Percentile ranks < 26% indicate clinical scores (Korkman et al., 2007b).
We also used percentile ranks to categorize ToM scores into groups within or below
clinical levels. To be used in the regression models, raw scores were transformed into
z scores. Considering the sample size and the need to represent a common social
cognition factor capturing emotion perception and the ability to infer the beliefs, feelings,
and intentions of others, which is often included in models of social cognition (Adolphs,
2010; McDonald, 2013), a Social Cognition Composite score was made by adding the
z scores of FER and ToM and dividing by two (number of subcomponents).

Participants also completed three NEPSY-2 subtests of EF, that is, CF, inhibition, and
WM: (1) Design Fluency (for children between 5 and 12 years), i.e., cognitive flexibility
(CF), assessing behavioral productivity and the child’s ability to generate unique designs
by connecting five dots, presented in a structured and random way, (2) Inhibition (INH)
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measuring the ability to inhibit automatic responses (5-16 years) and to switch between
response styles (7-16 years), and (3) Word List Interference (7-16 years) assessing verbal
WM. Higher raw scores indicate better performance, except for INH completion time.
However, the completion time is accounted for in the INH scaled scores used in this
study. Scaled scores have a mean of 10 and a standard deviation of 3; and scaled scores<8
indicate clinical scores (Korkman et al., 2007b). The design fluency raw score, the
inhibition condition scaled score (accounting for the number of faults and time passed),
and the world list interference scaled contrast score (accounting for the effect of correct
repetitions on recalling) were transformed into z scores. These z scores were added and
divided by three (number of subcomponents), creating an EF composite score to be used
in the regression models to represent common EF (Miyake et al., 2000).

Statistical procedures

Analyses were carried out using IBM SPSS Statistics Version 28.0.0.0 (190) and R version
4.2.0 (Team, 2022) including the QuantPsyc package (Fletcher, 2022). Alpha level was set
to .05. Effect sizes were measured using Cohen’s d with values of .20, .50, and .80, and
partial eta squared with values of .01, .06, and .14, interpreted as small, medium, and large
effects, respectively (Cohen, 1969; Richardson, 2011).

Participant characteristics across diagnostic groups were analyzed using the chi-
square tests or independent sample t-tests. In addition, the effects of sex and age on
social problems, social cognition, and EFs were examined using chi-square tests or
Pearson’s correlation analysis.

To examine differences in social problems, social cognition, and EF between diag-
nostic groups, independent sample t-tests or analysis of covariance were conducted.
Pearson’s correlation analyses were performed for DMDD and ODD to explore associa-
tions between each group’s predictors and dependent variables. Multiple regression
analyses were conducted first in children with DMDD and then in children with ODD
to investigate the explained variance of social cognition and EF and their interaction with
social problems. Because of COVID-19 lockdown, we expected missing responses,
especially on NEPSY-2 subtests. To be used in the regression analyses, data were imputed
to compensate for the missing responses (see Supplementary Material I: Multiple
Imputation). Ensuring that accurate interpretations could be drawn from the study, the
regression analyses were performed using (I) raw (i.e., non-imputed) data, (II) imputed
data, and (III) raw data with an EF composite excluding WM (as children < 7 years of age
(n=8) could not complete the WM tasks cf. NEPSY-2 and were thus excluded from
regression analyses I and II).

Results
Participant characteristics

Participant characteristics are presented in Table 1 showing no significant differences
between groups on demographic variables except for family income. Fifty-three
children were diagnosed with DMDD (M,g=9.33, SD=1.91) and 39 with ODD
(Mage =9.61, SD=1.81). Among those with DMDD, 43 children could have also
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Table 1. Participant characteristics.

Characteristic DMDD (N =53) 0oDD (N=39) Test statistic
Age M(SD) 9.33(1.91) 9.61 (1.81) t(90) = -.72
Sex: Girl N(%) 12 (23) 14 (36) X2(1)=1.95
FSIQ M(SD)' 99.95 (13.09) N=37 95.24 (12.76) N=29 t(64) =1.15
Comorbidity N(%)
ADHD 31(58) 15(38)
Depression 8(15) 4(10)
Anxiety 14(26) 12(31)
PTSD 3(6) 0(0)
Conduct disorder 5(9) 1(3)
Autism spectrum disorder 2(4) 1(3)
Tics/Tourette’s syndrome 3(6) 3(8)
Family income N(%) xA(1)=6.11%
>/700 000-300 000 NOK 37 (84) 35 (100)
<300 000 NOK? 7 (16) 0(0)
Number of close friends, N X*(2) = .88
None 2 1
One 5 5
Two or more 38 31
Times/weekly with friends, N xX(1) = .01
<1 1 9
>1 33 28

Note. FSIQ = Full Scale 1Q. ADHD = Attention-Deficit/Hyperactivity Disorder. Depression = Severe Depressive Disorder,
Dysthymia, Depressive Disorder Not Otherwise Specified, Cyclothymia. Anxiety = Separation Anxiety Disorder, Specific
Phobia, Social Anxiety Disorder, General Anxiety Disorder, Anxiety Disorder Not Otherwise Specified. PTSD = Post
Traumatic Stress Disorder. Conduct disorder = Conduct Disorder or Conduct Disorder Not Otherwise Specified. NOK =
Norwegian Krone.

'Levene's test show that the variances for FSIQ in DMDD vs. ODD are not equal, F(1,50) = 4.40, p = .04.

2Below Norwegian poverty level. *p < .05

met the ODD criteria if not following the DSM-5 rule (DMDD takes precedence over
ODD). Seventy-seven percent of the children with DMDD and 64% of those with
ODD were boys. There were no significant sex differences on any measures. Levene’s
test indicated that equal variances could be assumed across diagnostic groups on all
measures (p’s >.05). Age correlated significantly with FER (.41, p <.001), ToM (.46, p
<.001), and design fluency (.50, p <.001) in the total sample.

Social problems

Fifteen (33%) children with DMDD and 14 (38%) with ODD had T-scores > 65 on CBCL
Social Problems, with no difference between groups (see Table 2). The distributions of

Table 2. Test statistics of the measures across DMDD and ODD.

DMDD oDD

Outcome measure M (SD) M (SD) Test statistic
CBCL Social Problems Raw Score 5.79 (3.93) 5.86 (3.21) t(82) = -.10
CBCL Social Problems T Score 62.5 (9.12) 62.1 (7.04) t(81) = .26

NEPSY2 Face-Emotion Recognition (Raw)’ 25.8 (5.41) 25.2 (3.83) F(1,74)=1.17
NEPSY2 Theory of Mind (Raw)' 21.1 (4.17) 19.9 (4.26) F(1,73) =3.60
NEPSY2 Design Fluency (Raw)’ 19.5 (7.49) 18.7 (7.61) F(1,74)=1.09
NEPSY2 Inhibition (Scaled) 8.39 (3.64) 8.53 (3.42) t(65) = -.18
NEPSY2 Word List Interference (Scaled) 9.85 (3.71) 8.43 (3.86) t(57) =1.53

Note. Raw (non-imputed) data. No statistically significant differences.
'Covariate: Age.
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scores are presented in Supplementary Material II. In children with DMDD (n = 31),
parents reported that 45% (n = 14) were worse in getting along with other kids, 52% (n =
16) were roughly equal, and 3% (n = 1) were better compared with other children of the
same age. In children with ODD (n = 24), parents reported that 38% (n = 9) were worse in
getting along with other kids, 54% (n=13) were roughly equal, and 8% (n=2) were
better compared with other children of the same age. There were no differences in the
frequency distribution between children with DMDD and those with ODD, x*(2, N = 55)
=85, p = .65.

Social cognition

Children with DMDD (n =47, Scaled Score M =11.28, SD=2.62) or ODD (n=31,
Scaled Score M =10.29, SD =1.99) scored within a normal level on FER, and there
was no significant difference between groups (see Table 2). Two children (4%)
with DMDD and one child (3%) with ODD scored below the clinical cutoff score
(based on non-imputed data). On ToM, a relatively greater proportion of children
with ODD (58%) scored below the clinical cutoff compared with children with
DMDD (33%), Xz(l, N=77)=4.90, p<.05, although there was no significant
difference in mean scores. The distributions of scores on FER and ToM are
presented in Figure 2.

=] E DMDD
= obD

Number of participants
6
L

] .:l
o 4
0-10% 11-25% 26-50% 51-75% =75%

Theory of Mind (percentile rank)

1 4 7 8 9 10 " 12 13 14 15 16 17

Face-Emotion Recognition (scaled score)

Number of participants

Figure 2. Social cognition score distributions.

Note. Based on raw data. Percentile ranks < 26% are indicative of clinical scores (i.e., below expected/
norm levels). Scaled scores have a mean of 10 and a standard deviation of 3. Scaled scores < 8 are
indicative of clinical scores.
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Executive function

On a group level, children with DMDD or ODD scored below the normed average but
above the clinical cutoff on INH and WM (see Table 2). There were no significant
differences in mean scores on any EF measure. On CF, children with DMDD scored
(on a group level) below the normed average but above the clinical cutoft (Scaled Score
M =8.53, SD = 3.28), whereas those with ODD scored below the clinical cutoff (Scaled
Score M =7.58, SD = 2.85). The proportion of children with DMDD scoring below the
clinical cutoff on CF was 53%, and 81% for those with ODD. On INH, 64% of those with
DMDD and 67% with ODD scored below the clinical cutoff. Furthermore, 59% of those
with DMDD and 81% with ODD scored below the clinical cutoff on WM. The distribu-
tions of EF scores are illustrated in Figure 3.

Regression models

The bivariate relations between variables in DMDD and ODD are presented in Table 3.
Across groups, CF correlated moderately with FER and ToM (r >.34) and WM corre-
lated moderately with ToM (r>.32). FER and WM correlated moderately in children
with DMDD (r > .29), but this correlation was not significant using raw data. INH did not
significantly correlate with FER or ToM in either group. In children with DMDD but not
in those with ODD, a strong significant correlation was found between FER and ToM
(r=.77).
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Figure 3. Executive functions scaled score distributions.
Note. Based on raw data. Scaled scores have a mean of 10 and a standard deviation of 3. Scaled scores
< 8 are indicative of clinical scores.
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Table 3. Correlations between variables in DMDD and ODD.

DMDD 1 2 3 4 5 6 7
1.Age -09 48*** 16 .01 39%* A3FE
2.Social Problems CBCL —-.14 -30*  -22 -15 -.07 —-.06
3.Cognitive flexibility A4 28 02 37FF 48%kx 3R
4.Inhibition -14 -22 .03 25 17 13
5.Working Memory -12 -.10 34% .30 33%* 35%*
6.Face-Emotion Recognition 35%*% 04 46%* .19 29 JITHRRE
7.Theory of Mind 38** .04 35% A6 32% 7Rk
ODD 1 2 3 4 5 6 7
1.Age =29  S4%kx 11 44%*%  SPRkx SRR
2.Social Problems CBCL -30 -14  40% .07 —-.16 —-.10
3.Cognitive flexibility S 11 .14 32 36* AB**
4.Inhibition —-10 S54**% 15 21 —-.06 .06
5.Working Memory 45* 11 .29 15 23 41*
6.Face-Emotion Recognition A49**  — 14 34 -04 .15 31
7.Theory of Mind S3*F 07 A45%* .07 .38* .29

Notes. Correlations based on raw data are shaded in light color, whereas the correlations based on imputed data are not.
***p <.001 (2-tailed) **p <.0.01 (2-tailed). *p < .0.05 (2-tailed).

The regression models predicting social problems are presented in Table 4. In children
with DMDD, the EF composite contributed significantly to explaining social problems in
the analysis using imputed data (f =-.39, p <.05) and showed a similar tendency when
using raw data (P =-.36, p =.0575). In none of the analyses the social cognition compo-
site or the interaction between the EF and social cognition composite influenced social
problems significantly. Only when using imputed data (and not raw data), the model
significantly contributed to explaining social problems, explaining 19% of the variance in
social problems. The regression model is illustrated in Figure 4. A supplementary analysis
indicated that the presented effects are not driven only by the children with DMDD who
did not also fulfill the ODD criteria when ignoring the DSM-5 rule (see Supplementary
Material III). In children with ODD, the EF composite contributed significantly to
explaining social problems using the imputed data (p =.38, p <.05) and the raw data
(B = .44, p < .05), with an opposite effect on social problems than in those with DMDD. In
the analysis using raw data, but not in the analysis using imputed data, the interaction
between the EF composite and the social cognition composite significantly affected social
problems (B = -4.40, p < .01). The interaction effect is plotted in Figure 5. Using raw data,
the model significantly explained social problems (p <.01), explaining 48% of the var-
iance. A similar tendency was present when using the imputed data (R* = .23, p = .055).
The regression model is illustrated in Figure 6.

Discussion

Although DMDD and ODD are recognized as different disorders (APA, 2013),
implying that different mechanisms could be associated with these disorders, this
is controversial (Lochman et al.,, 2015) and needs clarification. This study com-
pares social cognition and EF in children with DMDD or ODD and how these
neuropsychological mechanisms could be linked to their social difficulties
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Age \Jii‘-\OS (o1)

Social Problems

Executive Function

Figure 4. Regression model in children with DMDD with coefficients.

Note. Squared boxes = Raw values. Rounded boxes = Computed scores. Dependent Variable: CBCL
Social Problems. Social Cognition = Combined NEPSY-2 Theory of Mind and Face-emotion Recognition
score. Executive Function = Combined NEPSY-2 Shift, Inhibition and Working Memory score. Circular
arrows = Social Cognition*Executive Function interaction variable. Results from raw data are in
parentheses. *p < .05.
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Figure 5. Interaction effect of executive function and social cognition on social problems in children
with ODD.
Note. Using raw data.

(Freeman et al., 2016; Greene et al.,, 2002; Lin et al., 2021; W. Copeland et al,,
2013). Determining whether there are different mechanisms is important not only
to inform the ongoing diagnostic controversy but also because treatment recom-
mendations could differ based on our understanding of the mechanisms of these
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Figure 6. Regression model in children with ODD with coefficients.

Note. Squared boxes =Raw values. Rounded boxes = Computed scores. Dependent Variable: CBCL
Social Problems. Social Cognition = Combined NEPSY-2 Theory of Mind and Face-emotion Recognition
score. Executive Function = Combined NEPSY-2 Shift, Inhibition and Working Memory score. Circular
arrows = Social Cognition*Executive Function interaction variable. Results from raw data are in
parentheses. *p <.05. **p < .01.

disorders. In the following, we discuss the present study’s findings and the
possible distinct social-cognitive mechanisms in children with DMDD ver-
sus ODD.

Social problems

In line with existing research (Freeman et al., 2016; Greene et al.,, 2002; Lin et al,,
2021; W. Copeland et al., 2013), this study found that children with DMDD or ODD
have more social impairment than the general population. However, there was
a substantial degree of variability in their scores, such that 60-70% did not appear
to be socially impaired, that is, not crossing the clinical cutoff. Of note, some
researchers have recommended a lower clinical cutoff for the CBCL Social
Problems scale (e.g., Leung et al., 2006; Schmeck et al., 2001) and cross-culturally
Norway is characterized as a low-scoring country (Jozefiak et al., 2012; Rescorla et al.,
2007). By lowering the clinical cutoff or applying Norwegian norms, an increased
proportion of the children in this study could thus have been categorized as having
social problems.

Social cognition

ToM

In our study, more than one-third of the children with DMDD and almost two-thirds of
those with ODD showed clear ToM difficulties, crossing the clinical cutoff. This may
support and extend previous findings, indicating that children with DMDD, on a group
level, have poor social awareness and cognition, as reported by parents (Sturm et al,,
2018). Contrary to our hypothesis and previous research (O'Kearny et al., 2017), this
study found that ToM was significantly associated with ODD, suggesting that it may be
a mechanism worthy of additional study. For those with ToM difficulties, independent of
diagnoses, this might prohibit reflection on the potential harm caused by their behavior
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and thus (re)learning. It could be that these children rely on premature or underdeve-
loped assumptions about others’ mental states. By contrast, children with intact abilities
to understand the mental states and feelings of others might be able to reflect upon the
potential harm inflicted by their behavior or temper outbursts. Combined with an
experience of being unable to control or stop one’s temper outbursts, as in those with
DMDD, this could lead to a downward spiral, increasing both negative emotions or
frustration (i.e., irritability) and negative self-experience or regard. This could then
contribute to an understanding of why children with DMDD are at risk of developing
depression and anxiety disorders in long term (W. E. Copeland et al., 2014). It is worth
noting that there was variability in ToM abilities within each diagnosis. Although
a relatively higher proportion of children with ODD had severe ToM difficulties, such
difficulties were present in both groups. Therefore, they can not be used alone to
differentiate DMDD from ODD.

FER

In our study, most children with DMDD or ODD accurately identified facial emotions.
Although this contrasts with some studies showing FER difficulties in children with
severe mood dysregulation (Guyer et al., 2007; Kim et al., 2013; Rich et al., 2008), our
findings align with more recent studies indicating intact face-emotion labeling by task
performance in these children (Thomas et al., 2012, 2014; Tseng et al., 2016). Of note,
some studies have tested recognition tendencies of specific emotions such as anger,
indicating that children with DMDD tend to interpret others’ intentions as threatening,
that is, aberrant threat processing (Brotman et al., 2010; Hommer et al., 2014). One study
suggests a similar tendency in those with ODD, namely impaired anger recognition, but
not impaired recognition of other emotions (Deters et al., 2020). However, our result of
intact FER in children with ODD aligns with studies indicating that most children do not
have impairments in emotion perception (O'Kearny et al., 2017). ODD symptoms are
not associated with recognizing negative facial emotions (Acland et al., 2021). Acland
et al. (2021) disentangled ODD symptoms from overt aggression and found that poor
recognition of negative emotion is associated with overt aggression, explained by more
difficulties with accurately identifying the type of negative emotion (sad, anger, fear) and
by a reduced sensitivity to negative emotions. Our study did not consider specific
emotion identification abilities or sensitivity to emotions. Nevertheless, children with
ODD or DMDD might not have general problems accurately identifying facial emotions.

An interesting observation is the difference in the degree and significance of the
correlation between ToM and FER in each group. Our results suggest a greater coherence
between the ability to interpret and understand the mental states and emotions of others
and the ability to adequately perceive facial emotions in children with DMDD than in
those with ODD. Further conceptualization is needed to understand how ToM difficul-
ties combined with a relatively intact ability to discriminate facial emotions could be
connected to oppositionality.

Social cognition did not explain the variance in social problems in DMDD or ODD.
Indeed, there is evidence of ToM (and EF, which we discuss below) being related to
physical aggression but not relational aggression or peer acceptance (O’Toole et al,
2016). One might expect that since social cognition is considered essential for social
functioning (Beauchamp & Anderson, 2010; Yeates et al., 2007), social cognition would
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be related to social problems in any case. However, this study’s measures of social
problems and social cognition might not be sensitive to the specific interpersonal
difficulties of children with DMDD (e.g., self-regulation and emotion control in inter-
personal contexts). EF, related to self-regulation, could be more important in explaining
these children’s social problems than social cognition.

EF

Between 53% and 80% of children in our study showed difficulties with INH, CF, and/or
WM, that is, more problems with EF than the general population. Similar to the social
cognition tests, there was considerable variability in the test scores, suggesting that many
but not all children with DMDD or ODD will show executive dysfunction. The (closer)
investigation of EF variability in the present study shed new light on previous work where
the clinical cutoffs, but not the degree of variability, were considered (Branden et al.,
2023). This means that, based on parent reports (Brenden et al., 2023) and task
performance, most children with DMDD might have EF difficulties. This is consistent
with findings indicating that children with DMDD have cognitive inflexibility (Adleman
et al., 2011; Dickstein et al., 2007) but challenges previous findings of intact INH abilities
(on a group level) in children with severe mood dysregulation (Deveney, Connolly, et al.,
2012). In the present study, we did not take ADHD symptoms into account. In a previous
study using the same sample, only those with DMDD+ADHD (and not those with
DMDD without ADHD) showed WM difficulties based on parent reports (Braenden
et al,, 2023). Presumably, WM problems in children with DMDD could be attributed to
ADHD comorbidity. Given that 81% of the children with ODD displayed WM difficul-
ties, it may be worth investigating how WM skills are associated with ODD versus ADHD
in an additional study. As diagnostic comorbidity is common in clinical populations, and
due to the great variability in the EF scores within both DMDD and ODD, it is important
to consider individual differences in EF.

Our results suggest that in children with DMDD, worse EF is associated with more
social problems and is more influential on their social problems than social cognition. As
EF influences whether a child manages to reflect on different behavioral responses
(Verhoef et al., 2022), our findings imply that worse EF could increase social problems
by prohibiting children with DMDD from remaining in reflective processing (e.g.,
reconsidering if their anger is justified). In children with ODD, a reversed tendency
was demonstrated; better EF was linked to more social problems. Furthermore, the
interaction between EF and social cognition significantly influenced the social problems
of children with ODD. The results indicate that when social cognition abilities are high,
the effect of EF on social problems is almost negligible, but as the social cognition abilities
decrease, the effect of EF on social problems becomes more pronounced. Thus, the social
problems of those with ODD only seem relatively more goal-directed when they also
have clear difficulties with understanding the mental states and emotions of others.
Whether one recognizes the interpersonal behavior of children with ODD as “willful”
or intentional (APA, 2013; El Ouardani, 2016) must thus be considered in the light that
most children with ODD (in our sample) show difficulties in EF and ToM compared with
the general population.

In those with DMDD, we did not find any evidence of an interaction effect. Of note,
with the present sample size, we could not examine the associations between EF, social
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cognition, and social difficulties at a subcomponent level. Furthermore, as we did not use
empirically derived composite scores (e.g., from factor analysis), we cannot exclude the
possibility of a common “performance” factor influencing our results (e.g., an overall
performance skill captured by the EF composite, suppressing a possible social cognition
effect). This might also have limited our ability to disentangle the influence of emotional-
based EF (i.e., the perception of emotions and understanding of others” emotions) versus
cognitive (nonemotional) EF on social problems. Future studies should allow for inves-
tigations at the subcomponent level using empirically derived composites and improved
measures of interpersonal problems.

As apparent from the present and previous studies (Freeman et al., 2016; W. Copeland
etal., 2013), many children with DMDD also fulfill the diagnostic criteria for ODD. Thus,
how can one understand the different neuropsychological mechanisms across the
groups? One possibility is that DMDD and ODD differ in the intensity and duration of
emotions. Presumably, after the inclusion of DMDD in the DSM-5, children with the
highest levels of irritability and anger for the longest period are diagnosed with DMDD
and not ODD. To be diagnosed with ODD, a child needs to exhibit argumentative or
defiant behavior, or vindictiveness, and not necessarily irritable mood. Compared with
those with DMDD, children with ODD might therefore be relatively less irritable and
angry. The social difficulties of those with DMDD could thus be more strongly linked to
high emotional arousal. By contrast, the social problems of children with ODD could be
better characterized as proactive or goal-directed. This explanation would fit the present
results and could be understood in line with the DSM-5’s categorization of DMDD as an
affective disorder and the diagnostic criteria of ODD focused on argumentative or defiant
behavior or vindictiveness (APA, 2013). An opportunity for future studies is to test how
(irritable) mood or emotional intensity interacts with EF and influences social problems
in children with DMDD versus ODD. This could help refine our understanding of these
disorders and may help inform the development of diagnostic criteria.

Strengths and limitations

A strength of our study is that it links neuropsychological function as measured by
behavioral tasks to reports of everyday social problems. We also tested differences
across groups with similar symptom expressions but with assumed different under-
lying or inherent phenomena as defined in the DSM-5, i.e., emotional dysregulation
versus oppositionality or intentionality. However, our study has several limitations.
First, in real-life situations, social cognition and EF may interact in a manner that is
not detectable by separating these variables in different contexts, i.e., in everyday
situations versus laboratory settings, and by different informants, i.e., the parent
versus the child. Future studies should link these variables to context and measure
interactional processes between them. Second, due to the correlational nature of our
study, we cannot assume a causative relationship between the variables. This means it
is yet to be determined if treatments targeting EF or ToM would have an effect.
Third, although we do not assume that each disorder is a completely discrete entity
(APA, 2013), we explored differences between groups. Our results indicate individual
differences and variability in social cognition and EF abilities within each diagnosis.
Fourth, our sample sizes are relatively small (e.g., prohibiting the use of
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subcomponent-level scores in the regression analyses), and fifth, consequences of the
COVID-19 pandemic (e.g., social restrictions, contagion, and disease in the family)
may have influenced the social problems reported in our study. Finally, the NEPSY-2
reference data used for the clinical cutoffs may be nonrepresentative of our sample.
As there is a lack of Norwegian norms for NEPSY-2, future studies should include
a healthy control group. Given the limitations of this study, future studies should use
larger samples (including nonclinical cases) and improved measures (including non-
categorical/nondiagnostic measures) to further understand the different kinds of
relationships between social-neurocognitive mechanisms and social difficulties in
children struggling with mood dysregulation or oppositional or defiant behavior.

Conclusion

Our study indicates that the neuropsychological mechanisms of DMDD and ODD could
be different. Children with ODD may struggle with understanding the mental states or
emotions of others, which when combined with better EF skills may result in more social
problems. By contrast, in children with DMDD, worse EF could result directly in more
social problems, regardless of their ability to understand the mental states or emotions of
others. Although more children with ODD showed ToM difficulties, few differences in
the social-cognitive correlates of DMDD versus ODD were found when not considering
the effect of these mechanisms on social problems. This highlights the importance of
considering the interactive processes between social-cognitive functions and daily-life
functioning for understanding mental illness. Although our findings need to be repli-
cated, our study suggests different neuropsychological mechanisms related to the social
problems of children struggling with DMDD versus ODD, which may require different
treatment interventions.
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