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Abstract

Psychopathology and cognitive development are closely related. Assessing the relationship between multiple domains of psychopathology and
cognitive performance can elucidate which cognitive tasks are related to specific domains of psychopathology. This can help build theory and
improve clinical decision-making in the future. In this study, we included 13,841 children and adolescents drawn from two large population-
based samples (Generation R and ABCD studies). We assessed the cross-sectional relationship between three psychopathology domains
(internalizing, externalizing, dysregulation profile (DP)) and four cognitive domains (vocabulary, fluid reasoning, working memory, and
processing speed) and the full-scale intelligence quotient. Lastly, differential associations between symptoms of psychopathology and cognitive
performance by sex were assessed. Results indicated that internalizing symptoms were related to worse performance in working memory and
processing speed, but better performance in the verbal domain. Externalizing and DP symptoms were related to poorer global cognitive per-
formance. Notably, those in the DP subgroup had a 5.0 point lower IQ than those without behavioral problems. Cognitive performance was
more heavily affected in boys than in girls given comparable levels of psychopathology. Taken together, we provide evidence for globally worse
cognitive performance in children and adolescents with externalizing and DP symptoms, with those in the DP subgroup being most heavily
affected.
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Introduction settings, cognitive performance is often tested concurrently.
Understanding how cognitive performance is altered in those with
symptoms of psychopathology can help the diagnostic process and
clinical decision-making. Thus, from both an etiological and a
clinical perspective, understanding which cognitive domains are
impaired, either across or within domains of psychopathology,
is of crucial importance.

Symptoms of behavioral problems derived from questionnaires
are often divided in two broad domains; internalizing (e.g., anxiety,
depression) and externalizing (e.g., aggressive behavior) symp-
toms. Additionally, the dysregulation profile (DP) resembles com-
bined symptoms of anxiety, attention problems and aggressive
behavior and is thus a reflection of combined internalizing and
externalizing symptoms (Althoff et al., 2010). Children with DP
symptoms are of particular interest. From a clinical perspective,
those children with DP symptoms have been shown to be at
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There is a saying from the 13th century that states “misfortunes
never come singly” (Simpson & Speake, 2009), which can easily be
applied to children with psychopathology. Symptoms of psychopa-
thology and cognitive performance are inherent to brain function,
and thus it is not surprising that they are closely related during
development (Frazier et al., 2004; Papachristou & Flouri, 2019;
Woagner et al., 2015). Indeed, both psychopathology symptoms
and cognitive deficits put children at risk for later adverse out-
comes (Althoff et al., 2010; Hofstra et al., 2002; Koenen et al.,
2009; Meyer et al., 2009). Relating specific types of psychopathol-
ogy to specific cognitive domains provides the opportunity to build
theories of the underlying neurobiology during development.
Further, when psychopathology is assessed in children in clinical
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etiological perspective, the DP is also a compelling phenotype to
study, as the underlying neurobiology of the DP may share com-
ponents with both internalizing and externalizing symptoms.

For internalizing symptoms, there is considerable evidence for
associations with global cognitive performance as well as specific
cognitive domains (Blanken et al., 2017; Davis et al., 2008; Favre
et al.,, 2008; Matthews et al., 2008; Toren et al., 2000; Wagner
et al., 2015). In clinical populations, anxiety has been linked to a
decreased full scale intelligence quotient (FSIQ), with impairments
across multiple cognitive domains (Davis et al., 2008). Likewise, for
cognitive functioning in children and adolescents with major
depressive disorder (MDD) a meta-analysis has found that chil-
dren with MDD had broad cognitive deficits, including lower per-
formance in working memory, verbal fluency, and a lower FSIQ
(Wagner et al.,, 2015). Further, studies in clinical and popula-
tion-based samples have observed impairments in the verbal per-
formance (Blanken et al, 2017; Toren et al, 2000), working
memory (Blanken et al., 2017; Matthews et al., 2008) and in
processing speed (Favre et al., 2008).

In the externalizing domain, studies have observed a lower
FSIQ in those with externalizing symptoms (Papachristou &
Flouri, 2019) as well as more focused deficits in executive function-
ing (Blanken et al., 2017). An 11-point lower IQ has been observed
in children with antisocial behavior as compared to typically devel-
oping children (Koenen et al., 2006). As cognitive deficits are pro-
posed to be at the core of neurodevelopmental disorders (Rutter
et al.,, 2006), many studies assessing the externalizing domain have
focused on Attention Deficit Hyperativity Disorder (ADHD) and
cognitive performance. Similar to studies on antisocial behavior, a
meta-analysis on cognitive performance in children with ADHD
found a 9 point lower IQ (Frazier et al., 2004). Further, worse work-
ing memory performance was observed in children with ADHD,
oppositional defiant disorder and conduct disorder as compared
to typically developing children (Sergeant et al., 2002).

Relatively few studies have specifically focused on children with
DP symptoms. In an earlier wave of the Generation R Study, an
11-point lower nonverbal IQ was observed in children classified
as having the DP compared to typically developing children (Basten
et al., 2014). These results are similar to those described above for
children with ADHD and antisocial behavior (Frazier et al., 2004;
Koenen et al., 2006) and indeed studies have failed to detect
differences in cognitive performance between children with ADHD
compared to those with comorbid DP symptoms (McGough et al,
2013; Peyre et al,, 2015). However, these studies only compared
those with ADHD and the DP in clinical and smaller samples.
Together with earlier work in which those with the DP appeared
to have a lower IQ than those with internalizing and externalizing
problems (Basten et al., 2014), this underlines the importance of
direct comparisons of psychopathology subgroups.

Despite the amount of effort spent on understanding how
psychopathology symptoms and cognitive performance are related,
there are crucial questions that remain unanswered. First, while stud-
ies comparing clinical diagnoses of psychopathology with typically
developing controls provide insight into the differences between cases
and controls, these clinical categories may not adequately capture the
underlying mechanisms. Second, earlier work has often compared dif-
ferent categories of psychopathology to typically developing children.
However, whether cognitive performance in specific domains can
distinguish between categories of psychopathology cannot be fully
assessed by comparing them individually to typically developing
children. Rather, it is important to directly compare cognitive
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performance across domains in children that show different types
of psychopathology (e.g., an internalizing subgroup vs. an external-
izing subgroup) in order to better understand the specificity of the
relationships. Lastly, even though sex has known effects on both
cognitive performance and behavioral problems (Halpern, 2013;
Martel, 2013), only some work has specifically tested whether asso-
ciations were different for boys and girls (Van der Ende et al,,
2016). Even though this study did not find differences, given the
known unequal prevalence rates for specific behavioral problems
between boys and girls, coupled with the paucity of studies, sex
differences warrant further exploration.

We aim to address these three knowledge gaps in two large pop-
ulation-based samples of children and adolescents. First, we aim to
assess the relationship between psychopathology and cognitive
performance within two large samples of children and adolescents
drawn from the general population. In line with the recommenda-
tions of the RDoC initiative, which aims for a better understanding
of the underlying mechanisms of dysfunction through assessment
of mental health traits along a continuous spectrum (Insel et al.,
2010), we use continuous measures of internalizing, externalizing,
and DP symptoms. While using continuous measures of psycho-
pathology symptoms can provide insight in the underlying mech-
anisms, this approach also has one potential downside. Seemingly
distinct domains of psychopathology (e.g., internalizing and exter-
nalizing symptoms) are likely to be, to some extent, correlated
(Achenbach et al., 2016). When assessing their relationship with
cognitive performance, it could be that some of the associations
observed with, for example, internalizing symptoms are actually
driven by their association with externalizing symptoms. Thus,
this continuous approach could mask specificity of individual
domains of psychopathology in their relationship with cognitive
performance. We have earlier identified more homogeneous
behavioral subgroups in our sample using a data-driven
approach (Blok et al., 2021). These homogeneous behavioral sub-
groups included adolescents without symptoms of psychopathol-
ogy, and an internalizing, externalizing, and DP subgroups. Thus,
within our first aim we incorporate both continuous and categorical
approaches. Second, we aim to directly compare mutually exclusive
subgroups of children and adolescents with internalizing, external-
izing, and DP symptoms, rather than only comparing them to the
typically developing children. This will provide insight into whether
specific domains of psychopathology are related to specific altera-
tions in cognitive performance. Third, we test whether an interaction
with sex is present in the relationship between behavioral problems
and cognitive performance. Based on earlier work, we hypothesized
that internalizing symptoms would be associated with impaired per-
formance on verbal and working memory tasks, that those with
externalizing symptoms would show global cognitive deficits that
are most pronounced in the working memory domain, and that
those with the DP would have global cognitive deficits which would
be significantly greater than the internalizing subgroup. Since only
one study has examined sex effects in the association between
psychopathology and cognition, we include the role of sex in explor-
atory analyses.

Methods
Participants

Participants were drawn from two large population-based cohorts,
the Adolescent Brain Cognitive Development (ABCD) study
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(Garavan et al.,, 2018) and the Generation R Study (hereafter
Generation R) (Jaddoe et al., 2012) and. The ABCD study
recruited participants through elementary schools from 21 par-
ticipating sites in the US, between September 2016 and August
2018. Children that participated in the cognitive and behavioral
assessment at 9 to 11 years of age (n =11,392) were eligible for
inclusion. The ABCD study aimed for a sample of which
approximately 50% of the participants showed early signs of
internalizing or externalizing symptoms (Casey et al., 2018).
As a substantial proportion of siblings, twins and triplets were
included, we randomly selected one child from each family to
participate, resulting in 9,641 children that were eligible for
inclusion.

Generation R is a longitudinal birth cohort study in Rotterdam,
the Netherlands. Pregnant women with a delivery date between
April 2002 and January 2006, who were living within specific
zip codes in Rotterdam, were invited for participation. Since
recruitment, families have participated in multiple waves of data
collection. For this study, all adolescents who participated in the
cognitive and behavioral assessment during the 13- to 16-year-
old assessment were included (n = 4,200). There were no prespe-
cified exclusion criteria for participation in the cognitive or behav-
ioral assessment. The follow-up rate was high (81.7% of the initial
sample was invited for participation in this wave of data collec-
tion). However, mothers from invited participants more often
had a Dutch national background and a high educational level than
those that discontinued participation (Kooijman et al., 2016). Both
studies were approved by the medical ethics committee or the insti-
tutional review board. Written informed consent and assent was
obtained prior to enrollment.

Measures

Cognitive performance

The ABCD study and Generation R and used a different set of tests
to assess cognitive performance. The cognitive domains assessed in
both studies included verbal comprehension, fluid reasoning,
working memory and processing speed.

In the ABCD study, the cognitive test battery consisted of the
NIH toolbox measures of cognition and additional measures that
have been described in more detail previously (Luciana et al,
2018). Briefly, to assess fluid reasoning, the Matrix Reasoning subt-
est from the WISC-V was used. Raw scores were converted to
T-scores (US WISC-V manual Table Al). Verbal comprehension
was measured using the Picture Vocabulary and the oral reading
recognition test, working memory was measured using the list sort-
ing working memory test, and processing speed was assessed using
a pattern comparison task. All NIH toolbox measures of cognition
were included to obtain a latent variable with a cognitive composite
score (CCS) that best represents the FSIQ, as described earlier
(Akshoomoff et al., 2013).

In Generation R, a subset of the Wechsler Intelligence Scale for
Children-Fifth Edition (WISC-V) was used (Kaufman et al., 2015).
The WISC-V is an instrument assessing individual cognitive func-
tioning in 6- to 16-year-olds. In collaboration with Pearson
(Pearson Clinical Assessment, San Antonio, TX, USA), four core
subtests from the WISC-V were selected to assess specific cognitive
domains and to derive an estimated FSIQ. All four subtest were
administered by trained research assistants. The Matrix Reasoning
and Coding subtests were administered via the Q-Interactive system
of Pearson (Daniel et al., 2014) on an iPad Air 2, which is used by the
child while the examiner remained in the room. These tests were
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automatically scored within the Q-Interactive system. For the
Vocabulary subtest, measuring verbal comprehension/reasoning,
adolescents had to provide definitions for words read out loud
by the examiner. Responses on this subtest were recorded with
an audio recorder, which could be used for scoring of the subtest,
additional to the responses written down by the examiner. Scoring
of the Vocabulary subtest was performed by research assistants. In
the Matrix Reasoning subtest, which measures fluid reasoning,
adolescents were provided with an incomplete matrix and asked
to select the completing response option. The Digit Span subtest,
measuring working memory, consisted of three separate tasks.
First, the adolescents were asked to repeat a sequence of numbers
in the same order that the numbers were presented. Second, the
adolescents were asked to repeat a sequence of numbers in reverse
order that the numbers were presented. Third, the adolescents were
asked to repeat a sequence ordered from low to high. Scoring of the
Digit Span subtest was performed by research assistants, after
which the three subtasks were equally weighted to compute a
Digit Span summary score. Lastly, in the subtest Coding, a measure
of processing speed, adolescents were introduced to a key with
numbers and corresponding symbols. Subsequently, with the
key still present on the screen, adolescents were asked to match
as many numbers with the corresponding symbols within 2
min. The digitally administered Coding subtest of the WISC-V
has reported issues of inflated scores following hardware and/or
software updates (Pearson, 2020). Together with Pearson, we
extensively checked for the presence of drift in scores over time.
We did not observe this drift in the current sample, likely because
hardware and software was held as constant as possible. In a small
number of adolescents (n = 132), the tablet was not functioning at
the time of the assessment. In these adolescents, the paper/pencil
version of the Matrix Reasoning and the Coding subtest was
administered.

Raw subtest scores of the Vocabulary, Matrix Reasoning, Digit
Span and paper and pencil version of the Coding subtests were con-
verted to age-standardized T-scores based on Dutch norm scores
(Dutch WISC-V manual Table Al). Importantly, given that the
iPad and paper and pencil version of the Matrix Reasoning task
are equivalent, no distinction in scoring (i.e., digitally vs. paper
and pencil) of this subtest is necessary. The Coding subtest has doc-
umented differences between the digital and paper and pencil
assessment (Raiford et al., 2016), therefore raw Coding subtest
scores were converted to raw paper pencil scores and then con-
verted to T-scores based on Dutch norm scores (personal contact
with Pearson, December 2020). T-scores for all subtests ranged
from 1 to 19 and were summed and converted to a four-subtest
estimated FSIQ. This custom index shows high reliability and sim-
ilarity with a FSIQ (average reliability across age 6-16: 0.93). The
reliability by age and the conversion table (Erasmus Index) can be
found in Tables S1 and S2. To make the results of the CCS and the
FSIQ analyses comparable, we scaled the CCS to the mean and
standard deviation observed on the FSIQ in Generation R.

Behavioral assessment

Child behavior was assessed using the Child Behavior Checklist
(CBCL) version 6-18 in both the ABCD study and Generation
R. This questionnaire is a reliable and valid questionnaire to assess
child behavior throughout childhood and adolescence. The CBCL
has 112 items, rated on a three-point Likert scale (0 = not true, 1 =
somewhat true, 2 = often true). The primary caregiver was asked to
complete the questionnaire and answer the questions regarding the
behavior of their child in the past 6 months. Scores for eight
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empirically derived syndrome scales can be calculated; Anxious/
Depressed, Withdrawn/Depressed, Somatic Complaints, Social
Problems, Thought Problems, Attention Problems, Rule-breaking
Behavior and Aggressive Behavior. These syndrome scales can be
summed up to three broader behavioral constructs, namely inter-
nalizing problems (sum score of Anxious/Depressed, Withdrawn/
Depressed and Somatic Complaints), externalizing problems (sum
score of Rule-breaking Behavior and Aggressive Behavior) and the
DP (sum score of Anxious/Depressed, Attention Problems and
Aggressive Behavior) (Achenbach & Rescorla, 2001). Crohnbach’s
alphas were calculated for all CBCL scales, based on the samples
included. These metrics indicated good to excellent internal consis-
tency (range: 0.87-0.93). Full results are reported in Table S3.

In addition to these three broad constructs, latent profile analy-
sis (LPA) was used to derive distinct behavioral subgroups from the
T-scores of the eight syndrome scales, as has been described pre-
viously for the Generation R sample (Blok et al., 2021). Subgroups
derived based on LPA were preferred over creating categorical sub-
groups based on subclinical cutoffs as (1) LPA can better capture
the complexity and diversity in symptoms, and (2) using LPA
mutually exclusive subgroups that allow for a head-to-head com-
parison are created. Thus, LPA allows for the creation of indepen-
dent groups, while maximizing the probability that a participant is
similar to others within the group. Details regarding the LPA are
provided in the supplemental material. Subgroup profiles and fit
indices for the ABCD study were very similar to those observed
in Generation R and are provided in Table S4 and Figure SI.
Four subgroups were observed in both samples, namely profiles
with no problem behavior, internalizing problems, externalizing
problems and the DP.

Covariates

Multiple parental and child characteristics were included as cova-
riates. Sex and date of birth of the child were obtained via question-
naire in the ABCD study and from medical records in Generation
R. Age of the child during assessment was calculated from the date
of birth and the assessment date. Race was assessed with the
Multigroup Ethnic Identity Measure Revised (MEIM-R) (Yoon,
2011) in the ABCD study, and categorized as Asian, Black,
Hispanic, White, and other. Child national origin was based on
the birth country of the parents in Generation R. Three categories
were used for child national origin, including Dutch, other Western
(American Western, Asian Western, European, Indonesian, and
Oceania) and non-Western (African, American non-Western,
Asian non-Western, Cape Verdean, Dutch Antilles, Moroccan,
Surinamese, and Turkish). Socioeconomic status was determined
based on household income and maternal education. Household
income was assessed through questionnaire and harmonized across
the two samples by categorizing in two levels, it was rated low in the
ABCD study if they had less than 25,000 dollar a year and in
Generation R when the household had less than 2,000 euro a
month; above these thresholds income was classified as above
low. Maternal education was assessed by questionnaire and divided
into low (ABCD study: education until 6th grade, Generation R: no
education, primary school), middle (ABCD study: education until
12th grade, high school diploma, associate degree, Generation R:
high school, vocational training), and high (ABCD study: educa-
tional level above associate degree, Generation R: higher vocational
training, university). Parental psychopathology was measured by
the Adult Self Report total problems scale T-scores (Achenbach
& Rescorla, 2003), in the ABCD study. In Generation R, parental
psychopathology was measured with the anxiety and depression
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subscales of the Brief Symptom Inventory in Generation R (De
Beurs, 2004). Maternal IQ was measured in Generation R only,
using a computerized version of the Ravens Advanced Progressive
Matrices Test, set I (Prieler, 2003).

Statistical analyses

Primary analyses

Our primary analyses aimed to assess the relationship between
continuous and categorical measures of psychopathology (inter-
nalizing, externalizing, and DP symptoms) and distinct cognitive
domains. All analyses were performed separately in the ABCD
study and Generation R. Linear regression analyses were used,
in which cognitive domains were entered as dependent variables,
and the continuous measures of psychopathology or subgroups
derived with LPA were used as independent variables. Separate
regression analyses were performed for each continuous measure
of psychopathology and each cognitive domain. As we used pop-
ulation-based samples, CBCL scales were right-skewed, thus we
square root transformed all continuous CBCL scales prior to run-
ning the analyses. To increase interpretability, we standardized all
cognitive and behavioral measures for our continuous analyses to a
mean of 0 and a standard deviation of 1. In the categorical
approach, unstandardized cognitive domains were used. The no
problems subgroup was entered as the reference group. All analy-
ses were adjusted for several covariates in two models. In the first
model we included child sex and age at assessment, in the second
model we additionally adjusted for child national origin/race,
socioeconomic status and parental psychopathology.

Secondary analyses

In our secondary analyses we tested whether there was an effect of
sex on the relationship between continuous measures of psychopa-
thology and cognitive performance. Therefore, continuous analy-
ses were repeated, including an interaction term for sex.

Post hoc analyses

Three types of post hoc analyses were conducted. First, following
our continuous analyses, we performed linear regression analy-
ses to assess whether specific syndrome scales underlying the
assessed broadband CBCL scales (internalizing, externalizing,
and DP) were associated with cognitive domains. Second, fol-
lowing the categorical analyses, psychopathology subgroups
were directly compared; thus, in separate models, we entered
the internalizing and externalizing subgroups as the reference
group. Lastly, when significant interaction effects with biologi-
cal sex were detected in our secondary analyses, post hoc simple
slopes analyses were conducted.

Sensitivity analyses

To assess whether the relationship was independent of maternal
IQ, sensitivity analyses were performed within Generation R,
where maternal IQ was added as a covariate. Further, to assess
whether the group of children that scored in the lowest 25% on
the CCS/FSIQ measure was driving the obtained results.
Continuous analyses were repeated excluding all children scor-
ing under the first quantile (CCS: 94.8, FSIQ: 93.0). Lastly, cat-
egorical analyses were repeated, in which the presence of
subclinical psychopathology traits was based on raw score cut-
offs. Children and adolescents that scored above the 80th per-
centile on internalizing, externalizing, or DP symptoms were
coded to have subclinical symptoms, children and adolescents
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that scored below this threshold were coded to have no
symptoms.

Analyses were performed in R version 3.6.3 (R Core Team,
2013). Missing covariates were imputed using multiple imputa-
tion through chained equations (mice) (van Buuren et al., 2015),
with 30 imputed datasets and 30 iterations per dataset with a
maximum of 15.8% missing. Primary and exploratory analyses
were corrected for multiple testing using the FDR-Benjamini-
Hochberg procedure for a total of 99 tests (Benjamini &
Hochberg, 1995).

Results
Sample characteristics

Sample characteristics, including demographics, levels of psycho-
pathology, number of children and adolescents included in each
psychopathology subgroup, and cognitive performance for both
samples are shown in Table 1. In the ABCD study approximately
half of the children were White (51.0%), and in Generation R, the
majority of adolescents had a Dutch background (64.5%). Both sam-
ples had a high SES on average, with most parents classified as having
a high education level (ABCD study: 53.0%, Generation R: 56.7%) and
an above low income (ABCD study: 77.2%, Generation R:
71.0%). In Table 2, the sample characteristics split by biological
sex are provided. Within sample comparisons showed small, but
mostly significant differences between boys and girls. Lastly, in
Generation R a nonresponse analysis was performed comparing
those participants who were included at baseline but did not
take part in the current study, to those included in the current
study. Comparing data collected at baseline, the participants
who were included in this study were more often girls (x> =
7.86, df=1, p =.005), had a Dutch national background (y*=
446.40, df =2, p < 2.20 x 107'%), and had mothers with a higher
educational level (y*>=189.99, df=2, p < 2.20 X 107'°), higher
household income (x> =216.50, df=1, p < 2.20 x 107'°), lower
anxiety (mean difference =0.30, t-statistic =3.74, df=2108.5,
p=1.87 x 107*), and lower depressive symptoms (mean differ-
ence = 0.36, t-statistic =4.18, df=2010.1, p=3.06 X 107°).

Continuous measures of psychopathology

Internalizing symptoms

For internalizing symptoms, we found worse processing speed per-
formance in the first, but not the second model, within the ABCD
study. Contrary, we observed better performance in children
with higher internalizing problems for the picture vocabulary
subtest (f =0.03, SE=0.01, p-value =.012). In the Generation
R Study, worse working memory (p = —0.04, SE =0.02, p-value =
.006) and processing speed (= —0.06, SE=0.02, p-value <.001)
performance was observed. Additionally, a lower FSIQ was observed
after adjustment for child sex and age at assessment (model 1), but
this association disappeared in model 2, after additional adjustment
for child national origin/race, SES, and parental psychopathology
(Table 3). In our second model associations became significant that
did not reach statistical significance in our first models, suggesting
negative confounding effects of the variables included in the second
model (national origin/race, SES, and parental psychopathology). In
the ABCD study higher internalizing symptoms were associated
with a lower CCS (f=—0.03, SE=0.01, p-value=.01), and in
Generation R, higher internalizing symptoms were related to better
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ABCD study  Generation R
(n=9,641) (n =4,200)
Age (M, SD) 9.90 (0.62) 13.53 (0.37)

Sex (N, % female)

4,564 (47.3%)

2,140 (51.0%)

Ethnicity (N, %)

Dutch

2,707 (64.5%)

Other Western

367 (8.7%)

Non-Western

1,089 (25.9%)

Asian 223 (2.3%) -
Black 1,449 (15.0%) =
Hispanic 2,033 (21.1%) -
White 4,918 (51.0%) -
Other 1,005 (10.4%) =
Missing 13 (0.1%) 37 (0.9%)
Education (N, %)

Low 72 (0.7%) 93 (2.2%)
Middle 4,445 (46.1%) 1,296 (30.9%)
High 5,112 (53.0%) 2,380 (56.7%)
Missing 12 (0.1%) 431 (10.3%)

Family income (N, %)

< €2,000 per month/$25.000 per year

1,363 (14.1%)

610 (14.5%)

> €2,000 per month/$25.000 per year

7,446 (77.2%)

2,981 (71.0%)

Missing 832 (8.6%) 609 (14.5%)
Parental psychopathology (median, IQR)

Anxiety symptoms - 1(0-2)
Depressive symptoms - 0 (0-1)
Adult Self Report (total problems) 43 (36-50) -
Missing 81 (0.8%) 665 (15.8%)
Maternal IQ (M, SD) - 98.6 (14.3)
Missing - 394 (9.4%)
Child psychopathology (median, IQR)

Internalizing symptoms (raw CBCL scores) 3(1-7) 4 (1-8)
Externalizing symptoms (raw CBCL scores) 2 (0-6) 2 (0-6)
DP symptoms (raw CBCL scores) 6 (2-13) 6 (3-12)

Subgroups of psychopathology (N, %)

No problems 7,500 (77.8%) 3,278 (78.0%)
Internalizing 1,020 (10.6%) 368 (8.8%)
Externalizing 702 (7.3%) 433 (10.3%)
DP 419 (4.3%) 121 (2.9%)
Cognitive performance (M, SD)

Vocabulary/Picture vocabulary 84.5 (8.1) 9.8 (2.9)
Oral reading 91.0 (6.9) -
Fluid reasoning 9.1 (2.9) 9.3 (2.7)
Working memory 96.7 (12.1) 9.6 (2.8)
Processing speed 87.9 (14.6) 12.8 (3.4)
FSIQ/CCS 102.6 (13.7) 102.6 (13.7)
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Table 2. Cognitive performance and psychopathology levels stratified by sex

ABCD study Generation R
Girls Boys Girls Boys

(n=4,564) (n=5,077) (n=2,140) (n=2,060)
Child psychopathology (median, IQR)
Internalizing symptoms (raw CBCL scores) 3(1-7) 3(1-7) 4 (2-8) 4 (1-7) *
Externalizing symptoms (raw CBCL scores) 2 (0-5) 3(1-7) * 2 (0-5) 3(1-7) *
DP symptoms (raw CBCL scores) 5 (2-11) 7 (3-14) * 6 (2-12) 7 (3-13) *
Subgroups of psychopathology (N, %)
No problems 3,688 (80.8%) 3,812 (75.1%) * 1,654 (77.3%) 1,624 (78.8%)
Internalizing 426 (9.3%) 594 (11.7%) % 192 (9.0%) 176 (8.5%)
Externalizing 315 (6.9%) 387 (7.6%) * 232 (10.8%) 201 (9.8%)
DP 135 (3.0%) 284 (5.6%) * 62 (2.9%) 59 (2.9%)
Cognitive performance (M, SD)
Vocabulary/Picture vocabulary 84.3 (8.2) 84.8 (8.1) * 10.0 (2.9) 9.7 (2.9) *
Oral reading 91.0 (6.8) 91.0 (7.1) - -
Fluid reasoning 9.3 (2.8) 9.0 (2.9) * 9.4 (2.6) 9.2 (2.8) *
Working memory 96.2 (12.0) 97.0 (12.2) * 9.6 (2.7) 9.6 (2.9)
Processing speed 88.9 (14.2) 87.1 (14.8) * 13.7 (3.2) 12.0 (3.3) *
FSIQ/CCS 102.9 (13.5) 102 (13.9) * 104.5 (13.0) 100.7 (14.0) *

Note. * Indicates a significant difference between boys & girls within one sample (p < .05). T-tests and y2-tests were performed to compare the groups for psychopathology traits and cognitive

performance.

performance on the vocabulary subtest (f=0.04, SE=0.02,
p-value =.007).

Externalizing and DP symptoms

Children and adolescents with greater externalizing and DP symp-
toms had lower cognitive performance across all cognitive
domains. One exception was the verbal domain in Generation
R, in which no statistically significant association was observed
with DP symptoms after correction for multiple testing (Table 3).

Categorical subgroups of psychopathology

Our categorical approach provided very similar results to those
obtained in our continuous analyses (Figure 1 and Table 4). In
the internalizing subgroup, worse performance in working memory,
processing speed, and the FSIQ/CCS was observed in both samples.
The externalizing and DP subgroups showed global worse perfor-
mance in both samples. In the ABCD study, an exception was the
processing speed subtest in the externalizing subgroup, which did
not reach statistical significance. Additionally, the verbal domain
was not significant for the DP subgroup and only reached statistical
significance in the first model for the externalizing subgroup, within
Generation R.

Interaction with sex

An interaction effect of sex was observed for externalizing symp-
toms and the CCS (p = 0.03, SE = 0.02, p = .043) within the ABCD
study. In Generation R, interaction effects with sex were observed
with the working memory subtest in Generation R for internalizing
symptoms (P =—0.06, SE=0.03, p-value=.033), externalizing
symptoms (f = —0.07, SE = 0.03, p-value = .016), and DP symptoms
(B=-0.11, SE=0.03, p-value<.001). Additionally, interaction
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effects were observed with the FSIQ for externalizing symptoms
(p=-0.07, SE=0.03, p-value=.029) and DP symptoms (p =
—0.09, SE=0.03, p-value =.003). After correction for multiple
testing, the association between working memory and externaliz-
ing or DP symptoms and the FSIQ and DP symptoms remained
statistically significant. Full results for interaction effects with sex
are shown in Table 5.

Post hoc analyses

Syndrome scales underlying internalizing, externalizing, and
DP scales

The first set of post hoc analyses assessed the relationship between
cognitive performance and the syndrome scales underlying the
included broad CBCL scales. Interestingly, most of the observed
effects in the broad scales were mirrored in the underlying syn-
drome scales. A notable exception was the positive relationship
between the vocabulary domain and internalizing symptoms. In
the ABCD study, none of the individual syndrome scales was asso-
ciated with higher performance on the verbal tasks, whereas in
Generation R higher performance was mainly driven by the with-
drawn/depressed, and to a lesser extent by the anxious/depressed
symptoms. Further, regarding the internalizing domain, the lower
CCS observed in the ABCD study was driven mainly by the anxious/
depressed and withdrawn/depressed syndrome scales. Negative asso-
ciations for working memory and processing speed were present for
anxious/depressed symptoms and somatic complaints, but not for
withdrawn/depressed symptoms, in Generation R. Lastly, while all
syndrome scales underlying the DP showed the negative associations
with cognitive performance observed for the DP, the attention prob-
lems syndrome scale was most strongly associated to cognitive perfor-
mance. Full results are shown in Table S5.
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Table 3. Associations between continuous symptoms of psychopathology and cognitive performance

Internalizing Externalizing Dysregulation profile
Sample Measure Model B SE p-value B SE p-value B SE p-value
ABCD study Picture vocabulary Model 1 0.03 0.01 2.18E-03 —0.09 0.01 2.00E-16 —0.04 0.01 3.16E-05
Model 2 0.03 0.01 1.18E-02* —0.06 0.01 3.11E-10% —0.05 0.01 4.41E-07*
Oral reading Model 1 0.00 0.01 7.78E-01 —0.10 0.01 2.00E-16 —0.09 0.01 2.00E-16
Model 2 0.00 0.01 9.17E-01 —0.08 0.01 3.56E-13* —0.11 0.01 2.00E-16*
Fluid reasoning Model 1 0.00 0.01 7.29E-01 —0.10 0.01 2.00E-16 —0.07 0.01 6.00E-12
Model 2 —0.01 0.01 5.88E-01 —0.08 0.01 9.97E-14* —0.08 0.01 4.20E-13*
Working memory Model 1 —0.01 0.01 2.92E-01 —0.10 0.01 2.00E-16 —0.09 0.01 2.00E-16
Model 2 —0.02 0.01 9.00E-02 —0.09 0.01 2.00E-16* —0.11 0.01 2.00E-16*
Processing speed Model 1 —0.02 0.01 3.76E-02 —0.05 0.01 9.19E-07 —-0.07 0.01 6.89E-13
Model 2 —0.02 0.01 1.36E-01 —0.03 0.01 1.06E-02* —0.08 0.01 3.29E-11*%
Cognitive composite score Model 1 —0.02 0.01 7.77TE-02 —0.14 0.01 2.00E-16 -0.12 0.01 2.00E-16
Model 2 —0.03 0.01 1.34E-02* —0.11 0.01 2.00E-16* —0.15 0.01 2.00E-16*
Generation Ry capylary Model 1 0.02 002  296E-01 —0.05 002  3.71E-04 —0.04 002  1.36E-02
Model 2 0.04 0.02 7.23E-03* —0.03 0.01 1.94E-02* —0.03 0.01 4.65E-02
Fluid reasoning Model 1 —0.03 0.02 6.21E-02 —0.09 0.02 1.84E-08 —0.08 0.02 2.80E-07
Model 2 —0.01 0.02 5.81E-01 —0.07 0.02 4.27E-06* —0.07 0.02 4.77E-06*
Working memory Model 1 —0.06 0.02 9.82E-05 —0.10 0.02 1.93E-11 —0.13 0.02 2.00E-16
Model 2 —0.04 0.02 6.05E-03* —0.09 0.02 1.47E-08* —0.12 0.02 8.88E-16*
Processing speed Model 1 —0.06 0.01 6.54E-05 —-0.10 0.01 6.21E-11 —-0.15 0.01 2.00E-16
Model 2 —0.06 0.02 1.35E-04* —0.10 0.02 3.35E-10% —0.15 0.02 2.00E-16*
FSIQ Model 1 —0.05 0.02 1.12E-03 —0.13 0.02 2.22E-16 —0.15 0.02 2.00E-16
Model 2 —0.03 0.02 6.96E-02 —0.11 0.01 1.22E-12%* —0.14 0.01 2.00E-16*

Note. Model 1 was corrected for child sex and age at assessment, model 2 was additionally corrected for child national origin/race, socioeconomic status and parental psychopathology.
Psychopathology and cognitive performance measures were standardized to obtain f§ coefficients. Results that are significant at p < .05 are shown in bold, * represent the results that remained

significant after multiple testing correction.

Direct comparison categorical subgroups of psychopathology
In the second set of post hoc analyses, we compared the mutually
exclusive subgroups of psychopathology. Direct comparison with
the internalizing subgroup revealed differences in the verbal
domain of the externalizing subgroup in the ABCD study
(Picture vocabulary: B=—0.97, SE=0.34, p-value=.004) and
Generation R (B=-0.43, SE=0.20, p-value =.028), with the
externalizing subgroup performing worse than the internalizing
subgroup. In the ABCD study, the externalizing subgroup addi-
tionally performed significantly worse on the fluid reasoning subt-
est (B=—0.34, SE=0.13, p-value =.009) and had a lower CCS
(B=-1.16, SE=0.56, p-value =.038). Children in the DP sub-
group performed worse on all cognitive domains except processing
speed as compared to those in the internalizing subgroup, in the
ABCD study. In Generation R, those in the DP subgroup per-
formed worse compared to those in the internalizing subgroup
on fluid reasoning (B=-0.84, SE=0.27, p-value=.002) and
FSIQ (B = —3.26, SE = 1.35, p-value = .016). Comparing the exter-
nalizing and DP subgroup directly, those in the DP showed worse
performance in the working memory domain (B=-1.81,
SE =10.70, p-value =.009) and the CCS (B=-1.54, SE=0.71, p
=.029) in the ABCD study only. Full results for the direct compar-
isons are shown in Tables S6 and S7.
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Simple slopes analyses

Simple slopes analyses of the significant interaction effects indi-
cated that cognitive domains were more heavily affected in boys
than in girls with comparable psychopathology symptoms. Full
results for the simple slopes analyses are presented in Table 6,
and plots are provided in Figure 2.

Sensitivity analyses

We performed three sets of sensitivity analyses. In the first set,
we additionally adjusted for maternal IQ in Generation R.
Obtained results were in both the continuous and categorical
analyses very comparable to those in model 2, full results are
shown in Tables S8 and S9. Second, we excluded children scor-
ing below the first quartile of the CCS/FSIQ measure. Some of
the effects, most notably those observed for externalizing and
DP symptoms, attenuated after excluding these children.
However, the majority of the findings remained statistically sig-
nificant. Full results are presented in Table S10. Finally, cat-
egorical analyses were repeated using raw score cutoffs. The
results were largely consistent with the continuous analyses in
both cohorts and are described in Table SI11.


https://doi.org/10.1017/S0954579422000165
https://doi.org/10.1017/S0954579422000165
https://doi.org/10.1017/S0954579422000165
https://doi.org/10.1017/S0954579422000165
https://doi.org/10.1017/S0954579422000165
https://doi.org/10.1017/S0954579422000165
https://doi.org/10.1017/S0954579422000165

Development and Psychopathology

ABCD-study

933

"y !;l o

Psychopathology subgroup

. Internalizing

om
. Externalizing
. Dysregulation Profile
—44
76 1 T T T T T T
Picture Oral Fluid Working Processing Cognitive
Vocabulary Reading Reasoning Memory Speed Composite
Score
Cognitive domain
Generation R
—24
Psychopathology subgroup
. Internalizing
m
4 . Externalizing
. Dysregulation Profile
-5 -
VocaE)uiary Fluid Re:asoning Working'lvlemory Processlrlwg Speed FE‘:IQ

Cognitive domain

Figure 1. Cognitive performance of children in subgroups of psychopathology as compared to those with no behavioral problems.

Discussion

We examined the relationship between broad symptom domains
of psychopathology and multiple domains of cognitive perfor-
mance using both continuous and categorical approaches. In the
latter we also directly compared mutually exclusive subgroups of
psychopathology. Lastly, we explored the effect of sex on the rela-
tionship between psychopathology and cognitive performance.
Regarding internalizing symptoms, we observed worse perfor-
mance in the working memory and processing speed subtests,
but contrary to our hypotheses, we also found better performance
in the verbal domain, both in the Generation R and ABCD studies.
In line with our hypothesis, we found evidence for worse cognitive
performance across domains in children and adolescents with
externalizing and DP symptoms. Notably, we observed a 5.0 point
lower FSIQ in the DP subgroup compared to typically developing
children and adolescents, even after correction for multiple covariates.
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When compared to children and adolescents in the internalizing and
externalizing subgroups, those in the DP subgroup also had worse
cognitive performance. Lastly, we show that the relationship between
cognitive performance (working memory and FSIQ) and psychopa-
thology is stronger in adolescent boys than in girls.

Our categorical analyses showed a lower FSIQ/CCS in those
with internalizing symptoms, driven by worse performance in
working memory and processing speed, which is in line with earlier
work in both clinical and population-based settings (Blanken et al.,
2017; Davis et al., 2008; Favre et al., 2008; Matthews et al., 2008;
Papachristou & Flouri, 2019). The working memory and process-
ing speed together form the cognitive proficiency index of the
WISC-V, which measures how efficient information is processed
(Kaufman et al., 2015). Indeed, the attentional control theory
makes a distinction between performance effectiveness (i.e., how
accurate is the task performed) and performance efficiency (i.e.,
how many resources are spent on the task) (Eysenck et al., 2007).
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Table 4. Associations between categorical subgroups of psychopathology and cognitive performance

Internalizing Externalizing Dysregulation Profile
Sample Measure Model B SE p-value B SE p-value B SE p-value
ABCD study Picture vocabulary Model 1 —0.18 0.26 4.94E-01 —2.52 0.31 6.66E-16 —2.64 0.40 2.78E-11
Model 2 —0.32 0.25 1.87E-01 -1.29 0.28 4.59E-06* —-1.31 0.37 3.59E-04*
Oral reading Model 1 —0.46 0.22 4.27E-02 —1.98 0.27 8.24E-14 -2.79 0.34 2.22E-16
Model 2 —0.49 0.22 2.7T1E-02* —1.08 0.26 2.50E-05* -1.78 0.33 9.74E-08%*
Fluid reasoning Model 1 —0.09 0.09 3.61E-01 —-0.78 0.11 2.18E-12 -1.11 0.14 3.55E-15
Model 2 —0.11 0.09 2.28E-01 —0.46 0.11 2.84E-05* —0.76 0.14 9.34E-08*
Working memory Model 1 —0.94 0.40 1.81E-02 —3.42 0.47 3.38E-13 —5.28 0.60 2.00E-16
Model 2 —1°19 0.40 2.70E-03* —2.11 0.46 4.26E-06* -3.92 0.60 5.33E-11*
Processing speed Model 1 -1.16 0.47 1.46E-02 -1.96 0.56 4.65E-04 -3.09 0.71 1.53E-05
Model 2 —1.06 0.50 3.40E-02 —0.97 0.57 9.10E-02 -1.97 0.75 8.53E-03*
Cognitive composite score Model 1 -1.71 0.43 7.77E-05 —5.34 0.51 2.00E-16 —-7.03 0.65 2.00E-16
Model 2 -1.96 0.40 1.29E-06* -3.11 0.46 2.17E-11* —4.66 0.60 1.49E-14*
Generation Ry capylary Model 1 010 016  539E-01 —038 015  1.20E-02 —024 027  3.80E-01
Model 2 0.20 0.15 2.03E-01 —0.23 0.14 9.96E-02 0.05 0.26 8.51E-01
Fluid reasoning Model 1 —-0.11 0.15 4.73E-01 —0.46 0.14 8.19E-04 -1.07 0.25 1.56E-05
Model 2 —0.03 0.15 8.57E-01 —0.36 0.13 7.39E-03* -0.87 0.24 3.72E-04*
Working memory Model 1 —0.48 0.15 1.52E-03 —0.62 0.14 1.10E-05 -1.16 0.26 5.83E-06
Model 2 —0.40 0.15 8.21E-03* —0.53 0.14 1.54E-04* —0.94 0.25 1.74E-04*
Processing speed Model 1 —0.82 0.18 3.66E-06 —0.80 0.17 1.34E-06 -1.25 0.30 2.89E-05
Model 2 —0.81 0.18 6.22E-06* —-0.79 0.17 1.97E-06* —-1.21 0.30 5.96E-05*
FSIQ Model 1 —2.24 0.74 2.44E-03 —3.80 0.69 3.18E-08 —6.31 1.24 3.97E-07
Model 2 -1.77 0.72 1.39E-02* -3.21 0.66 1.28E-06* —-5.03 1.20 2.88E-05*

Note. Model 1 was corrected for child sex and age at assessment, model 2 was additionally corrected for child national origin/race, socioeconomic status, and parental psychopathology. Results
that are significant at p <.05 are shown in bold, * represent the results that remained significant after multiple testing correction.

Internalizing symptoms include depressive symptoms as well as
anxiety. In depression, having slowed thought processes is a key
symptom (American Psychiatric Association, 2013), which may
underlie the lower processing speed. Moreover, although specula-
tive, it could be that anxious thoughts consume some cognitive
capacity, which in turn reduces the resources available for other
tasks. Thus, those with internalizing symptoms could perform worse
on tasks with increased demand of resources, such as working
memory tasks.

Contrary to our hypothesis, we observed a positive relationship
between internalizing symptoms and verbal performance. In line
with these results, earlier work in undergraduate students observed
a positive relationship between verbal skills and ruminating, and
between verbal skills and internalizing symptoms (Penney et al.,
2015). Potentially, for susceptible individuals, better verbal skills
could lead to greater rumination, which can eventually lead to
internalizing symptoms. However, there are also many studies that
reported a negative relationship or did not find evidence for a rela-
tionship between internalizing symptoms and verbal performance
(Ang et al., 2020; Blanken et al,, 2017; Bornstein et al., 2013;
Castagna et al., 2021; NoackLeSage et al, 2019; Toren et al,
2000). Multiple explanations could underlie these differences in
findings. First, disparate findings between studies could be attrib-
uted to sample differences. For example, within the ABCD study,
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recent work has shown that those with a current depression had a
lower verbal performance than typically developing children, but
no differences were observed between typically developing chil-
dren and those at high-risk or those that had remitted from a
depression (Ang et al., 2020). In our study, we focused on children
with mostly subclinical symptoms, suggesting that the positive
relationship may be present for subclinical, but not current clinical
symptoms. Second, both internalizing symptoms and verbal per-
formance are multifaceted. It is possible that the positive relation-
ship observed here is present for some, but not all of the multi-
facetted elements. This idea is supported by our findings that
the relationship was driven by anxiety/depressed and with-
drawn/depressed symptoms, but not somatic complaints, as well
as findings from earlier work. A previous study in early childhood
showed that separation anxiety was related to lower reading
achievement, whereas harm avoidance was related to higher
achievement (Grills-Taquechel et al., 2013). Additionally, recent
work showed that those with low worrying symptoms, as opposed
to high worrying symptoms, in combination with high physical
anxiety, had a higher verbal performance (Castagna et al., 2021).

Children and adolescents with externalizing and DP symptoms
showed global cognitive deficits. This is in line with earlier findings
in children with ADHD, antisocial behavior, and the DP (Basten
et al,, 2014; Frazier et al., 2004; Koenen et al., 2006). Factors
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Table 5. Interaction effect of sex on the associations between continuous symptoms of psychopathology and cognitive performance
Internalizing Externalizing Dysregulation profile

Sample Measure Model B SE p-value B SE p-value B SE p-value
ABCD study Picture vocabulary Model 1 —0.05 0.02 1.43E-02 0.01 0.02 7.99E-01 —0.04 0.02 2.56E-02
Model 2 —0.03 0.02 1.06E-01 0.02 0.02 3.52E-01 —0.03 0.02 1.08E-01
Oral reading Model 1 —0.03 0.02 1.15E-01 0.00 0.02 9.36E-01 —0.03 0.02 1.34E-01
Model 2 —0.02 0.02 3.32E-01 0.01 0.02 7.66E-01 —0.02 0.02 3.31E-01
Fluid reasoning Model 1 —0.03 0.02 1.09E-01 0.02 0.02 3.37E-01 —0.02 0.02 4.05E-01
Model 2 —0.02 0.02 3.25E-01 0.03 0.02 1.53E-01 —0.01 0.02 7.91E-01
Working memory Model 1 —0.03 0.02 1.37E-01 0.00 0.02 9.89E-01 —0.02 0.02 4.36E-01
Model 2 —0.02 0.02 4.07E-01 0.01 0.02 6.97E-01 0.00 0.02 8.69E-01
Processing speed Model 1 0.00 0.02 9.00E-01 0.03 0.02 1.30E-01 0.00 0.02 9.57E-01
Model 2 0.01 0.02 6.78E-01 0.03 0.02 1.05E-01 0.01 0.02 7.43E-01
Cognitive composite score Model 1 —0.03 0.02 1.51E-01 0.02 0.02 2.03E-01 —0.02 0.02 2.84E-01
Model 2 —0.01 0.02 6.01E-01 0.03 0.02 4.32E-02 0.00 0.02 8.07E-01
Generation Ry capulary Model 1 0.00 0.3  9.44E-01  —0.04 003  1.55E-01 —0.04 003  1.59E-01
Model 2 0.00 0.03 9.43E-01 —0.04 0.03 1.67E-01 —0.04 0.03 1.53E-01
Fluid reasoning Model 1 0.00 0.03 9.60E-01 —0.04 0.03 2.51E-01 —0.03 0.03 2.65E-01
Model 2 0.00 0.03 9.62E-01 —0.03 0.03 2.77E-01 —0.03 0.03 2.78E-01
Working memory Model 1 —0.06 0.03 4.16E-02 —0.08 0.03 1.45E-02 —-0.11 0.03 4.89E-04

Model 2 —0.06 0.03 3.26E-02 —0.07 0.03 1.63E-02* —0.11 0.03 4.20E-04*
Processing speed Model 1 —-0.03 0.03 2.87E-01 —-0.03 0.03 3.10E-01 —0.05 0.03 7.40E-02
Model 2 —0.03 0.03 2.58E-01 —0.03 0.03 3.18E-01 —0.05 0.03 7.02E-02
FSIQ Model 1 —0.04 0.03 2.33E-01 —0.07 0.03 2.7T1E-02 —0.09 0.03 3.98E-03

Model 2 —0.04 0.03 1.97E-01 —0.06 0.03 2.86E-02 —0.09 0.03 3.04E-03*

Note. Model 1 was corrected for child sex and age at assessment, model 2 was additionally corrected for child national origin/race, socioeconomic status and parental psychopathology.
Psychopathology and cognitive performance measures were standardized to obtain f coefficients. Results that are significant at p < .05 are shown in bold, * represent the results that remained

significant after multiple testing correction.

Table 6. Simple slopes analyses for significant sex interactions on the associations between continuous symptoms of psychopathology and cognitive performance

Relationship Child biological sex B SE p-value
Working memory and externalizing symptoms el —005 0.02 1.34E-02
Boy —0.12 0.02 1.03E-07
Working memory and DP symptoms Girl —0.08 0.02 2.82E-04
Boy —0.18 0.02 1.60E-14
FSIQ and DP symptoms Girl —-0.10 0.02 5.91E-07
Boy —0.19 0.02 2.00E-16

Note. Models were corrected for child sex and age at assessment, child national origin/race, socioeconomic status and parental psychopathology. Psychopathology and cognitive performance

measures were standardized to obtain p coefficients.

contributing to these global deficits could be genetic, environmen-
tal or stochastic processes (White, 2019). Within the domain of
modifiable factors, education plays an important role in cognitive
development. Externalizing symptoms can interfere with school
functioning (Moilanen et al., 2010; Van der Ende et al, 2016)
and worse academic performance can lead to increased external-
izing symptoms (Moilanen et al., 2010). Potentially, breaking this
vicious cycle can improve cognitive development in those with
externalizing symptoms. To date only one study has assessed the
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relationship between DP symptoms and educational attainment,
showing that in adulthood the highest educational level is lower in
those with more DP symptoms (McQuillan et al., 2018). Future stud-
ies should assess the relationship between cognitive performance and
DP symptoms using longitudinal models and compare the discrep-
ancy between academic performance and IQ in this group to elucidate
how much school performance is hampered by DP symptoms.

A qualitative comparison between the relationships observed in
children (ABCD study) and adolescents (Generation R) reveals
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Figure 2. Simple slopes analyses for significant sex interactions on the associations between continuous symptoms of psychopathology and cognitive performance.

that both in childhood and adolescence externalizing and DP
symptoms are related to lower cognitive performance. While effect
sizes cannot be directly compared for most cognitive domains, due
to the use of different measures of cognitive performance, the
Matrix Reasoning subtask, which measured fluid reasoning, was
used in both cohorts. Effect sizes were highly similar, indicating
that this relationship was similar in childhood and adolescence.
However, regarding DP symptoms, earlier work within Generation
R has revealed an 10.9 point lower nonverbal IQ in early childhood
after adjustment for age and sex (Basten et al., 2014), whereas here we
observed a 6.3 point lower IQ using the same covariates. While this
difference could be explained by a multitude of environmental and
methodological differences, it is likely that the magnitude of the rela-
tionship between DP symptoms and cognitive performance under-
goes some change over time.

Few studies have directly compared subgroups with distinct
patterns of psychopathology, and thus did not assess the specificity
of cognitive performance differences between domains of
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psychopathology (McGough et al, 2013; Peyre et al, 2015).
Compared to the internalizing subgroup, children in the externalizing
group performed worse on vocabulary, fluid reasoning, and CCS in
the ABCD study, but adolescents only performed worse on the
vocabulary subtest in Generation R. Those in the DP subgroup
showed a lower FSIQ than those in the internalizing subgroup, driven
by worse performance on all domains in the ABCD study and on fluid
reasoning in Generation R. Regarding the difference between the
externalizing and DP subgroup, earlier work examining differences
between ADHD and DP was unable to discriminate between the
two (McGough et al,, 2013; Peyre et al., 2015). Here, we show that
children in the DP subgroup have worse working memory perfor-
mance and CCS than those in the externalizing subgroup.

In Generation R, boys with externalizing and DP symptoms
performed worse than girls on the working memory subtest. For
DP symptoms, boys also had worse performance than girls on
the FSIQ. Thus, for those domains the relationship between
psychopathology and cognitive performance is stronger in boys
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than in girls. These findings, together with earlier evidence that
boys in general have more externalizing and DP symptoms
(Holtmann et al., 2008), suggest that clinicians should be aware
of possible poorer cognitive skills in boys as compared to girls with
the same level of psychopathology.

Findings that warranted further exploration were the associa-
tions between the vocabulary subtest and the CCS, and continuous
internalizing symptoms. For vocabulary and the CCS we only
observed significant associations in the second model, but not in
the first model, pointing toward negative confounding effects from
at least one of the covariates added in the second model (Porta,
2014). Exploration of these covariates revealed that for the verbal
domain, having a non-Western national origin or having a lower
SES were driving the worse performance. For the CCS, SES, and
ethnic background influenced cognitive performance. This is an
interesting starting point for future studies to assess why these
differences arise. Notably, we assessed these differences within
two Western populations. We can speculate that having a migra-
tion background can have impact on both cognitive development
and psychopathology. Regarding cognitive development, it might
be that those with non-native backgrounds use a different language
in their home environment, by which they spend less time practic-
ing the language from the country of residence, potentially leading
to worse test performance in the verbal domain. Further, parents
from non-native backgrounds could have more trouble with the
school system, simply because they are less familiar with it.
Lastly, it could be that parents with a lower SES have less time
and capacity to help their children with homework. Regarding
psychopathology, those that migrated themselves can have severe
traumas and higher rates of psychopathology depending on the
reason for immigration (Cénat et al., 2020). Further, for those with
a migration background, racial discrimination can impact mental
health outcomes (Chou et al., 2012) and some migrant groups have
more trouble accessing mental health care (Lindert et al., 2008). To
adequately help all children and adolescents, we need to acknowl-
edge that there are certain groups that are more vulnerable than
others, and study how psychopathology can be reduced and con-
currently cognitive development can be improved in these groups.

The current study has several clinical implications. First, both in
a continuous and a categorical approach we observed that cogni-
tive performance and psychopathology were closely related. These
findings suggest that not only those at the clinical end of the spec-
trum have lower cognitive performance, but that the relationship
exists along the spectrum of symptom severity. Thus, cognitive
training interventions that are effective for children with clinical
symptoms, may also be effective for those who have subclinical
symptoms, but who may not be help seeking. Second, lower cog-
nitive performance was observed spanning all cognitive domains,
as opposed to deficits in only specific neuropsychological domains,
in those with externalizing and DP symptoms. Thus, treatment
strategies should be directed at improving cognition across multi-
ple domains, rather than targeting a specific cognitive domain.
Third, those in the externalizing and DP subgroups showed worse
cognitive performance than those in the internalizing subgroup.
Although these differences were less pronounced in adolescence,
it is important to understand in clinical settings that children with
externalizing and DP symptoms will, on average, have poorer cog-
nitive performance. Thus, treatment may not only be directed
toward the clinical symptoms, but these children will likely also
need extra support in the classroom. This stresses the importance
of implementing recommendations made over a decade ago by the
American Academy of Child and Adolescent Psychiatry, stating
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that psychiatrists and teachers should work together to improve
the learning environment for individuals with psychopathology
symptoms (Walter & Berkovitz, 2005). Lastly, the interaction
and simple slopes analyses revealed that the relationship between
psychopathology and cognitive performance was stronger in boys
than in girls, implying that an extra focus on boys is warranted.

In addition to these clinical implications, our findings can also
be extended in several ways. Most importantly, longitudinal studies
will be important to identify the trajectories of behavior and cog-
nition over time, including their interplay. Further, this study has
shown that cognitive performance is related to psychopathology,
but an important extension would be to assess whether cognitive
performance can be improved with treatment for psychopathol-
ogy; and conversely, to what extent symptoms of psychopathology
can be reduced by implementing cognitive training. Given that
those with DP symptoms are most severely affected, this group
of children provides an interesting sample for pilot studies to
implement such cognitive training. Potentially fruitful future work
could also be focused on interventions in the classroom to promote
equal learning opportunities for all children, regardless of their
level of psychopathology symptoms. For example, by designing
courses directed at teachers that can better equip them to promote
a more inclusive learning environment. This is especially impor-
tant in countries, such as the Netherlands, in which “inclusive edu-
cation” has been implemented, but where currently 25% of the
teachers feel that they do not possess sufficient knowledge to
adequately teach those children with more psychopathology symp-
toms and approximately 50% of the teachers expressed a desire for
support in terms of knowledge and practical tips to improve the
learning experience for children with psychopathology (Smeets
et al., 2019). Lastly, for internalizing symptoms specifically, the
positive relationship observed with verbal performance requires
further exploration and confirmation. Given the mixed literature,
a promising future direction would be to dissect internalizing
symptoms into multiple subdomains along a continuum, to cap-
ture the complexity and dimensionality of these symptoms and
the relationship between each subdomain with dimensions of
cognition.

Strengths of this study include the large sample size involving
two separate studies on two different continents. The ABCD study
had nearly 10,000 children and Generation R had approximately
4,000 adolescents and both participated in extensive cognitive test-
ing. The two large studies offered the opportunity to demonstrate
replication of the findings. Second, the population-based charac-
teristics of both studies allowed for both a continuous and a cat-
egorical approach regarding psychopathology. Third, within our
categorical approach, we compared subgroups of psychopathology
not only to a group of typically developing children and adoles-
cents, but also directly compared mutually exclusive subgroups
of psychopathology. Despite these strengths, our results should
also be interpreted in the light of some limitations. First, a different
set of measures was used to assess cognitive performance in the two
samples, with the exception of fluid reasoning. However, the tests,
although different, did capture the same cognitive domains and the
results were very similar across both samples. The similarity in the
findings supports that the effects are not test-specific, but rather
truly related to the underlying cognitive construct. Second, in
the current study we used cross-sectional data, by which we cannot
draw conclusions about the directionality of the observed associ-
ations. Future studies should use longitudinal designs to assess
the temporal relationship between cognitive and behavioral
development.
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Taken together, our findings provide evidence for globally worse
cognitive performance in children and adolescents with externaliz-
ing and DP symptoms, with those in the DP subgroup being most
heavily affected. Internalizing problems are more subtly related to
cognitive performance, with worse performance on working
memory and processing speed, but higher performance in the verbal
domain. We did not identify specific patterns of impairments of cog-
nitive domains with distinct subtypes of psychopathology, with the
exception of the increased performance in the verbal domain for
those with internalizing symptoms. Rather, we provide evidence
for DP symptoms as a severe behavioral phenotype that is related
to impaired cognitive performance across childhood as compared
to both typically developing children and adolescents, and those
with other types of psychopathology.
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