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ABSTRACT

Background

Internalising and externalising problems commonly co-occur in childhood. Yet, few
developmental models of psychopathology appropriately account for this. We develop
a model of childhood psychopathology that separates the unique and shared contri-
bution of individual psychological symptoms into specific internalising, externalising
and general psychopathology factors and assess how these general and specific factors
predict long-term outcomes concerning criminal behaviour, academic achievement and
affective symptoms.

Methods

Data were drawn from independent birth cohorts (ALSPAC, N=11,612; Generation
R, N=7,946; MAVAN, N=408). Child psychopathology was assessed repeatedly using a
range of diagnostic and questionnaire-based measures, and multiple informants. First,
structural equation models were used to assess the fit of hypothesised models of shared
and unique components of psychopathology in all cohorts. Once the model was chosen,
linear/logistic regressions were used to investigate whether these factors were associ-
ated with important outcomes such as criminal behaviour, academic achievement and
wellbeing from late adolescence/early adulthood.

Results

The model that included specific factors for internalising/externalising and a gen-
eral psychopathology factor capturing variance shared between symptoms regardless
of their classification fitted well for all of the cohorts. As hypothesised, general psy-
chopathology factor scores were predictive of all outcomes of later functioning, while
internalising factor scores specifically predicted later internalising outcomes. External-
ising factor scores, capturing variance not shared by any other psychological symptoms,
were not predictive of later outcomes.

Conclusions

Early symptoms of psychopathology carry information that is syndrome-specific as
well as indicative of general vulnerability and the informant reporting on the child. The
“general psychopathology factor” might be more relevant for long-term outcomes than
specific symptoms. These findings emphasize the importance of considering the co-oc-
currence of childhood psychological symptoms when considering long-term impact.
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INTRODUCTION

Psychiatric diagnostic nosology reflects efforts to delineate specific criteria for di-
agnosing distinct mental disorders across the lifespan. With each revised edition of the
diagnostic criteria,>? the total number of disorders as well as the number of diagnoses
received by each individual is rising, both for children and adults.® Almost half of indi-
viduals who meet diagnostic criteria for one disorder also meet diagnostic criteria for
another.* A similar story is seen within self and parent reported questionnaires for emo-
tional and behavioural problems, where scales are strongly correlated. Therefore, it is
important to understand what this comorbidity and common variance represents and
its relevance for future important outcomes. Our current research question is whether
there is a general factor of child psychopathology and does this predict important out-
comes?

While childhood psychopathology is traditionally grouped into internalising and ex-
ternalising disorders there remains considerable comorbidity between these two cat-
egories.’ In addition, the stability of these categories over time is unclear.52 It is com-
mon for underlying internalising disorders to manifest as behavioural problems usually
attributed to externalising disorders and vice versa, for example, a child could exhibit
features of conduct disorder which result from being anxious. This complexity of the
relationship between internalising and externalising symptoms can make it difficult to
categorise childhood psychopathology, determine aetiology, investigate outcomes and
plan interventions.

Understanding the overlap between internalising and externalising symptoms as
well the contribution of multiple informants may improve the characterisation and pre-
dictive models of childhood psychopathology. This objective is important for improv-
ing childhood problems and preventing later adverse outcomes.® Early identification of
those at risk is essential for prevention strategies.

Structural equation models (SEM) enable us to consider both general psychopathol-
ogy and more specific dimensions within the same model.’**? In this framework, each
symptom can both contribute variance that is shared with other symptoms and which
is unique to that symptom. The underlying assumption of bifactor SEM models is that
the shared variance amongst items represents a common construct (in our case gen-
eral psychopathology) , as well as unique variance to a smaller cluster of items which
represents more specific constructs (for example externalising and internalising). These
specific constructs represent the unique variance in these items not accounted for by
the overall factor. This approach differs from other techniques such as network analysis,
which conceptualise psychopathology as a group of interlinked symptoms without any
underlying construct. We test a bifactor model of child psychopathology using data
from three independent birth cohorts. Having developed the model, we then test the
association between childhood psychopathology and later behavioural, educational
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and psychological outcomes in adolescence and early adulthood. Given the comorbidi-
ty between internalising and externalising problems and limited evidence of stability of
these categories overtime, we hypothesise that the general psychopathology factor will
be associated with a range of outcomes. However, internalising symptoms will be asso-
ciated only with psychological symptoms and externalising with behavioural outcomes.

METHODS

Studies and Measures

Data used for these analyses were drawn from the Developmental Research of the
Environment, Adversity, Mental health, Blological susceptibility and Gender (DREAM
BIG) consortium formed in 2016 to investigate the association between prenatal adver-
sity and later childhood mental health outcomes. DREAM BIG consists of 4 longitudinal
population cohorts: the Avon Longitudinal Study of Parents and Children (ALSPAC) ,*4*>
the Generation Rotterdam (Generation R) Study,'®*'” the Maternal Adversity, Vulner-
ability and Neurodevelopment (MAVAN) project,’® and the Growing Up in Singapore
Towards healthy Outcomes (GUSTO) study®. A full description of each cohort can be
found in the relevant cohort profiles and in the supplementary materials. Given that
in GUSTO collection of data relevant to the present analysis is still ongoing due to the
young age of participants, it was not included in the present study.

Each cohort has collected several measures capturing mental health during early
childhood. In the development of a GPF, we focused on those symptoms that quantify
common emotional and behavioural problems. Measures included the Development
and Wellbeing Assessment, Strengths and Difficulties Questionnaire and the Child Be-
haviour Checklist. A complete list of measures and full details of each are provided in
the supplementary materials.

To maximise the number of participants included in the models and prevent sam-
pling bias, missing information was imputed for participants with available data on at
least one psychopathology subscale. Further details on imputation strategies are out-
lined in the supplementary material. Within ALSPAC, sensitivity analyses were also per-
formed on the subset of participants with complete data on all subscales.

Modelling psychopathology in childhood

Measures relating to psychopathology from 4 to 8 years of age were collated al-
though each subscale was taken from a single time point within each study. These in-
cluded self-, parental-, teacher-, and observer-rated measures (Table S1).

Confirmatory factor analysis, a subset of SEM, was used to estimate the general
structure of psychopathology, based on previous studies, including one report also
based on a subset of data from the Generation R cohort.’** We used a stepwise ap-
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proach to construct a model of childhood psychopathology, beginning with a simple
unifactor model and building up to a more complex bifactor structure (see Tables 1 and
S5 for a complete overview). Model fit was evaluated in each cohort using several mod-
el fit indices: root mean square error of approximation (RMSEA), comparative fit index
(CF1) and Tucker-Lewis index (TLI). When investigating model fit, RMSEA values of <0.05
and CFI/TLI values of >0.9 are generally used to indicate good fit.

Individual items were first loaded onto a single factor to investigate whether items
appeared to be measuring a single construct (unifactor structure). Subsequent models
separated the items into specific internalising/externalising factors, defined a priori, to
explore whether the items were capturing these two distinct constructs. Most item-
scale allocations were known; the few items that did not have a pre-existing allocation,
(e.g., the field worker-rated behaviour items in ALSPAC), two researchers independently
assigned them based on a priori knowledge (to either the internalising or externalising
factor). Although most items loaded strongly onto the factors to which they were ini-
tially assigned, some items were moved if modification indices from the initial model
indicated that items would be a better fit on the alternative factor (a list of these modi-
fications can be found in the footnote to Table S2).

We also investigated whether additionally accounting for variance common to a
specific informant by adding so-called ‘reporter’ factors (i.e., mother, father, teacher,
child or field-worker) would further improve model fit (Table 1).

In the final bifactor model, each item loaded onto the GPF, a reporter factor, and
its corresponding specific factor (i.e., internalising/externalising) with a few exceptions
(with the exception of the SDQ prosocial score, the Social and Communication Disorders
Checklist (SCDC), the sleep and ‘other’ sum scores of the Childhood Behaviour Checklist
(CBCL), the thought and social problems subscales of the Teacher Report Form (TRF) and
the Social Responsiveness Scale (SRS)). The final model solution is displayed in Tables
S$2-S4. Factors in the final model were defined to be orthogonal.

Analyses were performed using MPlus v.7 in ALSPAC and the lavaan R package in
MAVAN and Generation R. Robust maximum likelihood (MLR) estimators were used in
the MAVAN and Generation R cohorts, while weighted least square means and varianc-
es (WLSMV) were used in ALSPAC. Latent variables were standardized in each of the
cohorts.

Testing the associations between general and specific factors in the bifactor
model and long-term outcomes

We tested the bifactor model by examining the associations between the general
psychopathology, internalising and externalising factors with later outcomes measured
in ALSPAC in early adulthood. We compared these to associations with internalising and
externalising symptoms in a model without general psychopathology.

Outcomes included: (i) diagnoses of depression and anxiety at 18 years assessed us-
ing the Revised Clinical Interview Schedule (CIS-R), (ii) psychological wellbeing assessed
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at age 21 using the Warwick-Edinburgh Mental Wellbeing Scale (WEMWABS), (iii) criminal
activity (defined as any self-reported involvement with the police) at age 21; (iv) alcohol
use (defined as any problem drinking) assessed by the Alcohol Use Disorders Identifi-
cation Test (AUDIT) at age 21, (v) and educational attainment as indicated by receiving
a pass grade (C or above) at English or mathematics at GCSE (public exams taken at age
16 in the UK).

Analyses were run using an unadjusted model in addition to a model adjusting for
child gender, maternal age at delivery, maternal education and income. These were
chosen a priori as measures of adversity that could act as confounders. These were
variables that are associated with child emotional/behavioural problems and the later
outcomes but not part of the causal pathway.

RESULTS

A full description of each of the cohorts can be found in the cohort profiles.4-16:1819
The final sample size for analysis was 408 in MAVAN, 7,946 in Generation R, and 11,612
in ALSPAC.

Modelling childhood psychopathology

The unifactor model in each cohort had a poor fit, as did the model with internalis-
ing and externalising factors only. Model fit improved with the addition of rater factors
and further improved with the inclusion of the GPF. Consistently across all cohorts, the
best fitting model was a bifactor solution containing a GPF, the specific internalising/
externalising factors, and rater factors. Model fit statistics for all models tested are
shown in Table 1.

Initially, the correlation between the internalising and externalising factors was
constrained to zero in all models. As a sensitivity analysis, we allowed these factors
to correlate. In none of the cohorts, did this substantially improve model fit and the
correlation between the internalising-externalising factors was small. Consequently, to
ensure consistent and parsimonious models final bifactor models in all cohorts were
orthogonal.

The final model structure for ALSPAC, MAVAN and Generation R are displayed in
Figure 1 and Tables S2-S4.

Sensitivity analysis

1,129 (9.7%) participants in the ALSPAC cohort had complete data on all items in-
cluded in the psychopathology model. Analyses were re-run in ALSPAC restricting to
this subset of complete cases. A similar pattern was observed, with a bifactor model
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Table 1: Model fit statistics for final model of childhood psychopathology

ALSPAC Generation R MAVAN
RMSEA RMSEA RMSEA
CFI TLI CFI TLI CFI TLI
(90% Cl) (90% Cl) (90% Cl)
0.083 0.103 0.084
Unifactor (0.079, 0.297 0.274 (0102, 0.104) 0.544 0.509 (0.082, 0.460 0.440
0.087) e 0.086)
0.082 0.124 0.082
Internalising
external- (0.078, 0.311 0.289 (0.123, 0.126) 0.324 0.287 (0.079, 0.544 0.526
ising 0.086) R 0.084)
0.036 0.048 0.055
Bifactor
—int, ext, (0.036 0.876 0.863 0.915 0.894 (0.052 0.787 0.763
rater & GPF . g - ,
0.036) (0.047,0.049) 0.057)

containing a GPF, specific internalising/externalising factors, and observer factors found
to be the best solution (Table S6).

Testing the associations between general and specific factors in the bifactor
model and long-term outcomes

Results showed that the general psychopathology was associated with a range of
different outcomes (Table 2). Specifically, there was evidence of an association between
the GPF and: developing a depressive disorder (=0.117, p=0.001), experiencing de-
creased psychological wellbeing at age 21 (B=-0.062, p=0.001), failing mathematics (B=-
0.235, p<0.001) or English GCSE at age 16 (B =-0.260, p<0.001). Unexpectedly there was
an association between GPF and reduced risk of problem drinking (B=-0.102, p<0.001)
but no evidence of an association with criminal activity and one with anxiety. In the
same bifactor model the specific internalising factor was associated with increased risk
for depression (=0.085, p=0.030) and anxiety (3=0.184, p<0.001), decreased wellbeing
(B=-0.089, p<0.001), and failure at mathematics GCSE (B=-0.054, p=0.017). There was
little evidence of an association with later problem drinking, criminal behaviour or En-
glish GCSE results. There was no evidence of an association between the externalising
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Table 2: Association between childhood psychopathology and later outcomes adjusted for ma-
ternal age at delivery, maternal education, household income and child gender

INT/EXT model Bifactor model
(no GPF) (INT, EXT, GPF)
Factor N Estimate P-value Estimate P-value
Depressive disorder INT 4260 0.106 0.013 0.085 0.030
EXT 0.145 <0.001 -0.027 0.497
GPF - - 0.117 0.001
Anxiety INT 4260 0.204 <0.001 0.184 <0.001
EXT 0.085 0.063 -0.064 0.147
GPF - - 0.069 0.080
Wellbeing INT 4205 -0.100 <0.001 -0.089 <0.001
EXT -0.079 <0.001 -0.025 0.267
GPF - - -0.062 0.001
Problem drinking INT 3654 -0.054 0.065 -0.040 0.158
EXT -0.114 <0.001 -0.080 0.010
GPF - - -0.102 <0.001
Crime INT 3684 -0.017 0.641 -0.022 0.529
EXT 0.073 0.035 0.062 0.075
GPF - - 0.050 0.085
Mathematics GCSE —  INT 6081 -0.097 <0.001 -0.054 0.017
pass grade (C or above) g, 0308  <0.001 0050  0.055
GPF - - -0.235 <0.001
English GCSE — pass ~ INT 6201 -0.032 0.294 0.015 0.533
grade (Corabove)  pyy 0383  <0.001 0082  0.001
GPF - - -0.260 <0.001

factor scores from the bifactor model and adverse outcomes but some evidence of
association with a lower risk for later problem drinking (B=-0.080, p=0.010) and bet-
ter performance at both mathematics (3=0.050, p=0.055), and English GCSE ($=0.082,
p=0.001).

In contrast when not including the GPF in the model, externalising factor was asso-
ciated with increased criminality, depression, anxiety, failure at both mathematics and
English GCSE, decreased wellbeing and lower problem drinking (Table 2). The internalis-
ing factor showed similar associations with depression, anxiety, wellbeing and reduced
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attainment in mathematics. These associations were stronger in the absence of a gen-
eral psychopathology factor.

Full results for the adjusted models are given in Tables 2 and unadjusted models in
S7.

DISCUSSION

Here we replicated a bifactor model structure of childhood psychopathology in three
international birth cohorts in the DREAM BIG consortium. In each cohort, this bifactor
model included a specific internalising and externalising factor, as well as a general psy-
chopathology factor representing variance common to all psychological symptoms.

Having replicated this bifactor model structure across three cohorts, we were able
to examine the extent to which this factor was associated with long-term follow up
data from ALSPAC. As hypothesised the GPF was associated with a range of outcomes.
However, the specific internalising factor still predicted depression, anxiety and wellbe-
ing when accounting for general psychopathology. In contrast the externalising factor
which showed some associations in the simpler model was no longer predictive of ad-
verse outcomes once general psychopathology was taken into account.

This suggests that shared variance between externalising and internalising symp-
toms may be more important for long term outcomes than specific externalising symp-
toms. However, these results should be replicated in independent cohorts. If this find-
ing does hold, this does not imply that externalising symptoms are not associated with
later functioning, rather, that once the shared variance between externalising and in-
ternalising is taken into account (i.e., in the form of the GPF), the remaining unique
variance does not relate to the examined outcomes of adolescent/adult functioning.
This finding is consistent with those of Brikell and colleagues who investigated the as-
sociation between a general psychopathology factor model and genetic risk scores for
attention-deficit hyperactivity disorder.?* Simply put, the shared variance in the GPF
represents children having both externalising and internalising symptoms and the spe-
cific factors representing children with ‘pure’ symptoms. Thus, our results suggest that
those at greater risk of later adverse outcomes such as poor school performance are
likely to present with both behavioural and emotional symptoms. Identifying these
children would enrich our understanding of the developmental pathways which could
inform intervention or prevention strategies, such as the development of a universal
therapy or repurposing existing therapies in a transdiagnostic approach.?%?

Our results also highlighted the importance of accounting for variation common to
a specific informant, as this further improved model fit in each cohort. This partially
reflects the individual differences inherent in how different informants answer specific
items but it also reflects the fact that raters generally complete entire questionnaires.
Thus the different rater factors also likely captured questionnaire-specific variance. In
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sum, the informant does have a unique contribution to the child’s symptom scores,
which is important to account for in data analysis. We therefore recommend that devel-
opmental researchers collect data from multiple informants, whenever possible.

There are a number of limitations to our analysis that should be considered. First,
the measures of psychopathology partially differed across the cohorts and child self-re-
ports were unavailable in ALSPAC for this age group. However, each cohort used a broad
range of measures to capture childhood psychopathology and a comparable model
solution was found to be the best across all cohorts. Second, there were missing data in
each cohort. In order to maximise power and reduce sampling bias we imputed missing
data for all participants with available observation on at least one psychopathology sub-
scale. Importantly, consistent results emerged in the sensitivity analysis conducted in
ALSPAC with complete cases only. We did not impute outcomes in ALSPAC so were un-
able to check how outcomes from our prediction models compared with imputed data.
Third, different statistical programmes and imputation strategies were used across the
cohorts, however our conclusions about which was the best model were consistent
despite these differences. Finally, these analyses were based on data from convenient
time points in all cohorts thus do not inform us regarding the trajectory of symptoms of
internalising and externalising disorders over time. However, we were able to identify a
comparable factor structure of early childhood psychopathology across three indepen-
dent cohorts.

CONCLUSION

We suggest that models of childhood psychopathology should account for the
co-occurrence of emotional and behavioural symptoms, as well as variance specific to
these symptoms, and the informant reporting on the child. Our findings further indi-
cate that this co-occurrence of externalising and internalising symptoms may be more
informative for the prevention of long-term adverse outcomes than specific symptoms.
However, this finding should be replicated in further studies.
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SUPPLEMENTARY MATERIALS AND METHODS

Studies
Avon Longitudinal Study of Parents and Children (ALSPAC)

ALSPAC is a longitudinal pregnancy cohort which aimed to recruit all pregnant wom-
en in the former county of Avon with an expected due date between April 1991 and
December 1992. Detailed information has continued to be collected on mothers, part-
ners and children in the cohort, this process has been described in detail elsewhere.’?
Out of the 14,541 mothers who entered the study, 11,612 children had data available
on at least one psychopathology subscale at age 7 years. Ethical approval for the study
was obtained from the ALSPAC Ethics and Law Committee and the Local Research Ethics
Committees. A fully searchable data dictionary with information on all available mea-
sures is available at http://www.bris.ac.uk/alspac/researchers/data-access/data-dictio-
nary/.

Generation Rotterdam (Generation R)

Generation R is a population-based birth cohort with the aim to identify early en-
vironmental and genetic determinants of development and health.>* Mothers living in
Rotterdam and delivery date between April 2002 and January 2006 were eligible for the
study. Out of the 9901 children who entered the study, 7946 had information on at least
one psychopathology subscale available at ages 6-8. All analyses are based on this sam-
ple. Parents gave informed consent for their children’s participation. The Generation R
Study is conducted in accordance with the World Medical Association Declaration of
Helsinki and study protocols have been approved by the Medical Ethics Committee of
the Erasmus Medical Centre, Rotterdam.

Maternal Adversity, Vulnerability and Neurodevelopment study (MAVAN)

The Maternal Adversity, Vulnerability and Neurodevelopment (MAVAN) study is a
Canadian community-based birth cohort. Pregnant women were recruited from obstet-
ric clinics in hospitals from Montreal (Quebec) and Hamilton (Ontario) if they were 18
years of age or older and fluent in either French or English. Greater details about the
cohort are provided elsewhere.> The DAWBA was designed for use in samples of 5-16
year olds. The DAWBA was rated by parents and teachers in the ALSPAC cohort at age
7 years.

Social and Communication Disorders Checklist (SCDC). The Social and Communi-
cation Disorders Checklist (SCDC) is a 12-item screening tool for autistic traits/develop-
mental disorders.7 The SCDC is a parent-reported measure ranging from 0 to 24, with
higher scores indicative of more autistic traits. 9 of the items measure traits relating
to social interaction and communication skills, with the remaining 3 items measuring
behavioural problems and functional impairment. Parents are asked to rate each state-
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ment according to behaviour in the previous 6 months as ‘not true’, ‘quite or sometimes
true’ or ‘very or often true’, with corresponding scores of 0, 1 and 2. The SCDC was rated
by parents in the ALSPAC cohort when children were aged 7.5 years.

Additional teacher questions. Additional questions were included within the teach-
er rated questionnaires in ALSPAC which assessed the number of troublesome and awk-
ward behaviours, attention and activity, and the burden of these behaviours on the
child. These were measured when the children were around 7 years of age.

Field worker rated observations. ALSPAC participants attended a clinic at age 7, at
which they completed the following 7 sessions: coordination, hearing, allergy, biological
samples, measurements and body statistics, vision, and word skills. After each of these
sessions, the field worker was asked to rate the child on each of the following attributes:
cooperative, shy, fidget, active, attention and responsive/rapport. Each attribute was
measured on a scale of 1-3, for example 1 = cooperative, 2 = somewhat cooperative, 3
= uncooperative.

Social Responsiveness Scale (SRS). Autistic-like traits were measured using a val-
idated short-form of the SRS.8 he primary caregiver (91% mothers) rated autistic-like
traits when children were 6 years (M=6.2, SD=0.5). The subscales Social Cognition, So-
cial Communication, and Autistic Mannerism were calculated.

Teachers Rating Form (TRF). At age 7 years (M=6.7, SD=1.3) teachers assessed child
psychological problems with the TRF 6-18,9 which includes the subscales: Anxious/ De-
pressed, Withdrawn/Depressed, Somatic Complaints, Social Problems, Thought Prob-
lems, Attention Problems, Rule-Breaking Behaviour, and Aggressive Behaviour.

Berkeley Puppet Interview (BPI). Self-reported behaviour problems were measured
in Generation R using the BPI, a semi-structured interactive interview10 conducted at
age 6 years (M=6.2, SD=0.5). During the interview two hand puppets made opposite
statements and the child had to choose which statement fit them best. Scoring was
performed with video tapes with high intercoder reliabilityllas used to obtain stan-
dardized parent reports of common emotional and behavioural problems. For the cur-
rent study, we included the seven empirically derived narrowband syndrome scales of
the CBCL: Emotionally Reactive, Anxious/Depressed, Somatic Complaints, Withdrawn,
Sleep Problems, Attention Problems and Aggressive Behaviour. Items were rated on a
3-point scale (not true, somewhat/sometimes true and very/often true). Within MA-
VAN, the CBCL was completed by the mother at two time points, i.e., at age 4 and 5
years. In Generation R, questionnaires were completed by the primary caregiver (92%
mothers) when children were on average 6 years (M=6.1, SD=0.5).

Strengths and Difficulties Questionnaire (SDQ). The SDQ is a reliable and valid brief
measure of prosocial behaviour and psychopathology in children.6 The SDQ asks about
25 attributes of the child, both positive and negative. Each item can be marked as ‘not
true’, ‘somewhat true’ or ‘certainly true’. The measure comprises five subscales, each
with five items: emotional symptoms, conduct problems, hyperactivity-inattention,
peer problems and prosocial behaviour. The MAVAN cohort included maternal ratings
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of the SDQ at ages 5 and 6 years and paternal ratings at 5 years. Within Generation R,
the same collection of questionnaires that contained the CBCL, were used to assess
items from the SDQ prosocial behaviour scale. The SDQ was also assessed in ALSPAC,
with parent and teacher ratings collected at around 7 years of age.

Conners’ Parent Rating Scale—Revised: Short Form (CPRS-R). Within the MAVAN
study, ratings of children’s externalizing problems were measured using both maternal
and paternal ratings on the CRPS-R:513 at two time points: at five and six years of age. In
Generation R, the CPRS-R was completed by the primary caregiver (90% mothers) when
children were 8 years (M=8.2, SD=0.2). The CPRS-R is a well-validated questionnaire for
the assessment of ADHD and ODD. Items were rated on a 4-point scale from 0 (not true
at all) to 3 (very much true). Three scales of the CPRS-R were used: Inattention/Cogni-
tive Problems, Hyperactivity and Oppositional.

The Preschool Age Psychiatric Assessment (PAPA). The PAPA is a semi-structured
researcher-administered diagnostic parent interview, feasible and validated for children
under age 7.14 Participants reported on the presence or absence (yes/no) of symptoms
of seven disorders with the help of standardized drawings. The symptom scales include
Major Depressive Disorder, Generalized Anxiety Disorder, Specific Phobias, Social Pho-
bia, ADHD, ODD, and CD. The present study did not include children’s ratings for the
ADHD subscale, given its low reliability at this young age according to the manual.16

Imputation strategy

For the ALSPAC cohort, imputation was performed using the ice command imple-
mented in Stata 14. Variables included in the imputation model included each vari-
able in the P-factor, plus all earlier measures of these variables and auxiliary variables
deemed to be related to missingness. Auxiliary variables included maternal and pater-
nal socioeconomic status and level of education, maternal and paternal alcohol use,
marital status, perinatal depression, drug use, domestic violence, partner affection and
aggression, gestational age, maternal age at delivery, ethnicity, gestation at enrolment,
child temperament. 40 imputed datasets were created, and the parameter estimates
for each imputation were combined using Rubin’s rules as applied by the ‘imputation’
package in Mplus.

In MAVAN and Generation R, missing data points were estimated using the full infor-
mation maximum likelihood (FIML) function specified within lavaan. This function uses
all available data on the subscales that were included in the model to estimate missing
values.

The general psychopathology factor | 79



Table S1: Summary of measures across cohorts

ALSPAC GenR MAVAN
Rater Measure Subscale Measure Subscale Measure Subscale
(Age) (Age) (Age)
Parent DAWBA Depression CBCL Emot'lo‘nally CBCL Emotlo-nally
reactive reactive
. Anxious/ (Mother —4 Anxious/
(7years)  General anxiety (6 years) depressed and 6 years) depressed
Separation Somatic Somatic
anxiety complaints complaints
Social phobia Withdrawn Withdrawn
. . Sleep
Specific phobia Sleep problems problems
ADHD Attention Attention
problems problems
Conduct disorder Aggres.swe Aggres.swe
behaviour behaviour
oDD Sum scpre of other
items
Emotional prob- Emotional
sba lems sba problems
(Mother -5
(7 years) Peer problems a::tﬁe\:e_arss; Peer problems
years)
Conduct problems Conduct
problems
Hyperactivity Hyperactivity
Prosocial Prosocial
ADHD ADHD
CPRS-R inattentive CPRSR inattentive
ADHD (Mother and ADHD
(8 years) hyperactive  father—5and hyperactive
impulsive 6 years) impulsive
OoDD OoDD
SRS Social cognition PAPA Separ.atlon
anxiety
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Table S1: (Continued)

ALSPAC GenR MAVAN
Measure Measure Measure
Rater Y Subscale “ Subscale Y Subscale
(Age) (Age) (Age)
(6 years) Soa'al . (Mother — 6 GAD
communication years)
Aut]st!c Social phobia
mannerism
SCDC } Ove.ranX|ous
disorder
(7.5 years) Panic disorder
Depression &
dysthymia
ADHD
CcD
ODD
Anxious/
Teacher DAWBA ADHD TRF
depressed
Conduct Withdrawn/
(7 years) disorder (7 years) depressed
oDD Somat.'lc
complaints
Emotional .
sDQ problems Social problems
Thought
(7 years) Peer problems problems
Conduct problems Attention
problems
L. Rule-breaking
Hyperactivity behaviour
Prosocial Aggresrswe
behaviour
Additional Activity
questions  symptoms score
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Table S1: (Continued)

ALSPAC

GenR

MAVAN

Measure
(Age)

Rater

Measure
(Age)

Subscale Subscale

Measure
(Age)

Subscale

(7 years)

Attention s
ymptoms score
Burden of
attention/
activity
Awkward
behaviours
score

Troublesome be-
haviours

Burden of
troublesome
behaviours

Field worker
observa-
tions

Field
worker
(7 years)

Cooperative

Fidget

Active
Attention

Responsive

Child

BPI Depression

Dominic Depression

Separation

(6 years) anxiety

Overanxious

Separation

(6 years) anxiety

Overanxious

Oppositional de- Oppositional
fiant defiant
s Conduct
Overt hostility disorder
Conduct Phobias
problems

DAWBA — Development and Well-Being Assessment; ADHD — Attention deficit hyperactivity disorder; ODD —
oppositional defiant disorder; 1 CBCL - Child behaviour checklist; SDQ — Strengths and Difficulties Question-
naire; SCDC - Social and Communication Disorders Checklist; CPRS-R - Conners’ parent rating scale — revised:
short-form; * SRS - Social responsiveness scale; TRF — Teachers rating form; PAPA — Preschool Age Psychiatric

Assessment; BPI — Berkeley puppet interview
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Table S2: Structure of the bifactor model constructed for the ALSPAC cohort

Internalising factor

General factor

Externalising factor (GPF)

Rater Measure Scale Rater Measure Scale
Parent DAWBA Depression Parent DAWBA ADHD All items plus
) Conduct dis-  SDQ parent
General anxiety
order and
Separation Oppositional
anxiety defiant disorder teacher rated
Social phobia sbQ Conduct prob- prosocial
lems
Emotional -
sSDQ problems Hyperactivity  scores, and
Peer problems parent rated
Teacher sbQ Emotional Teacher DAWBA ADHD SCDC score
problems
Conduct dis-
order
Oppositional

defiant disorder

Conduct prob-

sbQ
lems
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Table S2: (Continued)

Internalising factor

Externalising factor

General factor
(GPF)

Rater Measure Scale Rater Measure Scale
Hyperactivity
Peer problems
Additional  Activity symp-
questions toms score

Attention symp-
toms score

Burden of
attention/ac-
tivity

Awkward be-
haviours score

Troublesome
behaviours

Burden of
troublesome
behaviours
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Table S2: (Continued)

Internalising factor

General factor

Externalising factor (GPF)

Rater Measure

Rater Measure Scale

Field-worker Cooperative

Fidget
Active

Attention

Responsive

In the initial model, items on the SDQ peer problems subscale were split across internalising and externalis-
ing factors, the prosocial subscale was included on the externalising factor. Field worker rated ‘responsive’
items were included on the internalising factors and the ‘shyness’ items were included in the model. In the
final model, peer problems were included as a single subscale on the externalising factor, the prosocial sub-
scales are included on the GPF only and responsiveness has been moved to the externalising factor. Shyness
items have been removed from the model as these were not found to load strongly on any of the factors.
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Table S3: Structure of the bifactor model constructed for the Generation R cohort

. General factor
Externalising factor

Internalising factor (GPF)
Rater Measure Scale Rater Measure Scale
Parent CBCL Emotionally o ot CBCL Attention
reactive problems
Anxious/ Aggressive
depressed behaviour
All subscales
plus CBCL
. sleep prob-
Somatic com- lems, CBCL
plaints sum score of
other items,
TRF social
Withdrawn problems, TRF
thought prob-
CPRS.R ADHD Iems',Jancli SRS
inattentive subscales
ADHD
hyperactive
impulsive
OoDD
Teacher TRF Anxious/de- Teacher TRF Attention
pressed problems
Withdrawn/ Rule-breaking
depressed behaviour
Somatic com- Aggressive
behaviour

plaints
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Table S3: (Continued)

. . . Oppositional
Child Depression Child BPI defiant
Separ.at'lon Overt hostility
anxiety

Conduct
problems
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Table S5: Model fit statistics for final model of childhood psychopathology

ALSPAC Generation R MAVAN
RMSEA RMSEA RMSEA
CFI TLI CFI U CFI T
(90% Cl) (90% Cl) (90% CI)
0.083 0.103 0.084
Unifactor (0079, 0297 0274 (0102, 0544 0509 (0082, 0.460 0.440
0.087) 0.104) 0.086)
termalisine g 082 0.124 0.082
niernatising 0311  0.289 0.324 0.287 0.544  0.526
externalising  (0.078, (0.123, (0.079,
0.086) 0.126) 0.084)
Internalising &  0.086 0.105 0.081
externalising 0243 0218 0.352 0.315 0.559  0.541
(correlated)*
(0.080, (0.103, (0.078,
0.084) 0.105) 0.083)
Internalising, 0.047 0.060 0.061
externalising & 0778 0763 0.857 0.836 0.754  0.733
rater (0.043, (0.058, (0.059,
0.050) 0.061) 0.064)
Internalising, ¢ 559 0.060 0.061
f:tt:rma"s'"g& 0752 0735 0.857 0.836 0.754  0.733
(correlated)**
(0.046, (0.058, (0.059,
0.054) 0.061) 0.064)
sitactor —int. 0060 0.090 0.072
ifactor —int,
ext & GPF (0.056, 0643 0619 (0.089, 0.674 0.629 (0.069, 0.620  0.592
0.064) 0.091) 0.074)
sitactor _ing. 0036 0.048 0.055
Irfactor—=in
' 0876  0.863 0.915 0.894 0.787  0.763
ext, rater & GPF  (0.036, (0.047, (0.052,
0.036) 0.049) 0.057)
E,‘]’c"et'ated, . 0036 0.048 0.055
actor = nt, 0.872  0.859 0915  0.894 0787 0.762
ext, rater &
GPF*** (0.036, (0.047, (0.052,
0.036) 0.049) 0.057)

* Correlation between internalising and externalising factors: ALSPAC=0.286, p<0.001; Generation R=0.664,

p<0.001; MAVAN=0.572, p<0.001

** Correlation between internalising and externalising factors: ALSPAC=0.284, p<0.001; Generation

R=0.108, p=0.002; MAVAN=-0.026, p=0.814

*** Correlation between internalising and externalising factors: ALSPAC=-0.102, p<0.001; Generation R=-

0.230, p<0.001; MAVAN=-0.051, p=0.578
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Table S6: Model fit statistics restricting to complete cases in the ALSPAC cohort

ALSPAC
RMSEA CFI U
Unifactor 0.066 (0.064, 0.067) 0.436 0.418
Rater 0.051 (0.049, 0.052) 0.665 0.653
Instrument 0.069 (0.068, 0.070) 0.370 0.349
Internalising & exter-  he () 065, 0.067) 0.422 0.404
nalising
Internalising, exter- , 15 0 039, 0.041) 0.800 0.787

nalising & rater
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Table S6: (Continued)

Bifactor — internalis-
ing, externalising & 0.042 (0.041, 0.043) 0.774 0.759
P-factor

Bifactor — internal-
ising, externalising, 0.026 (0.025, 0.028) 0.915 0.906
rater & P-factor

Correlated bifactor —
internalising, external- 0.026 (0.025, 0.028) 0.914 0.905
ising, rater & P-factor*

* Correlation =-0.157, p<0.001
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Table S7: Unadjusted association between childhood psychopathology and later outcomes

No GPF (unadjusted)

Bifactor model

(unadjusted)
Factor N Estimate  P-value Estimate P-value
eri’r?k'iTngmb'em INT 3654 -0.065 0029  -0.053  0.067
EXT -0.108 0.0001 -0.068 0.037
GPF - - -0.093 0.001
Crime binary INT 3684 -0.042 0.267 -0.056 0.114
EXT 0.180 <0.001 0.032 0.383
GPF - - 0.143 <0.001
Wellbeing INT 4205 -0.108 <0.001 -0.101 <0.001
EXT -0.041 0.066 -0.047 0.042
GPF - . -0.028 0.145
Depressive disorder INT 4260 0.120 0.004 0.108 0.006
EXT 0.085 0.041 0.007 0.865
GPF - - 0.063 0.076
Anxiety INT 4260 0.214 <0.001 0.200 <0.001
EXT 0.036 0.433 -0.039 0.383
GPF - - 0.022 0.572
Maths GCSE — pass INT 6081 0.079 0.004 -0.038 0.112
grade (C or above) EXT 0.352 <0.001 0.040 0.148
GPF - - -0.269 <0.001
English GCSE — pass INT 6201 0.004 0.876 0.041 0.095
grade (C or above) EXT 0447  <0.001  0.090 0.001
GPF - - -0.350 <0.001
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