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Abstract

Objective: Prior research on the latent structure of psychopathology has
indicated the presence of a multidimensional symptom organization and a
higher-order factor. This study aimed to evaluate the reliability and validity of a
developmentally informed model to disentangle unity and diversity.

Methods: We included 2512 children aged 6-14 years-old. Confirmatory factor
analysis examined the validity and reliability of a bifactor model with one
general dimension and ten dimensions of psychopathology: fear, somatic,
distressful thoughts, low mood, low motivation/energy, inattention-hyperactivity,
temper loss, aggression, noncompliance, and low concern for others, based on
questions from Child Behavioral Checklist and Strengths and Difficulties
Questionnaire. We analyzed the reliability of this model and competing models
using omega statistics. External validity was examined using sex, executive
functioning, and psychiatric diagnoses.

Results: The bifactor model demonstrated good overall fit. Reliability analyses
indicated that most reliable variance in total scores was attributable to the
general factor, whereas the reliability of specific dimensions was largely
contingent on this overarching factor. Specific factors exhibited differential
validity in terms of sex, executive function, and psychiatric diagnosis.
Conclusions: Reliability indices primarily supported unity, whereas external
validation favored diversity. These results encourage the extension of
developmentally based models to disentangle unity from diversity.

Keywords: developmental psychopathology; child and adolescent psychiatry;

dimensional models; multidimensionality; psychometrics
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Introduction

Across development, children and adolescents may exhibit a wide range of
emotional and behavioral symptoms considered deviant or abnormal, which
frequently co-occur and result in high rates of comorbidity. This pattern reflects
two complementary properties of psychopathology: diversity, referring to
multidimensional symptom profiles that form distinguishable syndromes, and
unity, referring to shared variance across symptom clusters resulting in a
common underlying structure.

Developmental psychopathology has provided substantial evidence supporting
the validity of diversity, defined here as the degree to which diagnostic
distinctions correlate with expected external validators.! For instance, within the
externalizing spectrum, dimensions of oppositional defiant disorder (ODD),
including irritable, headstrong, and hurtful, have been associated with distinct
genetic influences? and distinct developmental outcomes.®* Similarly, the
presence of callous unemotional traits in conduct disorder (CD) has been
associated with divergent neural processing mechanisms,?® distinct longitudinal
outcomes,® and different treatment response.® In contrast, distinctions among
inattention, hyperactivity, and impulsivity within attention deficit hyperactivity
disorder (ADHD) have shown limited predictive utility.’

There is also evidence for valid distinctions among internalizing disorders. Fear
and distress have distinct genetic influences,® temperamental origins,®
attentional biases,'® and contrasting neural activation patterns.'! Specificity also
exists in dimensions of depression such as low mood and low motivation/energy
as presented by anhedonia, including differences in treatment response’? and in
functional MRI features.'®* Additionally, somatic complaints may be best
conceptualized as a distinct cluster with unique clinical implications, including
medical help-seeking.

Despite strong evidence for the differential validity of psychopathology
dimensions, scores indexing these dimensions are typically highly
intercorrelated. This pervasive co-occurrence has motivated the proposal of a
general psychopathology factor capturing shared liability across psychiatric
syndromes.?® Derived from hierarchical factor analytic models, this factor

provides a framework for modeling common variance among symptoms.
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Nevertheless, although characterizing specific dimensions remains essential,
most prior studies, with few exceptions,'6-1° have not employed models capable
of disentangling the contribution of the general psychopathology factor from that
of specific dimensions. Moreover, to our knowledge, no study has tested the
general psychopathology factor within a developmentally informed framework
that incorporates empirically validated dimensions grounded in the
developmental psychopathology literature.?® Rather than being oppositional,
unity and diversity may be complementary, as accounting for the general factor
may clarify whether multidimensionality remains reliable and valid.

Following the work from Robins and Guze,?! we evaluated validity using three
classes of external validators. “Clinical description” was assessed through sex
differences, given the higher prevalence of externalizing dimensions among
boys and internalizing dimensions among girls.?2?®  “Laboratory studies”
focused on executive function deficits, due to their association with poor use of
adaptive emotion regulation strategies,?* and their hypothesized role as a
transdiagnostic intermediate phenotype underlying emotional and behavioral
disorder.?® Lastly, we rely on “delimitation from other disorders”, by using
differences on dimensional scores among clinical groups of non-comorbid
psychiatric disorders.

Using cross-sectional data from a large community sample of children aged 6—
14 years, %6 we applied a bifactor model to separate unity from diversity across
ten psychiatric dimensions and examined external correlates. Reliability was
evaluated using bifactor model-based psychometric indices.

Methods

Sample and study design

Participants were part of the ‘High Risk Cohort Study for Psychiatric Disorders?®
a large school based community study which includes a total of 57 state
maintained schools (22 in Porto Alegre and 35 in Sdo Paulo- Brazil). First, a
screening phase was performed with families at public schools located close to
research centers in Porto Alegre and Sao Paulo in the school registry day. After
the families’ screening phase (8012 families), we recruited two subgroups: one
randomly selected (n=958) and one constituting a high-risk sample (n=1554).

The total cross-sectional sample that was analyzed in this study is composed by
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a combination of children from those two subgroups (n=2512). The high-risk
sample selection involved a risk-prioritization procedure conducted targeting
identification of individuals with current symptoms and/or a family history of
specific disorders. Detailed information about the selection procedure can be

found in.26

Procedures

Assessments comprised: (a) a household interview with parents, conducted by
a lay interviewer with the primary caregiver, including standardized measures of
child psychopathology—the Child Behavior Checklist (CBCL), the Strengths and
Difficulties Questionnaire (SDQ), and the Development and Well-Being
Assessment (DAWBA);?" and (b) child neurocognitive testing conducted by
trained psychologists and speech therapists at school or at home, assessing
working memory, inhibitory control, and temporal processing, as detailed in the

following section.

Instruments

Children Behavior Checklist (CBCL) includes 112 parent-rated items assessing
emotional and behavioral problems in the past 6 months scored on a three-point
scale: 0 (not true), 1 (somewhat or sometimes true), and 2 (very true or often.).
Strength and Difficulties Questionnaire (SDQ)?® (parent and teacher versions)
includes 25 items evaluating emotional symptoms, conduct problems,
hyperactivity, and peer problems that are scored on a three point scale: 0 (not
true); 1 (somewhat true) and 2 (certainly true).

We developed a model focusing on dimensions of psychopathology with
established external and predictive validity. Ten dimensions were specified a
priori: fear, somatic complaints, distressful thoughts, low mood, low energy—
motivation, temper loss, inattention—hyperactivity, noncompliance, aggression,
and low concern for others. To ensure stable parameter estimation, dimensions
were equally distributed across internalizing and externalizing domains, with the
first five classified as internalizing and the remaining five as externalizing,
following prior recommendations.?® From an initial pool of 112 CBCL items and
25 SDQ items, items were selected to represent each theoretically defined

dimension. Bifactor confirmatory factor analyses were then iteratively conducted
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to retain items with higher loadings on both the general and specific factors.
Finally, each dimension was balanced to include four items, resulting in a
balanced (internalizing—externalizing) p-factor.'® The resulting model comprised
40 items (29 from CBCL and 11 from SDQ). See Table 1 and Supplementary
Figure 1.
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Table 1 Standardized factor loadings of the non-orthogonal bifactor model for ten dimensions of psychopathology

Factor Item description Factor loadings Factor Item description Factor loadings
G S G S
FEAR Clings to adults or too dependent 0.563 0.307 IN/HYP Inattentive or easily distracted 0.631 0.520
Fears certain animals, situations or places other than school 0.264 0.477 Can’t concentrate, can’t pay attention for long 0.601 0.629
Too shy or timid 0.340 0.363 Restless, cannot sit still for long 0.335 0.684
Many fears easily scared 0.283 0.677 Can’t sit still, restless or, hyperactive 0.476 0.721
SOMA Physical problems without known physical cause - Aches or pains 0.460 0.521 TEMP Temper tantrums or hot temper 0.651 0.496
Physical problems without known physical cause — nausea, feels sick 0.343 0.631 Sudden changes in mood or feelings 0.753 0.411
Often complains of headaches, stomach-aches or sickness 0.432 0.626 Sulks a lot 0.748 0.400
Feels dizzy or lightheaded 0.299 0.674 Often loses temper 0.311 0.852
DIST Worries 0.719 0.275 AGGR Physically attacks people 0.421 0.691
Many worries or often seems worried 0.358 0.272 Gets in many fights 0.481 0.723
Can’t get his/her mind from certain thoughts/obsessions 0.412 0.591 Threatens people 0.488 0.589
Fears he/she might think or do something bad 0.165 0.710 Often fights with other youth or bullies them 0.343 0.673
LMOO Unhappy, sad, or depressed 0.744 0.33 NONC Disobedient at home 0.591 0.637
Often unhappy, depressed or tearful 0.677 0.445 Disobedient at school 0.484 0.701
Feels worthless or inferior 0.491 0.578 Breaks rules at home, at school, or elsewhere 0.644 0.605
Feels or complains that nobody loves him/her 0.302 0.781 Generally well behaved, do what adults request* 0.315 0.560
LOWM There is very little he/she enjoys 0.690 0.369 LowcC Doesn’t seem to feel guilty after misbehaving 0.631 0.380
Underactive, slow moving or lacks energy 0.474 0.525 Often offers to help others (parents, teachers, children)* 0.118 0.489
Overtired without good reason 0.647 0.452 Considerate of other people’s feelings* 0.295 0.714
Would rather be alone, than with others 0.413 0.557 Helpful if someone is hurt, upset or feeling ill* 0.064 0.619

Legend: G= general; S= specific; SOMA= somatic complaints; DIST= distress; LMOO= low mood; LOWM= anhedonia/low energy; IN/HYP= Inattention/hyperactivity;
TEMP= temper loss; NONC= noncompliance; AGGR= aggression; LOWC= Low concern for others. * Reverse scored.
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Psychiatric diagnoses were established using DAWBA,3° a structured interview
based on DSM-IV criteria that assesses child mental health symptoms and
associated impairment. DAWBA interviews were administered to biological
parents and rated by a team of nine psychiatrists supervised by a senior child
psychiatrist.®® Based on DSM-IV diagnoses, we defined distinct non-
overlapping diagnostic groups to be used as external validators. To create
these groups, only participants meeting criteria for a single DSM-IV disorder
were included, and cases with comorbid diagnoses were excluded from the
diagnostic group comparisons. This approach was adopted to allow clearer
comparisons between clinical phenotypes when evaluating the external validity
of the dimensional scores of the following distinct groups: (1) Typical developing
controls (TDC, n=1911) - absence of any psychiatric disorder; (2) Phobic
disorders (n=112): separation anxiety (n=42), specific phobia (n=61), social
phobia (n=18), agoraphobia (=3); (3) Distress disorders (n=94): generalized
anxiety (n=30), depression (n=35), not-otherwise specified depression (n=5),
obsessive compulsive (n=5), or post-traumatic stress disorder (n=9); and (4)
ADHD (n=146) — combined (n=39), inattentive (n=61), hyperactive/impulsive
(n=25), not-otherwise specified (n=21); and (5) ODD/CD (n=60) — ODD (n=44),
CD (n=14) and not-otherwise specified (n=5).

Child Cognition

Child cognitive data was available for at least one measure for 2395 children.
Descriptive statistics for each of the measures can be found in Supplementary
Table 1).

Working memory

a) Digit span (sub-set of WISC-III):*! evaluates verbal working memory by
asking participants to repeat sequences of numbers to whom they were orally
presented for either as heard or in reverse order with increasing level of
difficulty. The dependent measure was the level at which the participant failed to
correctly repeat the numbers on two consecutive trials.

b) Corsi blocks task:®? evaluates the visuo-spatial working memory by asking
participants to observe the researcher as he/she taps a sequence of up to nine

identical spatially separated blocks and then mimic the pattern with increasing
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level of difficulty in sequential trials. The dependent measure was the level at
which the participant failed to correctly repeat the sequence of blocks on two

consecutive trials.

Inhibitory-control

c) Conflict control task:3® evaluates the executive component of inhibitory
control by initially asking participants to press the button indicating the direction
of the green arrow appearing in the computer screen (i.e., congruent trials) in a
total of 75 trials. The remaining 25 incongruent trials were presented with red
arrows in which participants had to respond in the opposite direction (i.e., a
conflict effect). Inter-trial interval was 1500 msec and the stimulus duration was
100 msec. Accuracy and speed was equally emphasized in task instructions.
The dependent measure was the percentage of correct responses in the
incongruent trials.

d) Go/No-Go:** evaluates the participants capacity to suppress a tendency to
press the button indicating the direction of the green arrows (Go stimuli, n=75)
when a double-headed green arrow (No-Go stimuli; n=25) appeared. The
stimulus duration was 100 msec and inter-trial interval was 1500 msec.
Accuracy and speed was equally emphasized in task instructions. The
dependent measure was the percentage of failed inhibitions in the no-go trials

(i.e., commission errors).

Time processing

e) Time Anticipation tasks (TA):* This game-like task examined the ability to
modulate the time of a motor response to coincide with the onset of a visual
stimulus. A brief narrative was created to help participants understand the task:
they were told they were space explorers that had to refurnish an allied
spaceship running out of oxygen in order to save the crew by anticipating when
the target would reappear. In each task, the spaceship was visible for the first
ten trials, and for the remaining 16 trials participants were asked to press a
button to anticipate when it would arrive, because an invisible shield was
activated. Participants had a 750 msec window of time to respond correctly and
received feedback after every trial. In task one, the anticipation interval was 400

msec and in task two it was 2000 msec. The dependent measure for both the
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400 msec and 2000 msec tasks was the mean percentage of total hits (i.e.,

button pressed in correct time).

Child Executive Function Model

We used a second-order model previously validated®¢ developed to summarize
child cognitive data that encompassed a higher-order executive function (EF)
factor and three lower-order factors: working memory (WM), inhibitory control
(IC), and temporal processing TP loading onto the superordinate EF factor. As
previously found,*® this model exhibited excellent fit (RMSEA=0.004, 90% CI
<0.001-0.027, CFI>0.999, TLI=0.999) and it lower-order factors exhibited high
loadings on the higher-order factor (A ranging from 0.4 to 0.8).

Data Analysis

First, we examined the structure of psychopathology testing six models: a) One
factor model; b) Correlated Model with internalizing and externalizing
dimensions; c) Correlated Model with ten specific dimensions; d) Non-
orthogonal Bifactor Model with one general factor and two dimensions; e)
Orthogonal Bifactor Model with one general factor and ten dimensions; f) Non-
orthogonal Bifactor Model with one general factor and ten factors allowed to
correlate between each other. Models were compared using Chi-square fit
statistics, comparative fit index (CFl), Tucker Lewis Index (TLI), and root mean
square error of approximation (RMSEA). CFl and TLI above 0.95 and RMSEA
below 0.06 indicate good model fit.

Second, we tested the reliability considering the following coefficients that may
vary between 0 and 1, where higher scores indicate greater reliability: (a)
Omega (w); and (b) Omega subscale (ws); both of them assess the systematic
variance affecting unit-weighted composite scores attributable to multiple
common factors; (c) Omega hierarchical (wH); assesses the degree to which
composite scores are interpretable as measure of a single common factor that
considers the error variance; (d) Omega hierarchical subscale (whs); measures
the reliability of subscale scores after removing effects of the general factor. (e)
Construct reliability (H); assesses how well the latent variable is being captured
by its indicator; how well it is replicable across studies; and how feasible it is to

specify a set of items as a measurement model in a SEM framework (standard
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criterion 20.70).3” To assess the dimensionality of the model with the best fit to
the data, we considered the following indices: (f) Expected common variance
(ECV); assesses the degree of unidimensionality of the data, by calculating the
general factor total contribution to the variance of the model, thus higher ECV
values indicate a strong general factor but this index is moderated by the (g)
Percent of uncontaminated correlations (PUC) which assesses the degree of
parameter bias for forcing a multidimensional data (i.e. bifactor model data) into
an unidimensional model. In addition, when PUC values are high, close to one,
it indicates the presence of a strong general factor even when one obtains a low
ECV value.

Lastly, we evaluated the validity of the dimensions by using executive function
measures and sex as external validators in structural equation models. In
addition, we performed a series of analyses of variance (ANOVA) using
symptoms dimensions scores as the dependent measures and clinical non-
overlapping groups as independent variables. Supplementary Figure 2 includes
Pearson correlations between factor scores from the proposed model and
executive function z-scores and SDQ scores rated by teachers. We also report
associations between factor scores and number of psychiatric comorbidities
(Supplementary Figure 3).

Analyses were performed in R software, version 3.2.3, with lavaan package;
Mplus software package, version 7.4, using weighted least squares means and

variance adjusted (WLSMV) estimation in both.

Results

Structure of psychopathology

The non-orthogonal bifactor model with a general psychopathology factor (g)
and ten specific factors: fear, somatic complaints, distressful thoughts, low
mood, low energy-motivation, temper loss, inattention-hyperactivity,
noncompliance, aggression and low concern for others exhibited the best fit to
the data when compared to other five models: CFI=0.992, TLI=0.990,
RMSEA=0.030, 90% confidence interval (Cl)= (0.028 - 0.031) (table 2). This
model allowed specific factors to correlate with each other. On Figure 1 the
latent correlations of the correlated 10-factor model (the models which did not

account for the general factor) are displayed by the side of the non-orthogonal
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bifactor model correlations (the model accounting for the general factor). In the
correlated model, latent correlations were all statistically significant with most
correlations showing moderate positive values ranging from 0.350 to 0.898. On
the other hand, the non-orthogonal bifactor model was able to elucidate which
correlations weren’t statistically significant after partitioning the variance
attributed to the general psychopathology factor; and also to show expected
negative correlations between dimensions (distressful thoughts and
noncompliance; distressful thoughts and low concern for others). Of note,
despite temper loss traditional classification as an externalizing dimension, this
factor showed moderate positive correlations with most dimensions considered

internalizing.
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1) Correlated 10 factor model latent correlations. I} Non-orthogonal Bifactor Model latent correlations

Fig. 2 Latent Correlations among psychopathology dimensions from two models

Legend: I} Comelated factor model; and 1I) Non-Orthogonal BFactor model. On Il it is shown the latent correlations among dimensions after parfitioning the contribution of the general psychopathology
facfor. On the top right. a legend displays the colors for each comelation level between dimensions. SOMA= somatic complaints: DIST= dismessful thoughts: LMOO= low mood: LOWM= low
motivation/energy; INHYP= Inattenton/hyperactivity. TEMP= temper loss; NONC= noncompliance: and LOWC= low concemn for others.

Fig. 1 Latent Correlations among psychopathology dimensions from two models

Legend: 1) Correlated factor model; and I1) Non-Orthogonal Bifactor model. On 11) it is shown the latent
correlations among dimensions after partitioning the contribution of the general psychopathology factor.
On the top right, a legend displays the colors for each correlation level between dimensions. SOMA=
somatic complaints; DIST= distressful thoughts; LMOO= low mood; LOWM= low motivation/energy;
IN/HYP=Inattention/hyperactivity; TEMP= temper loss; NONC= noncompliance; and LOWC= low

concern for others.

Braz J Psychiatry - Pre-Proof - http://doi.org/10.47626/1516-4446-2026-4818



Table 2 Model fit indices for the six tested models of psychopathology

Braz J Psychiatry - BJP Article Pre-Proof (as accepted)

Page 14 of 38

Orthogonal
. Non-Orthogonal Bifactor Bifactor Model* Non-Orthogonal Bifactor
ingilées One factor model C?;gf(l)?;e,c:n'\tﬂfiilt)(z Cozrle(;a:‘taegt;\'{lsc))del Model (1 general factor and (1 general factor Model (1 general factor
’ 2 specific factors; int x ext) and 10 specific and 10 specific factors)
factors)
2 170810.972 (df 170810.972 (df =780; 170810.972 170810.972 170810.792
x =780; p<0.001) p<0.001) (df =780; p<0.001) (df =780; p<0.001) (df =780; p<0.001)
CFI 0.943 0.962 0.983 0.981 0.992
TLI 0.940 0.960 0.981 0.979 0.990
* Matrix psi non
RMSEA 0.072 0.059 0.041 0.043 R gperinite. 0.030
90% Cl 0.071-0.073 0.058 - 0.060 0.040-0.042 0.042 - 0.044 0.028-0.031
RMSEA ' ' ' ' ' ' ' ' ' '
WRMR 3.475 2.889 2.050 2.147 1.562

Legend: Int=internalizing; Ext= externalizing; x 2 = Chi Square and; df= degrees of freedom; CFI= Comparative Fit Index; TLI= Tucker-
Lewis Index; RMSEA= Root-Mean-Square Error of Approximation; Cl= Confidence Interval; and WRMSR= Weighted Root Mean Square

Residual.

Reliability

As shown in table 3, the omega for the general factor was high (©=0.94) as was
the omega subscale values (o s=0.94) indicating a highly reliable
multidimensional composite. The hierarchical omega for the general factor was
0.82, meaning that 82% of the variance of unit-weighted total scores can be
attributed to the individual differences on the general factor. When comparing
the on (0.82) with © (0.94), one finds that most of the reliable variance in total
scores 87% (0.82/0.94=0.87) are due to individual differences in the general
factor; that only 12% (0.94-0.82=0.12) of the reliable variance of the total scores
can be attributed to the multidimensionality caused by the group factors and
that 6% (1-0.94) of the variance is due to random error. In addition, with the
small values of w s, it is evidenced that after partitioning the reliable variance
attributed to the general factor, ©s=0.94 withers drastically (cns ranging from
0.01 to 0.02) suggesting that the suppositious reliability of ©s was due to
individual differences on the general factor. Despite the ECV low value 0.43, the
moderation exerted by the PUC and its high value 0.92 indicates the presence
of a strong general factor. In general, factors presented an adequate construct

replicability with most H values being higher than 0.7. As expected, the general
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factor displayed the higher value (H=0.94) suggesting that this particular set of

items better define the general factor in expenses of the specific ones.

Table 3 Reliability indices from the non-orthogonal bifactor model of psychopathology with ten
dimensions

Reliability indices
Dimensions Omega (c2) Higrg:i%?cal S(agli%?e Or:jg;g:gﬁf:si)cal Construct (ﬁ‘;P“Cﬁbi"ty
(coH) (c9)
General Psychopathology 0.94 0.82 - - 0.94
Fear - - 0.94 0.01 0.58
Somatic Complaints - - 0.94 0.02 0.72
Distressful thoughts - - 0.94 0.01 0.63
Low Mood - - 0.94 0.01 0.71
Low motivation/energy - - 0.94 0.01 0.56
Inattention/hyperactivity - - 0.94 0.02 0.75
Temper Loss - - 0.94 0.01 0.77
Aggression - - 0.94 0.02 0.77
Noncompliance - - 0.94 0.02 0.73
Low Concern for others - - 0.94 0.01 0.68
Dimensionality indices
Explained Common Variance (ECV) Percentage of Uncontaminated Correlations (PUC)
0.43 0.92

External correlates

Clinical description: sex differences

We found a significant sex effect (Supplementary Figure 4) after separating
general psychopathology from specific dimensions: boys presented higher
scores on externalizing dimensions (inattention-hyperactivity, noncompliance
and aggression); whereas girls presented higher scores on most internalizing
dimensions (fear, somatic complaints, distressful thoughts and low mood). The
general psychopathology factor, low motivation/energy, temper loss and low

concern for others were not associated with sex.

Laboratory tests: executive function dimensions and psychopathology

Regressions of child psychopathology dimensions on executive function

dimensions (Supplementary Figure 5) revealed negative associations between
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global executive function and general psychopathology (8=-0.105, p=0.003);
and between EF and inattention- hyperactivity (8=-0.222, p<0.001); aggression
(8=-0.166, p<0.001), noncompliance (B=-0.101, p=0.011) and fear (8=-0.148,
p<0.001). On the other hand, better general executive function predicted more
somatic complaints (8=0.090, p=0.025) and distressful thoughts (8=0.744,
p=0.001). Post-hoc univariate regressions revealed most of the findings in the
EF domain were related to working memory and inhibitory control domains
(Supplementary Table 3). Regression of dimensions from the 10-factor
correlated model on global executive function was also performed

(Supplementary Table 4).

Delimitation from clinical disorders: clinical associations

ANOVAs demonstrated an effect of group (Supplementary Figure 6) on all
psychiatric symptoms’ dimensions. As depicted in Supplementary Figure 6;
TDC group presented the lowest standardized scores on psychiatric symptoms
dimensions. The phobias group tended to show significantly less
noncompliance and low concern for others than the TDC group. Phobias group
also presented significantly lower scores on general psychopathology
dimension when compared to distress group and to ODD/CD. Phobias and
distress groups presented similar levels of fear, somatic complaints and
distressful thoughts scores, however, the distress group had higher scores on
low motivation/energy and low mood, and also displayed significantly higher
scores on dimensions considered externalizing (temper loss, aggression, low
concern for others) than the phobias group. As expected, ADHD group
presented significantly less general psychopathology, temper loss, aggression
and low concern for others than the ODD/CD group. When compared to the
other groups, ODD/CD group showed significantly lower scores on distressful

thoughts and fear dimensions.

Discussion

Our study examined the reliability and validity of a developmentally informed
dimensional model designed to assess ten empirically derived symptom
dimensions (diversity) while accounting for a general psychopathology (unity)

factor using a bifactor framework. Overall, the model showed good fit, and the
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bifactor structure allowed a more informative examination of latent associations
among psychopathology dimensions than a correlated factors model. Reliability
analyses indicated that most reliable variance in total scores was attributable to
the general factor, whereas the reliability of specific dimensions largely
depended on this overarching factor. Despite this, specific dimensions
demonstrated differential validity beyond the general factor through distinct
associations with sex, executive functioning, and clinical indicators.

These findings are consistent with prior evidence supporting a general
psychopathology factor in both adult'®” and youth samples.'®1® Our earlier
work using the same cohort,'® based on diagnostic rather than symptom-level
data, similarly highlighted the prominence of a general factor of
psychopathology. The present study extends this literature by applying a
developmentally based dimensional model that offers a useful framework for
examining relations among latent dimensions of psychopathology. Within this
framework, several theoretically meaningful associations emerged. Comorbidity
between anxiety and psychopathy in children has been previously
documented,3 which parallels the positive correlation observed here between
distressful thoughts and low concern for others. However, when accounting for
the bifactor structure, a negative association between these dimensions
emerged, supporting prior findings of inverse relations between trait anxiety and
callous-unemotional traits. This suggests that previously reported positive
associations may primarily reflect the influence of general psychopathology.
The negative association is also theoretically coherent, given that low concern
for others, paralleling the concept of CU traits,®> has been linked to insensitivity
to punishment,®> whereas distressful thoughts are associated with heightened
sensitivity to future punishment or omission of reward.3® A second negative
latent association emerged between distressful thoughts and noncompliance,
mirroring prior evidence of coherence between conduct, understood as rule
compliance, and normative moral emotions such as distress following
transgressions.*® Together, these findings reinforce the notion that
understanding psychiatric comorbidity requires examining relations among
specific dimensions while accounting for the contribution of the general
psychopathology factor.*®> Notably, the temper loss dimension showed moderate

associations with externalizing dimensions and significant correlations with
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internalizing dimensions, particularly low mood, low motivation/energy, and fear.
This pattern is consistent with previous evidence of heterotypic comorbidity of
irritability and its heterotypic continuity predicting internalizing disorders later in
life.4t

Regarding reliability, the present study extends prior work by applying recently
proposed model-based psychometric indices.*? Consistent with our previous
findings using the same sample,'® the general factor showed high omega
values, indicating that the total score represents a highly reliable composite
dominated by general psychopathology. Subscale scores also showed
acceptable omega values. However, on and ons indicated that the reliability of
specific factors was largely dependent on the general factor. ECV and PUC
values further supported the general factor as the dominant source of
systematic variance. The H-index was also higher for the general factor,
suggesting that it may be more clearly defined and delimited across studies
than specific dimensions. If the p-factor is conceptualized as a liability for
deviation from normative development toward psychopathology, this liability
appears to be the most reliable construct, whereas the phenomenological
expression of this liability through specific dimensions may represent more
elusive constructs.

Despite their lower reliability, specific dimensions showed meaningful
associations with external validators, supporting their differential validity. In
terms of sex differences, boys were more likely to exhibit inattention-
hyperactivity, aggression, and noncompliance, whereas girls were more likely to
present fear, somatic complaints, distressful thoughts, and low mood. This
pattern of female liability toward internalizing dimensions and male liability
toward externalizing dimensions is consistent with findings in both adult® and
youth'® samples and suggests that sex may influence how the general
psychopathology factor manifests phenomenologically, with a tendency toward
internalizing presentations in girls and externalizing presentations in boys*
Temper loss did not show sex differences, consistent with its strong
associations across both spectra. No sex effect was observed for the general
factor, replicating previous findings.161° Despite these results, we did not
formally test measurement invariance across age, sex, site, or sampling

subgroups. Although the primary aim of this study was to evaluate the reliability
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and external validity of a developmentally informed dimensional structure in the
overall sample, the absence of formal invariance testing limits conclusions
regarding the equivalence of factor loadings and latent scores across
subgroups.

In line with prior evidence, worse working memory predicted higher inattention-
hyperactivity scores in univariate analyses.** However, in multivariable models,
only inhibitory control and global executive function remained statistically
significant, indicating that the effect of working memory impairment was largely
explained by broader executive dysfunction. The association with inhibitory
control aligns with previous findings.** Additionally, negative associations
between executive function and both noncompliance and aggression suggest
that executive dysfunction is not specific to ADHD.*> Low concern for others
was not associated with executive function deficits, in line with studies reporting
no association between executive functioning and callous-unemotional traits.*6
Consistent with the reliability analyses, our findings highlight the dominant
contribution of the general psychopathology factor in explaining shared variance
across symptom domains. Although the model allowed the identification of
specific dimensions with differential external associations, the reliability of these
dimensions was substantially lower than that of the general factor. Thus, future
research should examine whether alternative dimensional structures with fewer
specific factors, such as internalizing—externalizing frameworks or intermediate-
spectrum models, may provide a more parsimonious representation of
psychopathology and contribute to the development of a more usable diversity
construct.

The model also demonstrated good concurrent clinical validity, as general and
specific dimension z-scores differentiated non-overlapping clinical groups. The
distress group showed higher levels of low mood than the phobias group,
paralleling findings of homotypic comorbidity between anxiety and depression*’
and evidence that continuity from childhood anxiety to adult depression is
largely driven by generalized anxiety disorder.*® Specific dimensions further
distinguished ADHD from ODD or CD, with higher low mood observed in the
latter group, consistent with evidence that ODD mediates the association
between ADHD and depression.#? To facilitate construct validation through

clinical delimitation, diagnostic groups were defined as non-overlapping
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categories based on DAWBA assessments. Even though this approach allowed
clearer differentiation between clinical phenotypes, this may result in the
analysis of groups that are less severe or less representative of typical clinical
populations, where comorbidity is common.

Some limitations should be acknowledged. The proposed model was not
composed of all items from the CBCL or SDQ); instead, it was constructed by
selecting items from established instruments to represent theoretically defined
dimensions. These dimensions were theorized to parallel prior work on fear,
somatic complaints, distressful thoughts, low mood, low motivation/energy, and
inattention-hyperactivity!> as well as developmental models of
psychopathology.*® Although item selection was guided by developmental
theory and prior empirical literature, the absence of cross-validation in an
independent sample raises the possibility of sample-specific parameter
estimates. Replication in independent cohorts and convergent validation using
other consolidated measures of psychopathology, as well as the development
of instruments specifically designed to disentangle general and specific
psychopathology dimensions, will be important to further establish the
robustness and generalizability of the proposed model. Nevertheless, both
general and specific factors showed acceptable reliability, and the model
enabled the evaluation of dimensions across opposing spectra, which has not
been feasible in previous studies that relied exclusively on validated
instruments.  Additionally, psychopathology dimensions and diagnostic
validators were primarily derived from parent reports, which may introduce
shared method variance and potentially inflate associations among symptom
indicators and the general psychopathology factor. Furthermore, the sample
included both a randomly selected subsample and a high-risk oversampled
group, which may limit generalizability to the general school population.
However, this sampling strategy increased variability in psychopathology, which
is advantageous for examining latent dimensional structure. Finally, executive
function was assessed using a limited set of neurocognitive tasks, which
capture only selected aspects of executive functioning and may contribute to
the modest magnitude of associations.

Notwithstanding, this study has notable strengths. It draws on a large

community-based sample and adopts a dimensional approach grounded in a
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developmental framework, modelling ten specific factors alongside a general
factor. In addition, the reliability of symptom dimensions was examined using
bifactor psychometric indices, and dimension-specific neuropsychological
deficits were investigated after accounting for variance attributable to general
psychopathology.

The present findings should be interpreted within the context of a cross-
sectional design. Although developmental psychopathology frameworks
emphasize that the expression of mental disorders evolves over time, the
present study was not designed to examine developmental trajectories. Rather,
our analyses focused on the static latent dimensional structure of
psychopathology within a heterogeneous developmental sample. Longitudinal
data would be necessary to directly examine how the balance between general
and specific psychopathology dimensions changes across development.

This study underscores the importance of multidimensional approaches in
developmental psychopathology and provides a theoretical framework for
testing differential validators of specific dimensions over and above the
contribution of the general psychopathology factor. Future research should
evaluate whether the p-factor reflects a liability driving transitions from
normative development toward mental illness and should test, using mixture
models, whether this liability underlies the transition from normative misbehavior

to clinically significant psychopathology.
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Supplementary Figure 1- Schematic Structure of the non
model with one general factor and 10 specific factors
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Legend: SOMA= somatic complaints; DIST= distressful thoughts; LMOO= low mood; LOWM= low

motivation/energy; IN/HYP= Inattention/hyperactivity; TEMP= temper loss; NONC= noncompliance; and

LOWC= low concern for others.
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Supplementary Table 1. Descriptive statistics on executive function tasks

(crude scores)

Mean SD p25 p75 Minimum | Maximum | Valid N
Digit span (backward) 3.54 157 | 3.00 | 4.00 0 12.00 2243
Corsi block (backward) 4.80 2.10 | 3.00 | 6.00 0 14.00 2213
CCT % Correct Inhibitions
(ino) .59 .22 42 .76 0 1 2166
Go/No-Go: Comission .25 22 0.08 .38 0 1 2158
Time Anticipation (0.4s): hits .66 .22 .50 .86 0 1 2185
Time Anticipation (2s): hits .33 .25 .143 | .500 0 1 2180

Abbreviations: SD = standard deviations; p25 = percentile 25; p75 = percentile 75.
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Supplementary Figure 2: Pearson’s correlation between z scores of executive function tasks and psychiatric
symptoms dimensions for A) the correlated 10-factor model; and B) the non-orthogonal bifactor model

Observed Z scores on executive function tasks Observed Z scores on executive function tasks
TA2s | TAO4s | Corsi Digit . . Digit Corsi | TAO4s | TA2s
GNG | CCT | hits) | (hits) | Blocks | Span |P'™eM1ONS| goan | Blocks | (hits) | (i) | CC7 | GCC
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p=0,17 p=0,25 | p=0,012 | p=0,32 WP p= 0,040 p=0,27 p=0,6 p=0,5 p=0,8 p=0,5 p=0,5
-,101 -,123 -,084 -,125 -,122 IN HYP -,121 -,123 -,099 -,122 -,125
p<0.01  p<0.01  p<0.01  p<0.01  p<0.01 - p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
-0,06 -,071 -0,04 -,085 -,080 TEMP -,066 -,073 -0,03 -,045 -,076 -,043
p= 0,005 p<0.01 p=10,08 p<0.01 p<0.01 p=0,002 p<0.001 p=0,15 p=0,035 [S0R00)H

-,081
p<0.01

-,076
p<0.01

p=0,016

-,091
p<0.01

-,085
p<0.01

-,067
p<0.01

-,063

p= 0,003

-,054
p=0,01

-0,04
p= 0,05

-,092
p<0.01

-,100
p<0.01

-,075
p<0.01

-,103
p<0.01

-,105
p<0.01

-,067
p<0.01

NONC

AGGR

-,099
p<0.001

-,081
p<0.001

-,069
p=0,001

-,078
p=0,001

-,092
p<0.001

-,101 -,087 -,058 -,070 -,090

p<0.001 p<0.001 p=0,007 p=0,001 p<0.001
0,04 0,04 002 | 0,026 ,
-,063 -,068 -0,03 -,066 -0,03 -0,04
PN =017 =M p=0,17 | p=0,05

A) Correlated 10 factor model

B) Non orthogonal bifactor model

Abbreviations: GNG= Go/ No Go (comission errors); CCT= Conflict Control (inhibitions); TA 2s = Time Anticipation 2s (hits); TA 0,4s= Time Anticipation 0,4s (hits); Corsi Blocks= corsi
blocks backwards; Digit Span= Digit Span Backwards; SOMA= somatic complaints; DIST= distressful thoughts; LMOO= low mood; LOWM= low motivation/energy; IN/HYP=
Inattention/hyperactivity; TEMP= temper loss; NONC= noncompliance; and LOWC= low concern for others.
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Supplementary Figure 3: Association between number of psychiatric disorders (Comorbidity) and z score
of the general psychopathology factor and specific factors
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Abbreviations: SOMA= somatic complaints; DIST= distressful thoughts; LMOO= low mood; LOWM= low motivation/energy; IN/HYP= Inattention/hyperactivity; TEMP=
temper loss; NONC= noncompliance; and LOWC= low concern for others; TDC, Typically Developing Children; ADHD, Attention Deficit/Hyperactivity Disorder; ODD/CD,
Oppositional Defiant Disorder/Conduct Disorder.
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Supplementary Figure 4: Sex differences on psychiatric symptoms dimensions
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Legend: SOMA= somatic complaints; DIST= distressful thoughts; LMOO= low mood; LOWM= low motivation/energy; IN/HYP=
Inattention/hyperactivity; TEMP= temper loss; NONC= noncompliance; and LOWC= low concern for others.
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Supplementary Figure 5: Regression Coefficients (B) of psychopathological dimensions on global
executive function
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Legend: SOMA= somatic complaints; DIST= distressful thoughts; LMOO= low mood; LOWM= low motivation/energy; IN/HYP=

Inattention/hyperactivity; TEMP= temper loss; NONC= noncompliance; LOWC= low concern for others. Note: (*) represents 0.05 level of significance
and (**) represents 0.01 level of significance.
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Supplementary Table 2: Pearson’s correlation matrix between
developmental psychopathology dimensions and raw scores of the SDQ
rated by the teacher (n=1189)

SDQ raw scores

Model Emotional Conduct Hyperactivity Peer Prosocial Impact
. . Problems Problems Inattention problems behavior rp
Dimensions . . . ] }
r; p value r; p value r; p value r; p value r; p value value
Sf”cehrg_' 0.174; 0.176; 0.183; 0.142; -0.114; | 0.229;
Y <.001 <.001 <.001 <.001 <.001 <.001
pathology
Fear 0.137; -0.003; -0.008; 0.031; 0.037; 0.035;
<.001 0.930 0.791 0.288 0.198 0.224
Somatic 0.123; -0.010; -0.027; 0.031; 0.002; 0.011;
Complaints <.001 0.738 0.345 0.290 0.951 0.716
Distressful 0.100; -0.028; -0.057,; 0.003; 0.064; -0.007;
thoughts <.001 0.341 0.048 0.909 0.027 0.819
Low Mood 0.140; 0.106; 0.071; 0.103; -0.067; 0.103;
<.001 <.001 0.014 <.001 0.022 <.001
Low . . . . \ .
motivation/ 0.152; 0.015; -0.008; 0.087; -0.029; 0.070;
<.001 0.597 0.796 0.003 0.322 0.015
Energy
Inattention- 0.123; 0.287; 0.331; 0.175; -0.169; 0.234;
Hyperactivity <.001 <.001 <.001 <.001 <.001 <.001
Temper Loss 0.115; 0.192; 0.162; 0.116; -0.092; 0.132;
P <.001 <.001 <.001 <.001 0.001 <.001
Agaression 0.078; 0.334; 0.281; 0.185; -0.216; 0.214;
99 0.007 <.001 <.001 <.001 <.001 | <.001
Non- 0.051; 0.322; 0.323; 0.163; -0.213; 0.205;
compliance 0.081 <.001 <.001 <.001 <.001 <.001
Low concern 0.074; 0.209; 0.185; 0.144; -0.157; 0.144;
for others 0.011 <.001 <.001 <.001 <.001 <.001
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Supplementary Table 3: Univariate Regression Coefficients () of
psychopathological dimensions from the non- orthogonal bifactor
model on executive function dimensions

Dimensions Univariate regression
Working T|me. Inhibitory Control
Memory Processing
General Psychopathology (p-fdo()s()l?) (p-36071256) -0.065 (p=0.010)
-0.071 -0.021 _
Fear (p=0.003) (p=0.727) -0.087 (p=0.005)
Somatic Complaints (p(:)boggg) (pgbo%S) 0.054 (p=0.053)
Distressful thoughts (pgbogg& (pgbo%‘s) 0.091 (p=0.006)
0.023 0.006 _
Low Mood (p=0.245) (p=0.737) 0.027 (p=0.304)
Low motivation/energy (p(:)bogz'.S) (pg.OO%?) 0.082 (p=0.031)
Inattention/hyperactivity (p_gdlggl) (p-:()60$215) -0.148 (p<0.001)
-0.033 -0.009 _
Temper Loss (p=0.083) (p=0.729) -0.048 (p=0.064)
: -0.078 -0.023 _
Aggression (p=0.002) (p=0.726) -0.107 (p=0.002)
. -0.049 -0.014 )
Noncompliance (p=0.019) (p=0.727) -0.070 (p=0.013)
Low Concern for others (pgboiéS) (pgboggl) 0.039 (p=0.197)
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Supplementary Table 4: Regression Coefficients (B) of
psychopathological dimensions on global executive function for the

correlated 10 factor model

Dimensions General Executive Function
Fear -0.222 (p< 0.001)
Somatic Complaints 0.024 (p=0.529)
Distressful thoughts 0.035 (p=0.368)
Low Mood -0.033 (p=0.335)
Low motivation/energy -0.012 (p=0.756)
Inattention/hyperactivity -0.120 (p< 0.001)
Temper Loss -0.241 (p< 0.001)
Aggression -0.143 (p< 0.001)
Noncompliance -0.191 (p< 0.001)
Low concern for others -0.034 (p=0.405)
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Supplementary Figure 6: Comparison of between group differences on the standardized scores of psychopathological
dimensions
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Legend: A) Comparison between dimensions. B) Comparison between clinical groups. Abbreviations: SOMA= somatic complaints; DIST= distressful thoughts; LMOO= low
mood; LOWM= low motivation/energy; IN/HYP= Inattention/hyperactivity; TEMP= temper loss; NONC= noncompliance; and LOWC= low concern for others; TDC,
Typically Developing Children; ADHD, Attention Deficit/Hyperactivity Disorder; ODD/CD, Oppositional Defiant Disorder/Conduct Disorder.
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