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Association of gray matter volumes with general and specific
dimensions of psychopathology in children
E. Leighton Durham 1, Hee Jung Jeong1, Tyler M. Moore 2, Randolph M. Dupont1, Carlos Cardenas-Iniguez 3, Zaixu Cui 2,
Farrah E. Stone1, Marc G. Berman 3,4, Benjamin B. Lahey5 and Antonia N. Kaczkurkin 1

Childhood is an important time for the manifestation of psychopathology. Psychopathology is characterized by considerable
comorbidity which is mirrored in the underlying neural correlates of psychopathology. Both common and dissociable variations in
brain volume have been found across multiple mental disorders in adult and youth samples. However, the majority of these studies
used samples with broad age ranges which may obscure developmental differences. The current study examines associations
between regional gray matter volumes (GMV) and psychopathology in a large sample of children with a narrowly defined age
range. We used data from 9607 children 9–10 years of age collected as part of the Adolescent Brain Cognitive DevelopmentSM

Study (ABCD Study®). A bifactor model identified a general psychopathology factor that reflects common variance across disorders
and specific factors representing internalizing symptoms, ADHD symptoms, and conduct problems. Brain volume was acquired
using 3T MRI. After correction for multiple testing, structural equation modeling revealed nearly global inverse associations
between regional GMVs and general psychopathology and conduct problems, with associations also found for ADHD symptoms
(pfdr-values ≤ 0.048). Age, sex, and race were included as covariates. Sensitivity analyses including total GMV or intracranial volume
(ICV) as covariates support this global association, as a large majority of region-specific results became nonsignificant. Sensitivity
analyses including income, parental education, and medication use as additional covariates demonstrate largely convergent results.
These findings suggest that globally smaller GMVs are a nonspecific risk factor for general psychopathology, and possibly for
conduct problems and ADHD as well.
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INTRODUCTION
Many forms of psychopathology first manifest during childhood
[1] and the emergence of symptoms during development is a
substantial risk factor for psychopathology during adulthood [2].
Childhood is characterized by extensive brain development [3]
and neural plasticity [4]. As a result of enhanced neural plasticity,
childhood is also a time in which individuals may be more
susceptible to environmental influences that are likely to influence
psychopathology development [4]. Identifying neural mechanisms
underlying psychopathology in childhood is vital to the advance-
ment of risk-identification, prevention, and intervention strategies.
Dimensions of psychopathology are continuous [5], highly

correlated [6], and hierarchically organized [5–9]. Furthermore,
research suggests that the comorbid nature of psychopathology is
also manifested in the patterns of neural substrates of psycho-
pathology, as similar neural mechanisms are shared across disorders
[10]. For example, a meta-analysis demonstrated common gray
matter volume (GMV) deficits in the dorsal anterior cingulate and
bilateral insula across six different diagnoses: schizophrenia, bipolar
disorder, depression, addiction, obsessive-compulsive disorder, and
anxiety [11].
Nonetheless, the vast majority of research surrounding neural

mechanisms of psychopathology has employed case-control

designs in which healthy controls are compared to persons who
meet criteria for categorically defined disorders. There are several
disadvantages of this approach. First, case-control designs introduce
biases in comparisons and need to be complemented by
population-based studies [12]. Second, dimensional approaches to
measuring psychopathology capture the continuous variation in
symptoms more effectively than categorical diagnoses [13]. Third,
dimensions of psychopathology are more reliable and valid than
categories [14].
Researchers have proposed that psychopathology can be

conceptualized as a hierarchy of correlated dimensional symptom
domains [5, 8, 15, 16]. Using a variety of methods [17], this
research suggests a hierarchical structure of psychopathology
consisting of a general factor, which represents the shared
variance of symptoms across all measured disorders, in addition to
several factors that represent the variance in specific symptom
domains (e.g., internalizing). Further, research has shown that a
bifactor model in which all symptoms load onto both a general
psychopathology factor and a single orthogonal specific factor is a
useful model for testing hypotheses surrounding the distinct and
shared features associated with dimensions of psychopathology,
as it identifies uncorrelated phenotypes [8, 18]. Bifactor models
have been applied and replicated in both adult [15, 19, 20]
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and youth samples [18, 21, 22]. Such models allow for the
operationalization of general psychopathology and the examina-
tion of correlates and mechanisms associated with both general
and specific factors of psychopathology.
Hierarchical symptom dimensions can be related to neurostruc-

tural measures to identify common and unique neural substrates
of psychopathology [10]. Previous studies using this approach have
shown inverse associations between psychopathology dimensions
and GMV, i.e., greater loadings on psychopathology dimensions
being related to smaller GMVs [23–26]. However, most of these
studies have focused on adults or samples with broad age ranges,
such as samples of 1394 youth 8–23 years of age [23], 254 children
between 6 and 10 years [24], 1246 undergraduate students [25],
and 1019 youth 11–21 years old [26]. Given that these dimensions
may change over development, a large sample with a narrowly
defined age range may be useful. The large size (11,875) and
narrow age range (9–10 years) of the Adolescent Brain and
Cognitive Development (ABCD) Study sample allows for greater
power to detect differences and more reliability for generating
latent psychopathology factors at a particular age. In addition,
previous findings are in need of replication in order to further
assess their validity and robustness [27].
The aim of the current study was to further delineate the

neurostructural substrates of psychopathology through the investi-
gation of associations between regional GMV and dimensions of
psychopathology as defined by a bifactor model in a large sample of
children with a narrowly defined age range. GMV was chosen based
on prior work showing a relationship between global GMV deficits
and a general psychopathology factor in a sample ranging from 8 to
23 years [23]. However, this study’s broad age range may obscure
developmental changes in these brain–behavior relationships. Thus,
it is imperative to examine these associations in a sample with a
more homogeneous age range in order to map these associations
more precisely.
The current study builds upon prior work by leveraging a large

sample of children 9–10 years old from the ABCD Study. We
examined associations between regional GMVs and four dimen-
sions of psychopathology representing general psychopathology,
internalizing symptoms, ADHD symptoms, and conduct problems.
We controlled for demographic factors such as age, sex, and race/
ethnicity in all analyses, and we performed sensitivity analyses
with measures of socioeconomic status and medication use to test
the robustness of these findings. Based on prior research [23], we
hypothesized that general psychopathology would be associated
with smaller regional GMVs throughout the brain. Given that a
substantial portion of genetic variance in psychopathology is
shared across disorders and genetics show nonspecific associa-
tions with the brain [9], we predicted a global rather than focal
pattern for GMV and psychopathology. Such findings would
provide important evidence that the relationship between smaller
GMV and psychopathology is evident early in development. In
addition, given that adolescence is a time of exponential increase
in mental disorders [1], our study provides a baseline measure for
future longitudinal analyses of the ABCD Study dataset. This will
allow for a better understanding of how these brain–behavior
relationships change throughout development, which is important
for interpreting their clinical implications.

MATERIALS AND METHODS
Participants
The present analyses used data from Wave 1 (release 2.0.1) of the
ABCD Study [28]. The institutional review board at Vanderbilt
University approved the use of this dataset. As detailed previously
[29], participants in the ABCD study were recruited at 21 sites
across the United States. Wave 1 of the ABCD study includes data
from 11,875 children between 9 and 10 years of age. After
excluding cases with missing data or who failed to pass quality

assurance measures (see Fig. S1), the final sample size included in
analyses was N= 9607. Specifics regarding methods for imaging
data exclusions can be found elsewhere [30]. In comparison to
those excluded from analyses (N= 2268), the final sample had a
higher proportion of females, a lower proportion of racial/ethnic
minority status individuals, higher income, more parental educa-
tion, and was older in age (p values ≤ 0.001). A summary of the
demographic characteristics of the analyzed sample can be found
in Table 1.

Measure of psychopathology
Psychopathology was measured from parent reports on the Child
Behavior Checklist (CBCL) for school-aged children [31]. The CBCL
contains 119 items describing behaviors and emotions in children
that may be of concern. Items were rated on a 3-point scale in
which 0= not true (as far as you know), 1= somewhat or
sometimes true, and 2= very true or often true. Ratings were
made by only one of the child’s parents or guardians. See the

Table 1. Summary of demographic characteristics of the sample
included in analyses of associations between brain volume and
psychopathology (N= 9607).

Mean SD

Age (months) 119.16 7.47

N %

Gender

Female 4686 48.78

Male 4921 51.22

Race-Ethnicity

White 5127 53.37

Hispanic 1961 20.41

African American 1365 14.21

Other 1154 12.01

Household annual income

<$5000 320 3.33

$5000–$11,999 323 3.36

$12,000–$15,999 220 2.29

$16,000–$24,999 411 4.28

$25,000–$34,999 520 5.41

$35,000–$49,999 735 7.65

$50,000–$74,999 1219 12.69

$75,000–$99,999 1301 13.54

$100,000–$199,999 2753 28.66

≥$200,000 1003 10.44

Missing 802 8.35

Parental education

No degree 468 4.87

Highschool degree/GED 1147 11.94

Some college 1572 16.36

Associate’s degree 1228 12.78

Bachelor’s degree 2721 28.32

Master’s degree 1867 19.43

Professional/Doctoral degree 591 6.15

Missing 13 0.14

The “Other” Race-Ethnicity category includes those who were identified by
their parent as American Indian/Native American, Alaska Native, Native
Hawaiian, Guamanian, Samoan, Other Pacific Islander, Asian Indian,
Chinese, Filipino, Japanese, Korean, Vietnamese, Other Asian, or
Other Race.
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supplement for more details regarding CBCL item inclusions and
exclusions. Internal consistency for the CBCL items included in
analyses was excellent in the current sample (α= 0.94).

Image acquisition, processing, and quality assurance
Image acquisition, processing, and quality assurance procedures
have been previously described [29, 30] and are detailed in the
supplement.

Bifactor modeling of psychopathology dimensions
All analyses were completed using Mplus version 8.4 [32].
As detailed previously [18], exploratory factor analyses of the

CBCL data from a random half of the ABCD Study sample (N=
5932) specified three correlated psychopathology dimensions:
internalizing, ADHD, and conduct problems. A confirmatory
bifactor analysis was completed with the second half (N= 5934)
of the data, which defined a general psychopathology factor that
reflects the shared symptoms across all participants, as well as the
specific factors for internalizing, ADHD, and conduct problems
(see Fig. 1). The four factors are orthogonal to each other.
The psychometric properties of the factors met all standards for
construct reliability and factor determinacy recommended for
bifactor models [33], and each factor demonstrated adequate
criterion validity. More specifically, Moore et al. [18] used
additional variables from the ABCD Study, that held both clinical
and theoretical relevance, as external criterion measures to
investigate the bifactor model’s criterion validity. Factors yielded
from the bifactor model had significant associations with external
criterion measures. For additional details about the calculation
processes and results of the bifactor modeling, as well as the
validity and reliability of the psychopathology dimensions, see
Moore et al. [18].

Statistical analyses
Using the latent factors of psychopathology identified by Moore
et al. [18], we examined associations between psychopathology

and GMV. We performed analyses with the 68 cortical regions
derived from the surface-based atlas procedure developed by
Desikan et al. [34], as well as 19 subcortical regions derived by
the automated labeling procedure developed by Fischl et al. [35].
In accordance with research that has demonstrated sex
differences in brain volume [36], sex was included in the model
as a covariate. Age and race/ethnicity were also included in the
model as covariates. Finally, MRI scanner model was included as
a covariate to account for scanner differences. For each brain
region, we investigated associations between psychopathology
and volume using the following formula: regional GMV= β ×
age+ β × sex+ β × race/ethnicity+ β × MRI scanner model+
β × general psychopathology+ β × internalizing+ β × ADHD+
β × conduct problems. To control for multiple testing across
regions, we controlled the false discovery rate (q < 0.05) using
the stats package in R version 3.6.1 (http://www.r-project.org/).
The orthogonality of the four psychopathology variables allows
them to be included together in the same model without
problems of multicollinearity. All analyses used post-stratification
weights to account for the stratification in data collection sites
[37]. In addition, the ABCD Study dataset includes some twins
and siblings, so analyses accounted for clustering within families,
with families being modeled with a random intercept.

Sensitivity analyses
Several iterations of sensitivity analyses were performed in order
to test the robustness of the findings. First, intracranial volume
(ICV) was added as an additional covariate to determine whether
associations between regional GMVs and the psychopathology
dimensions remained when controlling for cranial size. Second,
total cortical GMV (for cortical regions) and total subcortical GMV
(for subcortical regions) were added as additional covariates to
determine whether associations between regional GMVs and the
psychopathology dimensions remained when controlling for total
cortical/subcortical GMV. Third, income and parent’s highest level
of education were added as additional covariates in accordance
with prior research showing associations between those factors
and brain structure in children and adolescents [38]. Finally,
medication (whether participants reported taking current medica-
tions or not) was added as an additional covariate to determine
whether associations between regional GMVs and psychopathol-
ogy shift when taking into account medication status.

RESULTS
Associations of psychopathology dimensions with regional brain
volumes
After FDR correction for multiple comparisons, the general
psychopathology, conduct problems, and ADHD factors were all
inversely associated with brain volume across multiple regions
(pfdr-values ≤ 0.048). In particular, for general psychopathology
and conduct problems, the associations were relatively global. Out
of the 68 cortical and 19 subcortical regions included in analyses,
general psychopathology was inversely associated with GMV in 54
cortical regions (Table S1 and Fig. 2) and in all 19 of the subcortical
regions after FDR correction (Table S2). Conduct problems were
inversely associated with GMV in 52 cortical regions (Table S1 and
Fig. 3) and 15 subcortical regions after FDR correction (Table S2).
ADHD symptoms were inversely associated with 25 cortical
regions (Table S1 and Fig. 4) and 8 subcortical regions after FDR
correction (Table S2). There were no significant associations
between GMVs and internalizing symptoms (pfdr-values ≥ 0.068;
Tables S1 and S2). Effect sizes for these associations were
expressed as standardized beta estimates. The range for each
factor was as follows: general psychopathology (−0.03 to −0.08),
conduct problems (−0.04 to −0.09), and ADHD (−0.04 to −0.08)
(Tables S1 and S2).

Fig. 1 Bifactor analyses delineate general and specific factors.
A confirmatory bifactor model of the CBCL data yielded four
orthogonal factors of psychopathology: general psychopathology,
which represents symptoms across all domains, as well as specific
factors for internalizing symptoms, ADHD symptoms, and conduct
problems.
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Sensitivity results
Sensitivity analyses were conducted to ensure that the primary
results were robust to possible confounds. Results of sensitivity
analyses controlling for family income and parent education were
largely convergent with the primary results (Tables S3 and S4 for
cortical and subcortical results, respectively). Specifically, GMV was
inversely associated with psychopathology in many regions for
general psychopathology (37 cortical and 18 subcortical regions)

and conduct problems (29 cortical and 3 subcortical regions), with
a weaker inverse association demonstrated for ADHD symptoms
(14 cortical and 0 subcortical) (pfdr-values ≤ 0.049). There were no
significant associations between GMVs and internalizing symp-
toms (pfdr-values ≥ 0.133). Results of sensitivity analyses control-
ling for medication use were also convergent with the primary
results (Tables S5 and S6 for cortical and subcortical results,
respectively). GMV was inversely associated with psychopathology

Fig. 2 General psychopathology shows smaller brain volumes nearly globally. A Greater general psychopathology scores were associated
with smaller cortical GMV in 54 out of 68 regions (FDR corrected). B As general psychopathology scores increase, cortical GMV decreases. Each
dot in the plot symbolizes a participant. The full model R2= 0.31.

Fig. 3 Conduct problems show smaller global brain volumes. A The specific conduct problems factor was associated with smaller cortical
GMV in 52 out of 68 regions (FDR corrected). B An inverse relationship was apparent, with cortical GMV decreasing as conduct problems
increase. Each dot in the plot symbolizes a participant. The full model R2= 0.31.

Fig. 4 ADHD symptoms are associated with smaller volumes in a number of regions. A The specific ADHD factor was associated with
smaller cortical GMV in 25 out of 68 regions (FDR corrected). B Greater ADHD scores were related to smaller cortical GMV. Each dot in the plot
symbolizes a participant. The full model R2= 0.31.
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in many regions for general psychopathology (51 cortical and
19 subcortical regions) and conduct problems (50 cortical and
16 subcortical regions), with a weaker inverse association
demonstrated for ADHD symptoms (23 cortical and 8 subcortical)
(pfdr-values ≤ 0.049). There were no significant associations
between GMVs and internalizing symptoms (pfdr-values ≥0.068).
Results of sensitivity analyses controlling for ICV or total cortical/
subcortical GMV revealed that most region-specific results became
not significant, further supporting the importance of globally
smaller GMV in association with psychopathology. When control-
ling for ICV, the only relationship that remained significant was an
inverse association between bilateral hippocampus GMV and
general psychopathology (left hippocampus: β=−0.04, pfdr=
0.019 and right hippocampus: β=−0.03, pfdr= 0.019) (Table S7).
When controlling for total subcortical GMV, there were significant
inverse associations between general psychopathology and GMV
of the bilateral hippocampus (left: β=−0.04, pfdr= 0.010; right:
β=−0.04, pfdr= 0.010), bilateral accumbens area (left: β=−0.03,
pfdr= 0.041; right: β=−0.03, pfdr= 0.038), and left amygdala (β=
−0.03, pfdr= 0.038), as well as a positive association between
general psychopathology and right cerebellum cortex GMV (β=
0.01, pfdr = 0.038) (Table S8). No other regions were significant
(pfdr-values ≥ 0.054).

DISCUSSION
Capitalizing on a large sample of 9–10-year-old children from
across the United States, we found that GMVs in many regions
were significantly associated with general and specific psycho-
pathology dimensions after correction for multiple comparisons.
Specifically, smaller GMVs throughout most regions were asso-
ciated with higher levels of the general factor of psychopathology
symptoms. The global nature of this association is demonstrated
by the loss of most regional associations when controlling for
total cortical/subcortical GMV or ICV. However, several regional
associations did remain after controlling for indices of brain size.
Specifically, when controlling for ICV or subcortical GMV, a
significant inverse association between bilateral hippocampus
GMV and general psychopathology remained. When controlling
for total subcortical GMV, inverse associations also remained
between general psychopathology and regional GMVs of the
bilateral accumbens area and left amygdala, and there was a
significant positive association between general psychopathology
and right cerebellum cortex GMV. In addition, a large portion of
regional GMVs were inversely associated with the conduct
problems factor, and a smaller portion with the ADHD symptoms
factor, with smaller volumes being associated with greater
symptoms in these domains. Sensitivity analyses suggest that
these results are robust even after controlling for income, parental
education, and medication use. Overall, these results suggest that
globally smaller GMV in childhood may be a nonspecific risk factor
for psychopathology across many mental disorders. There is also
evidence of specific associations for the conduct problems and
ADHD dimensions.
The results of the current study are consistent with prior work

showing smaller volumes in multiple regions associated with a
general psychopathology factor in children, adolescents, and/or
young adults [23–26] and with meta-analyses showing common
deficits across disorders in terms of GMV [11] and functional
activity [39]. However, the broad age ranges used in prior studies
make it difficult to disentangle the impact of development on
these associations. The current study expands on prior work by
investigating the associations between GMV and psychopathology
dimensions in a large sample of children with a narrowly defined
age range. Our finding of an inverse association between GMV
and general psychopathology suggests that the relationship
between smaller brain volume and psychopathology is evident
at this early point in development. These results also suggest that

GMV deficits across multiple forms of psychopathology in
childhood are widespread across the brain and nonspecific to
particular symptom classes. However, while these associations
may appear broad and nonspecific, it is possible that neurostruc-
tural deficits diverge into specific patterns over the course of
development. Future longitudinal data collection in the ABCD
Study will allow us to evaluate whether distinctive patterns of
brain variation manifest as children mature and develop divergent
patterns of psychopathology.
Prior studies have speculated on the potential influences that

may contribute to the relationship between GMV and psycho-
pathology [23], which are important in understanding the clinical
implications of our findings. For instance, a failure to achieve
normative levels of cortical expansion during development with
either reduced peak GMV or accelerated GMV loss could contribute
to the association between smaller GMVs and psychopathology
[23]. In addition, some neurostructural abnormalities may be
present from in-utero or early life and persist through development
as a result of factors such as maternal infections or obstetric
complications [23]. Given the detrimental impact of environmental
factors on the developing fetus, the most effective clinical
interventions in response to our finding of an association between
smaller GMV and psychopathology will likely need to come at the
prenatal stage such as better maternal nutrition, prenatal care, and
quick treatment of infections.
It is also important to understand our findings in the context of

cognitive and behavioral development and related clinical out-
comes. The general psychopathology factor in childhood has been
associated with diffuse problems such as deficits in self-control,
emotional regulation, and executive functions [7]. Thus, the
observation of nonspecific smaller GMV across regions involved in
self-control, emotional processing, executive functioning, and
other functions is compatible with the nonspecific cognitive and
behavioral deficits that the general factor may represent in children.
This could mean that smaller global GMVs in childhood are related
to an elevated risk of negative clinical outcomes in behavioral and
cognitive domains.
Interestingly, analyses controlling for ICV or total subcortical

GMV revealed focal results for the hippocampus, bilaterally.
Analyses controlling for total subcortical GMV also revealed
inverse associations between general psychopathology and GMV
of the bilateral accumbens area and left amygdala, and a positive
association between general psychopathology and right cerebel-
lum cortex GMV. Thus, the results of the current study suggest
both diffuse associations between regional GMV and general
psychopathology across the brain, as well as potential focal
associations with the hippocampus, amygdala, accumbens area,
and cerebellar cortex. Notably, the hippocampus and amygdala
are important for memory function, threat appraisal, and
regulation of the hypothalamic-pituitary-adrenal axis, which is
critical to responding to stress [40]. Smaller hippocampal volumes
are also associated with childhood maltreatment, which is known
to increase risk for psychopathology symptoms [41]. Our findings
related to the hippocampus and amygdala specifically are
consistent with prior research that demonstrated a significant
negative correlation between overall mental illness and hippo-
campus and amygdala GMVs in a large sample of 11–21 years old
[26]. In contrast to our finding of a positive association between
general psychopathology and right cerebellum GMV, prior
literature has yielded inverse associations between GMV of
cerebellar lobules and general psychopathology [42, 43]. However,
these results came from samples primarily made up of adolescents
and young adults, so it is possible that this association manifests
differently in children. Additional research is needed to character-
ize the specific relationship between general psychopathology
and cerebellum GMV across development.
Of note, the specific internalizing factor showed no significant

relationship with regional GMV in the current study. Given that
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each symptom assessed loads onto both the general psycho-
pathology factor and one specific factor, the general factor may
account for the majority of the variance explained, leaving little for
the residual internalizing factor to explain. This finding could
change as these children reach adolescence when the incidence
of serious anxiety and mood disorders is greatest [1, 44]. Future
waves of the longitudinal ABCD Study will allow us to further
parse the heterogeneous trajectories of brain development
associated with psychopathology [45]. Crucially, since the ABCD
Study captures neurostructural development prior to the increase
in anxiety and mood symptoms following puberty, this will offer a
unique opportunity to examine changes in trajectories using a
prospective approach, as only some children will go on to develop
internalizing disorders. Identifying the risk factors for these
children will be invaluable for advancing our knowledge about
brain–behavior relationships during development.
Notably, the effect sizes found in our analyses of GMV and

psychopathology were relatively small. Other studies with large
samples have consistently observed small but reliable associations
between brain structure and behavior [46]. One reason that this
might be expected is the brief nature of many psychopathology
measures used in large studies. These measures often have few
items, which leads to modest validity and reliability. Furthermore,
many studies rely on cross-sectional samples. This is particularly
relevant in the context of data from Wave 1 of the ABCD Study, as
childhood is a time of substantial change in both psychopathology
[1] and brain development [3], yet both have been captured at only
one timepoint. It is likely that the magnitudes of the associations
between psychopathology and GMVs are underestimated here, as
they are based on a single timepoint. This underscores why future
waves of ABCD Study data will be vital to illuminating develop-
mental trajectories of psychopathology and brain structure. While
the current study is limited by a cross-sectional design, one strength
of this study is the narrowly defined age range (in contrast to broad
age ranges used in prior cross-sectional studies) that allows us to
more precisely define the relationship between brain and behavior
at a specific age.
Several additional limitations of the current study are important

to note. First, the psychopathology factors are based on parent-
report CBCL data. Thus, they reflect parent impressions of
children’s behavior, and do not reflect child self-report, or formal
clinical diagnoses. However, this type of symptom-level data, as
compared to categorical diagnostic data, does aid in analyzing
mechanisms of psychopathology from a dimensional perspective,
which is likely to better reflect the spectrum of psychopathology
symptoms. Second, as noted previously, the group of participants
that was excluded from analyses due to missing data or failing to
pass the various levels of quality assurance for imaging data was
characterized by significantly lower income and parent education,
higher age, and a higher proportion of females and of racial/ethnic
minority status individuals. This non-randomness could be due to
known associations between lower SES, higher psychopathology,
and more motion in the scanner [47, 48]. Importantly, the non-
random nature of missing data may decrease the generalizability
of the current results and will likely underestimate the effects for
psychopathology. However, these associations are difficult to
address as motion is intertwined with SES and psychopathology,
and excessive motion compromises the usability of the neuroima-
ging data. Finally, future work would benefit from using multi-
variate analytical approaches, such as those implemented with
machine learning tools, to classify patients for predictive purposes
or to identify subtypes of individuals based on neurobiological
indices [10]. While beyond the scope of the current paper, such
approaches would be invaluable next steps for understanding
brain–psychopathology relationships in this age range.
In sum, consistent with the emerging notion that general

psychopathology may relate to nonspecific variation in the
brain, this study demonstrates that dimensions of general

psychopathology, ADHD symptoms, and conduct problems are
inversely associated with global GMV. This may suggest that
genetic and environmental factors that globally influence the size
of the brain are risk factors for general psychopathology. In
addition, we found several focal relationships in the hippocampus,
amygdala, accumbens, and cerebellum when these global
associations are accounted for by including indices of brain size as
covariates. Together, these results support and expand upon prior
work on the relationship between neurostructural variations and
psychopathology in childhood.
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