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Abstract

Reduced grey matter volume (GMV) is widely implicated in psychopathology, but studies have
found mostly overlapping areas of GMV reduction across disorders rather than unique neural
signatures, potentially due to pervasive comorbidity. GMV reductions may be associated with
broader psychopathology dimensions rather than specific disorders. We used an empirically
supported bifactor model consisting of common psychopathology and internalizing- and
externalizing-specific factors to evaluate whether latent psychopathology dimensions yield a
clearer, more parsimonious pattern of GMV reduction in prefrontal and limbic/paralimbic areas
implicated in individual disorders. A community sample of children (7=254, ages 6-10) was used
to to evaluate whether GMV reductions could constitute early neural risk factors. The common
psychopathology factor was associated with reduced GMV in prefrontal areas (dorsal,
orbitofrontal, ventrolateral). The internalizing-specific factor was related to reduced GMV in
limbic/paralimbic areas (hippocampus, amygdala, insula). No significant associations were found
between GMV and the externalizing-specific factor after accounting for common
psychopathology.
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One of the most compelling, ubiquitous ideas in modern psychiatry is that particular brain
areas affect risk to and expression of psychopathology. This predominant hypothesis has
dominated the field for decades, and hundreds of studies have used brain imaging methods,
including measurement of grey matter volume (GMV), to search for unique biomarkers that
singularly characterize specific psychiatric disorders (e.g., First et al., 2012; Insel et al.,
2010). At the same time, however, research in child and adult psychopathology has
overwhelmingly demonstrated that comorbidity of psychiatric disorders, based on modern
DSM nosologies, is a rampant fact (e.g., Kessler et al., 2012).

To understand underlying neural influences linked to psychopathology, scores of studies
have adopted an approach to examine grey matter volume (GMV) in psychiatric disorders
using case control designs that compare putatively discrete pure diagnostic groups to healthy
controls. The core problem with this approach is the overlapping comorbidity of these
psychopathologies and the ensuing possibility that the hypothesis of unique biomarkers and
specific neural signatures associated with a singular psychiatric diagnosis may not be
accurate (e.g., Kapur, Phillips, & Insel, 2012). Given this abundant comorbidity, the typical
research strategy of using pure diagnostic groups compared to normal controls will likely
yield an inaccurate and inconsistent corpus of research. Indeed, most previous research has
not demonstrated a clear, one-to-one specificity between GMV in particular brain regions
and specific psychiatric diagnoses (Goodkind et al., 2015). An alternative approach that
emphasizes latent dimensional psychopathology classification may yield a clearer and more
parsimonious pattern. This paper examines whether GMV in key neural substrates
implicated across psychiatric diagnoses is associated with general and specific latent
psychopathology dimensional liabilities, as organized via modern bifactor models of
psychopathology (i.e., the general psychopathology [p factor], internalizing-specific and
externalizing-specific dimensions; Caspi et al., 2014) in children.

A few joint neural areas may underlie multiple psychiatric disorders. Meta-analyses of
studies comparing adult psychiatric patients to healthy controls generally show reduced
GMV in common areas, including prefrontal cortex and limbic regions, across disorders
including major depression (MDD), bipolar disorder (BD), schizophrenia, and anxiety
disorders (Haijma et al., 2013; Shang et al., 2014; Wise et al., 2016). Prefrontal cortex,
including dorsolateral, ventrolateral and orbitofrontal areas, are part of a cognitive control
network subserving multiple executive function abilities (e.g., flexibility, working memory,
inhibition; e.g., Niendam et al., 2012). Limbic and paralimbic areas are involved in affective
processes, including detecting and responding to affectively salient information (amygdala),
emotional memory (medial temporal lobe [MTL] structures), and visceral/autonomic
functions (anterior insula). Critically, these networks interact, with affective processes
influence cognition and cognitive control processes regulate affective responses, such that
dysfunction in either system may result in psychopathology (e.g., Cole, Repovs, &
Anticevic, 2014).
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Most of these meta-analyses were conducted with the intent to review and summarize
findings showing how GMV loss in particular brain areas are associated with specific
psychiatric disorders. Yet, the fact that multiple disorders show overlapping patterns of
reduced GMV suggests an alternative hypothesis that a few joint neural areas may underlie
risk to and manifestation of multiple psychiatric disorders. This hypothesis is consistent with
a recent meta-analysis showing that only a few common neural substrates, namely the dorsal
anterior cingulate and the insula, were related to multiple, supposedly discrete, psychiatric
disorders in adults, including schizophrenia, bipolar disorder, depression, anxiety disorders,
and substance use disorders (Goodkind et al., 2015). In this meta-anlaysis, the pattern of
common GMV reductions in these regions also was assoiated with poor executive
functioning (EF) in healthy participants, and poor EF has been found to be a transdiagnostic
predictor of multiple psychiatric diagnoses (e.g., for review see Snyder, Miyake, & Hankin,
2015). Taken together, the various meta-analyses showing GMV loss in common areas,
including in prefrontal cortex and limbic regions, across multiple specific disorders along
with the findings from the Goodkind et al. (2015) meta-analysis suggest an intriguing
hypothesis. Specifically, they suggest that the search for one-to-one brain area to diagnosis
mappings may not be successful, given both the pervasive comorbidity across psychiatric
disorders and the well-established organization of the brain into interacting networks.
Rather, there may be fewer and simpler brain-psychopathology associations that reflect links
between wider brain networks and broader psychopathology dimensions.

The meta-analyses discussed above, which provide initial indirect support for this newer,
alternative hypothesis that alterations in a common set of neural substrates underlie multiple
psychiatric disorders, are primarily based on studies that investigated adult psychiatric
patients compared to healthy controls using case control designs. As such, the findings from
the individual studies included in the meta-analyses have particular limitations that the
present study sought to overcome. First, such research in adults cannot determine whether
reduced GMV s (i) evidence of an early developmental marker; (ii) a risk factor for
psychiatric disorder; (iii) a consequence of often long-term psychopathology or (iv) a
possible medication side effect. As such, the meta-analytic findings cannot determine
whether GMV reductions are risk for psychopathology as opposed to a correlate or
consequence of the psychiatric disorder.

Although less research has examined GMV in youth psychopathology, at least some of these
GMV reductions are present during childhood and adolescence when these disorders are first
emerging, suggesting they may reflect atypical neural development. Specifically, there is
evidence for reduced prefrontal GMV in youths with MDD and BD (for review see Serafini
et al., 2014), generalized anxiety disorder (Strawn et al., 2013), post-traumatic stress
disorder (De Bellis et al., 2002), conduct disorder (CD; for meta-analysis see Rogers & De
Brito, 2016) and attention deficit hyperactivity disorder (ADHD; for review see Nakao,
Radua, Rubia, & Mataix-Cols, 2011). Reduced GMV in limbic/paralimbic structures,
including the hippocampus, amygdala, anterior cingulate and insular cortices, have also been
reported in youth with MDD and BD (for review see Serafini et al., 2014), anxiety disorders
(Milham et al., 2005), and CD (for meta-analysis see Rogers & De Brito, 2016). However,
areas of GMV reduction have not been consistent across studies within disorders, potentially
due to small sample sizes and differing comorbidity across studies.

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.
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Critically, such past research with adults and youth have used case-control designs. Due to
ubiquitous comorbidity, such designs do not allow the GMV differences related to common,
general psychopathology to be differentiated from links specific to particular types of
psychopathology. To accurately examine the hypothesis that there are shared neural
substrates associated with broad latent psychopathology liability, we used a recent latent,
dimensional bifactor model of psychopathology that has been supported in children,
adolescents, and adults, across a variety of measures and methods, and predicts important
outcomes, including in school, employment, social service usage, and criminal activity (e.g.,
Caspi et al., 2014; Laceulle, Vollebergh, & Ormel, 2015; Lahey, Applegate, et al., 2012a;
Lahey et al., 2015; Murray, Eisner, & Ribeaud, 2016; Patalay et al., 2015; Snyder, Young, &
Hankin, 2016).

Specifically, these studies all find a general latent factor that represents the liability to
experience common, co-occuring symptoms (i.e., the p factor, Caspi et al., 2014) as well as
internalizing-specific and externaling-specific dimensions that are independent of the
general p factor. The p factor characterizes, in a single latent variable, the co-occurrence that
is common across all measured psychopathology symptoms. After statistically accounting
for common psychopathology variance via the p factor, the covariance that remains is
captured and organized by independent internalizing- and externalizing-specific latent
factors. Thus, using this latent psychopathology model, in this study we can directly
examine the hypothesis that a few shared neural substrates are transdiagnostically associated
with the p factor, which represents the general liability to experience broad, co-occurring
emotional and behavioral problems, and other shared neural substrates may relate to the
independent latent liabilities to internalizing and externalizing dimensions.

We examined whether GMV reductions could constitute early emerging neural risk factors
or correlates of broad psychopathology dimensions. Specifically, we examined links
between latent p factor, internalizing-specific and externalizing-specific factors and GMV in
a community sample of children, focusing on prefrontal and limbic/paralimbic areas most
frequently identified in GMV studies of individual disorders, and linked to executive
function and affective processes hypothesized as transdiagnostic risks for development of
psychopathology (e.g., Cole et al., 2014). Investigating links between latent
psychopathology factors and GMV during middle childhood, when neurodevelopmental
processes are rapidly unfolding and many forms of psychopathology have their origins (e.g.,
Copeland, Wolke, Shanahan, & Costello, 2015; Miettunen et al., 2014), represents a
critically important step to understanding early neural risk for the development of
psychopathology dimensions.

Participants were a diverse community sample of 254 children (average age 7.9 years, range
6.09-10.95 years, 46% female) and their mothers, recruited from hospital birth records in
the Los Angeles metro area. See Table 1 for additional demographic information.
Participants had normal neurologic findings based on review by a neuroradiologist. All
children were typically developing and in the appropriate grade for their age. Levels of

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.
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psychopathology in the sample were generally consistent with population norms. Rates of
clinically elevated symptoms on the Child Behavior Checklist (CBCL) DSM-oriented scales
ranged from 4% for affective problems and ADHD to 9% for anxiety, in line with large scale
epidemiological studies of youth (e.g., Polanczyk, Salum, Sugaya, Caye, & Rohde, 2015),
and mean levels of symptoms were similar to pooled estimates across studies using the
CBCL (e.g., Rescorla et al., 2007).

Participating families competed a laboratory visit in which mothers completed questionnaire
measures about their child. Imaging data was acquired at a second visit on average 2.5
months later (SD=4.8 months). Families were compensated for their participation and travel
costs. The study was approved by the Institutional Review Board and parents provided
informed consent.

Psychopathology Questionnaires

Child Behavior Checklist (CBCL, Achenbach & Rescorla, 2001)—Child
psychopathology was measured using the parent report form (CBCL) from the Achenbach
System of Empirically Based Assessment. The CBCL is a widely used measure of youth
mental health and behavioral problems, and demonstrates good test-retest reliability, and
discriminant, convergent and predictive validity with other measures of psychopathology
(e.g., Achenbach & Rescorla, 2001). See Table 1 for descriptive statistics and internal
consistencies in the current study sample.

The CBCL contains items representing a broad scope of behaviors. Responses were made by
mothers on a 3- point Likert scale ranging from 0 (not true) to 2 (very true). The following
empirically-based subscales were included: Aggressive Behavior (18 items, e.g., “Gets in
many fights”, “Cruelty, bullying or meanness to others”), Anxious/Depressed (13 items, e.g.,
“Worries”, “Cries a lot”), Attention Problems (10 items, e.g., “Can’t concentrate, can’t pay
attention for long”, “Can’t sit still, restless or hyperactive”), Rule-Breaking Behavior (17
items, e.g., “Breaks rules and home, school or elsewhere” “Doesn’t seem to feel guilty after
misbehaving”), Thought Problems (15 items, e.g. “Can’t get his/her mind of certain
thoughts/obsessions”, “Strange behaviors™), Somatic Complaints (11 items, e.g.,
“Stomaches”, “Headaches”), Social Problems (11 items, e.g., “Doesn’t get along with other
kids”, “Complains of loneliness™), and Withdrawn/Depressed (8 items, e.g., “There is very
little he/she enjoys™, “Unhappy, sad or depressed”).

In the CBCL scoring system, the Anxious/Depressed, Withdrawn/Depressed and Somatic
Complaints subscales are classed as assessing an internalizing dimension, the Aggressive
Behavior and Rule-Breaking Behavior as assessing an externalizing dimension, and the
remaining subscales (Attention, Social and Thought problems) are not assigned to either the
internalizing or externalizing scales but are included in the total problem measure.

Children’s Behavior Questionnaire (CBQ, Rothbart, Ahadi, Hershey, & Fisher,
2001)—To increase coverage of child psychopathology symptoms not fully covered in the
CBCL and increase the number of indicators for latent variable modeling, two subscales
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from CBQ were also included: Anger/Frustration (13 items, e.g., “Easily gets irritated when
he/she has trouble with some task”, “Gets mad when provoked by other children”) and Fear
(12 items, e.g., “Is afraid of the dark”, “Is afraid of loud noises”). The CBQ is widely used
in research with children, and has good test-retest and inter-rater reliability and convergent
validity (e.g., Rothbart et al., 2001). Responses were made by mothers on a 7-point Likert
scale ranging from 1 (extremely untrue of your child) to 7 (extremely true of your child).
See Table 1 for descriptive statistics and internal consistencies in the current study sample.

MRI Methods

MR Acquisition: MRI scans were acquired on a 3 T Philips Achieva system. A high
resolution T1 weighted anatomical scan was acquired using a 3D MPRAGE pulse sequence
that covered the whole brain. The images were acquired in the sagittal orientation with FOV
=240 x 240 mm2, 1 mma3 isotropic voxel dimensions, 150 slices, TR = 11 ms, TE=3.3 ms,
inversion pulse delay=1100 ms and flip angle=18°. No signal averaging and no SENSE
acceleration were used. The images were reviewed by the MR operator immediately after
the scan was completed. If there were visible signs of motion artifacts the scan was repeated.

Image Processing: Cortical surface reconstruction and volumetric segmentation was
performed with FreeSurfer (http://surfer.nmr.mgh.harvard.edu/). Intensity normalization was
applied prior to segmentation to minimize errors in identifying the boundaries (Sled,
Zijdenbos, & Evans, 1998), followed by removal of non-brain tissues (Ségonne et al., 2004).
Images were transformed into the Talairach space and subcortical structures segmented
(Fischl et al., 2002; 2004). Pial and white matter surfaces were located by finding the highest
intensity gradient (Fischl & Dale, 2000). Surface inflation was applied to each individual
brain (Fischl, Sereno, & Dale, 1999a) and the inflated brains registered to a spherical atlas
using individual cortical folding patterns to achieve accurate registration of cortical
geometry (Fischl, Sereno, Tootell, & Dale, 1999b). The cortical surface images were
visually inspected for segmentation errors and corrected as needed.

Statistical Analyses

Structural equation modeling was conducted in Mplus (L. K. Muthén & Muthén, 2012)
using full information maximum likelihood (FIML) estimation to handle missing data.

Latent Psychopathology Model—A confirmatory factor analysis (CFA) of the
psychopathology measures was conducted based on previous p factor models in youth (e.g.,
Laceulle et al., 2015; Snyder et al., 2016) and the established structure of the CBCL
(Achenbach & Rescorla, 2001). Specifically, we followed the standard scoring of the CBCL
into internalizing (Anxious/Depressed, Withdrawn/Depressed and Somatic Complaints),
externalizing (Rule Breaking Behavior, Aggressive Behavior) and other (Social Problems,
Thought Problems, Attention Problems) subscales (Achenbach & Rescorla, 2001). The CBQ
Fear and Anger/Frustration subscales were included as additional internalizing and
externalizing measures respectively. All measures were loaded onto the p factor.
Internalizing measures were additionally loaded onto an internalizing-specific factor and
externalizing measures onto an externalizing-specific factor, capturing unique variance not
accounted for by the p factor. Factors were constrained not to correlate because what is

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.
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shared between factors is already captured by the common factor (e.g., Chen, Hayes, Carver,
Laurenceau, & Zhang, 2012). Modification indices were inspected and residual correlations
added between the Thought Problems subscale and the Somatic Complaints, Anxious/
Depressed and Social Problems subscales to improve model fit.

Regional ROI regression analyses—As a theory-based method of data reduction, we
first examined larger anatomical region of interest. The GMV of FreeSurfer defined ROIs
within each anatomical area were summed to calculate total GMV for the following larger
anatomical regional ROIs: (1) dorsal PFC (DPFC: superior frontal [SFG], rostral and caudal
middle frontal gyri [MFG]); (2) ventrolateral PFC (VLPFC: inferior frontal gyri [IFG] pars
opercularis, triangularis, and orbitalis) (3) orbitofrontal (lateral and medial OFC); (4)
anterior cingulate (rostral and caudal ACC); (5) insula (left and right); (6) amygdala (left and
right); and (7) medial temporal lobe (MTL: hippocampi, parahippocampal gyri and
entorhinal corteces). In addition, occipital areas (pericalcerine, cuneus, and lateral occipital
cortices), were included as a discriminant validity region, to test the specificity of results to
hypothesized prefrontal and limbic areas. Regression analyses were conducted predicting
regional ROl GMV with the p factor, internalizing-specific factor and externalizing-specific
factor, controlling for age and gender. Additional analyses checked for interactions between
each psychopathology factor and age or gender in predicting each brain volume factor.

Follow-up Regression Analyses—To determine which specific anatomical areas within
each regional brain volume were associated with the latent psychopathology factors, for
regional ROIs predicted by each psychopathology factor, we ran follow-up regressions
predicting each standard FreeSurfer anatomical ROl within that region, controlling for age
and gender. False discovery rate (FDR) correction was used to correct for multiple
comparisons across all the follow-up regressions.

Confirmatory Factor Analyses

The p factor measurement model was first tested to ensure it fit the data well. The model
achieved good fit (CFI = .99, TLI=.99, RMSEA=.044, SRMR=.026), and all indicators
loaded significantly on their specified factors (Table 1, Supplemental Materials Table S2).

Regional ROl Regression Analyses (Table 2, Figure 1)

Regression analyses were conducted predicting the regional ROIs with the p factor,
internalizing-specific factor and externalizing-specific factor, controlling for age and gender;
handedness was not a significant predictor and did not affect results in any analysis, so was
dropped from inclusion in the model. Higher levels of common psychopathology were
associated with smaller volumes in dorsal PFC (f = —0.16), ventrolateral PFC (f = —0.15)
and orbitofrontal cortex (§ = —0.19). The p factor did not significantly predict any of the
limbic/paralimbic factors, nor the occipital control factor. Higher levels of the internalizing-
specific factor were significantly associated with smaller volumes for the medial temporal
lobe (B =-0.24), amygdala (B =-0.25), and insula (p = —0.35). The internalizing-specific
factor did not significantly predict prefrontal volumes or the occipital control region. The
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externalizing-specific factor did not significantly predict any brain volume factor. None of
the significant relations between psychopathology and regional ROIs was moderated either
by age or gender (ps = .2). Alternative analyses using regional brain volume factors rather
than manifest regional ROIs, produced nearly identical results (Supplmental Materials
Tables S3-S5).

Individual ROI Follow-up Regressions (Table 3)

Within the dorsal PFC, the p factor significantly predicted the volume of the left and right
superior frontal gyri and rostral middle frontal gyri; all but the right superior frontal gyrus
remained significant with FDR correction. Within the ventrolateral PFC, the p factor
significantly predicted the volume of the right inferior frontal gyrus pars orbitalis
(significant with FDR correction) and left inferior frontal gyrus pars triangularis (significant
uncorrected). Within the orbitofrontal cortex, the p factor significantly predicted all ROIs—
left and right lateral and medial orbitofrontal cortex—and these associations remained
significant with FDR correction. The internalizing-specific factor significantly predicted the
left and right amygdalas, hippocampi, and insulas; all but the left amygdala remained
significant with FDR correction.

Exploratory Whole Brain Analysis (Supplmentary Materials, Tables S8-S9, Figure S1)

To explore whether areas not included in the ROI analysis might be associated with the
latent psychopathology factors, whole brain analysis was conducted correlating volume
across the cortex with p factor, internalizing-specific and externalizing-specific factor scores.
See Supplementary Materials for methods and detailed results. Cortical volume was
significantly negatively correlated with p factor scores in multiple prefrontal areas as well as
the right posterior cingulate cortex, right parahippocampal gyrus, and bilateral entorhinal
cortex and temporal pole (Table S8). Few areas were significantly correlated with the
internalizing or externalizing-specific factor scores in the whole-brain analysis.

Alternative internalizing and externalizing factor model

A traditional two factor internalizing-externalizing model (with no p factor) was created
followed the standard scoring of the CBCL into internalizing (Anxious/Depressed,
Withdrawn/Depressed and Somatic Complaints) and externalizing (Rule Breaking Behavior,
Aggressive Behavior). The CBQ Fear and Anger/Frustration subscales were included as
additional internalizing and externalizing measures respectively. The CBCL subscales not
scored as part of the internalizing or externalizing subscales were not included in this model.
The model achieved good to adequate fit (CFI = .98, TLI=.97, RMSEA=.058, SRMR=.035),
and all indicators loaded significantly on their specified factors (Table S6). The internalizing
and externalizing factors were strongly positively correlated with one another (7= .69).

Controlling for age and gender, the internalizing factor was associated with lower GMV in
DPFC, VLPFC, OFC, MTL, amygdala and insula, and all of these effects except OFC
remained significant controlling for the externalizing factor (Table S7). Controlling for age
and gender, the externalizing factor was associated with lower GMV in the DPFC, OFC and
MTL (Table S7). However, controlling for the internalizing factor, the externalizing factor
did not significantly predict GMV in any region.

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.
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Discussion

The current study used an empirically based latent bifactor structure that optimally organizes
psychopathology in a sample of children to examine links between latent common
psychopathology (p factor), internalizing-specific and externalizing-factors and GMV for the
first time, during a critical developmental period for both brain development and risk for
early emerging psychopathology. Hundreds of studies have found smaller GMV in various
brain regions to be associated with many psychiatric disorders. Often the smaller GMV is
observed in prefrontal areas important for executive function, and in limbic/paralimbic areas
important for affective processes (Haijma et al., 2013; Rogers & De Brito, 2016; Serafini et
al., 2014; Shang et al., 2014; Wise et al., 2016). However, rampant comorbidity among
DSM-based disorders makes it nearly impossible to cleanly interpret and synthesize these
past results.

This point is reinforced and illustrated by the analysis in the current study of internalizing
and externalizing factors considered separately, without taking comorbidity between them
into account. In these analyses, there appears to be a diffuse, non-specific pattern of
associations with GMV, with lower volumes in DPFC, OFC and MTL associated with both
dimensions of psychopathology. This is consistent with overlapping findings in previous
research considering individual disorders or symptom dimensions. Because internalizing and
externalizing dimensions are highly correlated (and frequently comorbid at the diagnostic
category level), associations with each factor individually could be driven by what is specific
to that factor, by comorbidity with the other factor, and/or by common psychopathology. The
p factor model greatly clarifies these results, revealing a much simpler and conceptually
clearer pattern of relations between GMV and vulneralibility to pscychopathology. Smaller
GMV in prefrontal areas was associated with latent common psychopathology, and smaller
GMV in limbic/paralimbic brain areas with internalizing-specific psychopathology.
Importantly, there were no associations between the psychopathology factors and GMV in
occipital cortex, which served as a discriminant validity region not hypothesized to be
related to psychopathology. Thus, our results showed clear brain system specific relations
with psychopathology.

First, what is common across multiple forms of psychopathology (the p factor) was
associated with reduced prefrontal GMV, including areas of DPFC, VLPFC, and OFC,
providing direct evidence linking the p factor to PFC areas critical for executive function,
consistent with recent evidence linking the p factor to executive function task performance
(Castellanos-Ryan et al., 2016; Martel et al., 2017). Importantly, these results also clarify
earlier findings demonstrating smaller prefrontal GMV across many different psychiatric
disorders, including depression, anxiety, ADHD, and psychosis, suggesting these
associations may be driven by what is shared across disorders rather than disorder-specific
factors. Moreover, these associations are present early in development in a typically-
developing sample, suggesting that smaller GMV in these prefrontal areas may constitute an
early risk factor for general liability to psychopathology.

Second, the internalizing-specific factor was associated with smaller GMV in limbic/
paralimbic areas, including the insular cortices, amygdalas and hippocampi bilaterally.
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These results confirm previous findings linking these regions to individual mood and anxiety
disorders in youths (Serafini et al., 2014). Importantly, because the bifactor model organizes
common variance shared across all symptom measures into the p factor, which is
independent from specific internalizing symptom variance, we can be confident that these
findings of smaller GMV in limbic areas are truly associated with specific internalizing
symptoms that are not shared with general, comorbid psychopathology, clarifying these
previous findings. The ACC was the only limbic/paralimbic area not significantly associated
with the internalizing-specific factor (although there was a trend level association). Since
previous evidence of reduced ACC volume associated with psychopathology has been
largely from adult samples (e.g., Goodkind et al., 2015), it is possible that ACC volume
reductions may occur as a result of psychpathology, rather than being a risk factor for
psychopathology, and are thus not present earlier in development.

Third, an externalizing factor, considered alone, was associated with reduced GMV in
DPFC, OFC and MTL, consistent with past research with conduct and antisocial behavior
problems which found GMV reductions in some prefrontal and limbic areas (Aoki,
Inokuchi, & Nakao, 2013; Rogers & De Brito, 2016). Critically however, once common
psychopathology was accounted for via the p factor, what is specific to externalizing was not
associated with reduced GMV in any tested brain region. Thus, these associatons are not
specific to externalizing, but rather are driven by common psychopathology, as captured by
the p factor (DPFC and OFC), or comorbidity with internalizing psychopathology (MTL).
Externalizing problems are characterized predominantly by deficits in executive functioning,
poor self control, and disinhibition (Beauchaine & McNulty, 2013), processes largely
instantiated via prefrontal areas. One explanation is that poor executive functioning and low
self control may be transdiagnostic factors that confer risk to multiple forms of
psychopathology (Beauchaine & Thayer, 2015; Snyder et al., 2015), including externalizing
problems. Thus, these findings do not contradict prior fincings linking externalizing
problems to GMV in prefrontal regions. Rather, these data suggest that GMV reductions
associated with individual externalizing problems may be accounted for by common
psychopathology variance, because prefrontal areas are salient for general psychopathology
(in this study) and DSM-based diagnoses of externalizing problems (in past studies of
singular conduct and antisocial disorders).

Several aspects of this study provide novel insights on associations between brain anatomy
and psychopathology. First, we directly tested links between brain anatomy and latent
psychopathology dimensions, rather than individual DSM-based psychiatric disorders.
Latent dimensional models help to account for comorbidity and capture underlying
dimensions that better represent the structure of psychopathology (e.g., Eaton et al., 2013).
Second, findings advance understanding of how brain structure and psychopathology are
related early in development. Many prevalent forms of psychopathology begin in childhood
and adolescence (e.g., Merikangas et al., 2010). During middle childhood, prefrontal and
limbic regions undergo rapid development (e.g., Muftuler et al., 2011), and individual
variability in brain systems predicts some subsequent psychopathology (e.g., Green, Goff, &
Gee, 2016). Our findings suggests that GMV reductions may reflect atypical neural
development, consistent with a neurodevelopmental risk model, rather than a consequence of
long-term psychopathology. However, since there are no previous studies examining links

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Snyder et al.

Page 11

between latent psychopathology factors and GMV at any age (previous studies have all used
diagnostic categories or individual manifest symptom measures), it is currently impossible to
directly compare effect sizes across ages. The current study is cross-sectional, so future
cross-age comparisons and longitudinal research is needed to determine if brain structural
differences are differentially associated with psychopathology at different points in
development, and if they precede, and thus may constitute a risk factor for, the development
of psychopathology.

Future research is also needed to identify the specific neural mechanisms involved.
Associations of psychopathology with reduced GMV during childhood could reflect any
combination of reduced neurogenesis, reduced synaptic proliferation, accelerated synaptic
pruning, and/or loss of cells (e.g., Sandman, Glynn, & Davis, 2016; Stiles & Jernigan,
2010). For example, during typical development in the age range of the current study (6-10
years), synaptic pruning causes grey matter decreases in many brain regions (e.g., Gogtay &
Thompson, 2010; Muftuler et al., 2011), and childhood depression has recently been found
to be associated with an accelerated reduction in grey matter during this period (Luby et al.,
2016). Thus, it will be important to understand how early emerging latent psychopathology
dimensions are potentially related to different trajectories of this developmental process. In
addition, while the current study focused on prefrontal and limibic areas, other areas,
including the striatum, are of potential interest and may be especially implicated in
particular disorders (e.g., ADHD, OCD). These additional areas will be important to
investigate further in youth (e.g., with studies optimized for high-resolution imaging of
subcortical structures).

Finally, future research is needed to investigate how GMV-latent psychopathology links may
be similar or different across populations. The current study used an unselected, general
community sample of children to capture the full range of psychopathology symptom levels
dimensionally. GMV reduction patterns might be different in selected high-risk or treatment-
seeking samples. In addition, while age did not moderate the findings within the 6-10 year
old age range of the current study, associations between GMV and psychopathology are
likely to change over longer developmental periods, as the neural processes described above
unfold and psychopathology also undergoes developmental change. Thus, research is needed
to compare findings from different periods of childhood, adolescence and adulthood.

In summary our findings reveal an elegant organization of brain areas related to
psychopathology. General psychopathology was associated with reduced GMV in prefrontal
areas essential for executive function and internalizing-specific psychopathology was related
to reduced GMV in limbic/paralimbic areas implicated in affective processes. Results
suggest that using modern, latent dimensional models of psychopathology has the potential
to clarify previous findings and shed new light on a few core neural substrates that may
affect early emerging risk to psychopathology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Snyder et al. Page 12

Acknowledgments

This research was supported by the National Instiute of Mental Health and National Institute of Child Health and
Human Development: ROIMH077195, R0OIMH105501, and R21MH102210 to B.L. Hankin; RO1 HD050662 to
E.P. Davis; R0O1HD051852 to C.A. Sandman; and P50MH096889 to E.P. Davis and C.A. Sandman. The content is
solely the responsibility of the authors and does not necessarily represent the official views of the funders.

References

Achenbach, TM., Rescorla, L. Manual for the ASEBA School-Age Forms and Profiles. Burlington,
VT: University of Vermont, Research Center for Children, Youth, & Families; 2001.

Aoki Y, Inokuchi R, Nakao T. Neural bases of antisocial behavior: A voxel-based meta-analysis. Social
Cognitive and Affective Neuroscience. 2013; 9:1223-1231. http://doi.org/10.1093/scan/nst104.
[PubMed: 23926170]

Baskin-Sommers AR, Neumann CS, Cope LM, Kiehl KA. Latent-variable modeling of brain gray-
matter volume and psychopathy in incarcerated offenders. Journal of Abnormal Psychology. 2016;
125:811-817. http://doi.org/10.1037/abn0000175. [PubMed: 27269123]

Beauchaine TP, McNulty T. Comorbidities and continuities as ontogenic processes: Toward a
developmental spectrum model of externalizing psychopathology. Development and
Psychopathology. 2013; 25:1505-1528. http://doi.org/10.1017/S0954579413000746. [PubMed:
24342853]

Beauchaine TP, Thayer JF. Heart rate variability as a transdiagnostic biomarker of psychopathology.
International Journal of Psychophysiology. 2015; 98:338-350. http://doi.org/10.1016/j.ijpsycho.
2015.08.004. [PubMed: 26272488]

Caspi A, Houts RM, Belsky DW, Goldman-Mellor SJ, Harrington H, Moffitt TE. The p factor: One
general psychopathology factor in the structure of psychiatric disorders? Clinical Psychological
Science. 2014; 2:119-137. http://doi.org/10.1177/2167702613497473. [PubMed: 25360393]

Castellanos-Ryan N, Briére FN, O’Leary-Barrett M, Banaschewski T, Bokde A, Bromberg U, Conrod
P. The structure of psychopathology in adolescence and its common personality and cognitive
correlates. Journal of Abnormal Psychology. 2016; 12:1039-1052. http://doi.org/10.1037/
abn0000193.

Chen FF, Hayes A, Carver CS, Laurenceau J-P, Zhang Z. Modeling general and specific variance in
multifaceted constructs: A comparison of the bifactor model to other approaches. Journal of
Personality. 2012; 80:219-251. http://doi.org/10.1111/j.1467-6494.2011.00739.x. [PubMed:
22092195]

Cole MW, Repov G, Anticevic A. The frontoparietal control system: A central role in mental health.
The Neuroscientist. 2014; 20:652—664. http://doi.org/10.1177/1073858414525995. [PubMed:
24622818]

Copeland WE, Wolke D, Shanahan L, Costello EJ. Adult functional outcomes of common childhood
psychiatric problems: A prospective, longitudinal study. JAMA Psychiatry. 2015; 72:892-899.
http://doi.org/10.1001/jamapsychiatry.2015.0730. [PubMed: 26176785]

De Bellis MD, Keshavan MS, Shifflett H, lyengar S, Beers SR, Hall J, Moritz G. Brain structures in
pediatric maltreatment-related posttraumatic stress disorder: A sociodemographically matched
study. Biological Psychiatry. 2002; 52:1066-1078. http://doi.org/10.1016/S0006-3223(02)01459-2.
[PubMed: 12460690]

Eaton NR, Krueger RF, Markon KE, Keyes KM, Skodol AE, Grant BF. The structure and predictive
validity of the internalizing disorders. Journal of Abnormal Psychology. 2013; 122:86-92. http://
doi.org/10.1037/a0029598. [PubMed: 22905862]

First, MB., Botteron, K., Carter, CS., Castellanos, FX., Dickstein, DP., Zubieta, J-K. Consensus report
of the APA work group on neuroimaging markers of psychiatric disorders. American Psychiatric
Association; Arlington, VA: 2012.

Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from magnetic resonance
images. Proceedings of the National Academy of Sciences of the United States of America. 2000;
97:11050-11055. http://doi.org/10.1073/pnas.200033797. [PubMed: 10984517]

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.


http://doi.org/10.1093/scan/nst104
http://doi.org/10.1037/abn0000175
http://doi.org/10.1017/S0954579413000746
http://doi.org/10.1016/j.ijpsycho.2015.08.004
http://doi.org/10.1016/j.ijpsycho.2015.08.004
http://doi.org/10.1177/2167702613497473
http://doi.org/10.1037/abn0000193
http://doi.org/10.1037/abn0000193
http://doi.org/10.1111/j.1467-6494.2011.00739.x
http://doi.org/10.1177/1073858414525995
http://doi.org/10.1001/jamapsychiatry.2015.0730
http://doi.org/10.1016/S0006-3223(02
http://doi.org/10.1037/a0029598
http://doi.org/10.1037/a0029598
http://doi.org/10.1073/pnas.200033797

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Snyder et al.

Page 13

Fischl B, Salat DH, Busa E, Albert M, Dieterich M, Dale AD. Whole brain segmentation: Automated
labeling of neuroanatomical structures in the human brain. Neuron. 2002; 33:341-355. http://
doi.org/http://dx.doi.org/10.1016/S0896-6273(02)00569-X. [PubMed: 11832223]

Fischl B, Salat DH, van der Kouwe AJW, Makris N, Ségonne F, Quinn BT, Dale AM. Sequence-
independent segmentation of magnetic resonance images. Neurolmage. 2004; 23:569-S84. http://
doi.org/http://dx.doi.org/10.1016/j.neuroimage.2004.07.016. [PubMed: 15501102]

Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis. Neurolmage. 1999a; 9:195-207.
http://doi.org/10.1006/nimg.1998.0396. [PubMed: 9931269]

Fischl B, Sereno MI, Tootell RBH, Dale AM. High-resolution intersubject averaging and a coordinate
system for the cortical surface. Human Brain Mapping. 1999b; 8:272-284. http://doi.org/10.1002/
(SICI)1097-0193(1999)8:4<272::AID-HBM10>3.0.CO;2-4. [PubMed: 10619420]

Gogtay N, Thompson PM. Mapping gray matter development: Implications for typical development
and vulnerability to psychopathology. Brain and Cognition. 2010; 72:6-15. http://doi.org/10.1016/
J.bandc.2009.08.009. [PubMed: 19796863]

Goodkind M, Eickhoff SB, Oathes DJ, Jiang Y, Chang A, Etkin A. Identification of a common
neurobiological substrate for mental illness. JAMA Psychiatry. 2015; 72:305-315. http://doi.org/
10.1001/jamapsychiatry.2014.2206. [PubMed: 25651064]

Green SA, Goff B, Gee DG. Discrimination of amygdala response predicts future separation anxiety in
youth with early deprivation. Journal of Child Psychology and Psychiatry. 2016; 57:1135-1144.
http://doi.org/10.1111/jcpp.12578. [PubMed: 27260337]

Haijma SV, Van Haren N, Cahn W, Koolschijn PCMP, Hulshoff Pol HE, Kahn RS. Brain volumes in
schizophrenia: A meta-analysis in over 18,000 subjects. Schizophrenia Bulletin. 2013; 39:1129-
1138. http://doi.org/10.1093/schbul/shs118. [PubMed: 23042112]

Hankin BL, Snyder HR, Gulley LD, Schweizer TH, Bijttebier P, Vasey MW. Understanding
comorbidity among internalizing problems: Integrating latent structural models of
psychopathology and risk mechanisms. Development and Psychopathology. 2016 In Press.

Insel TR, Cuthbert BN, Garvey MA, Heinssen RK, Pine DS, Wang P. Research domain criteria
(RDoC): Toward a new classification framework for research on mental disorders. American
Journal of Psychiatry. 2026; 167:748-751. http://doi.org/10.1176/appi.ajp.2010.09091379.

Kapur S, Phillips AG, Insel TR. Why has it taken so long for biological psychiatry to develop clinical
tests and what to do about it? Molecular Psychiatry. 2012; 17:1174-1179. http://doi.org/
10.1038/mp.2012.105. [PubMed: 22869033]

Kessler RC, Avenevoli S, McLaughlin KA, Green JG, Lakoma MD, Petukhova M, et al. Lifetime co-
morbidity of DSM-IV disorders in the US National Comorbidity Survey Replication Adolescent
Supplement (NCS-A). Psychological Medicine. 2012; 42:1997-2010. http://doi.org/10.1017/
S0033291712000025. [PubMed: 22273480]

Laceulle OM, Vollebergh WAM, Ormel J. The structure of psychopathology in adolescence:
Replication of a general psychopathology factor in the TRAILS Study. Clinical Psychological
Science. 2015; 3:850-860. http://doi.org/10.1177/2167702614560750.

Lahey BB, Applegate B, Hakes JK, Zald DH, Hariri AR, Rathouz PJ. Is there a general factor of
prevalent psychopathology during adulthood? Journal of Abnormal Psychology. 2012a; 121:971—
977. http://doi.org/10.1037/a0028355. [PubMed: 22845652]

Lahey BB, McNealy K, Knodt A, Zald DH, Sporns O, Hariri AR. Using confirmatory factor analysis
to measure contemporaneous activation of defined neuronal networks in functional magnetic
resonance imaging. Neurolmage. 2012b; 60:1982-1991. http://doi.org/doi:10.1016/j.neuroimage.
2012.02.002. [PubMed: 22348884]

Lahey BB, Rathouz PJ, Keenan K, Stepp SD, Loeber R, Hipwell AE. Criterion validity of the general
factor of psychopathology in a prospective study of girls. Journal of Child Psychology and
Psychiatry, and Allied Disciplines. 2015; 56:415-422. http://doi.org/10.1111/jcpp.12300.

Luby JL, Belden AC, Jackson JJ, Lessov-Schlaggar CN, Harms MP, Barch DM. Early childhood
depression and alterations in the trajectory of gray matter maturation in middle childhood and
early adolescence. JAMA Psychiatry. 2016; 73:31-38. http://doi.org/10.1001/jamapsychiatry.
2015.2356. [PubMed: 26676835]

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.


http://doi.org/http://dx.doi.org/10.1016/S0896-6273(02)00569-X
http://doi.org/http://dx.doi.org/10.1016/S0896-6273(02)00569-X
http://doi.org/http://dx.doi.org/10.1016/j.neuroimage.2004.07.016
http://doi.org/http://dx.doi.org/10.1016/j.neuroimage.2004.07.016
http://doi.org/10.1006/nimg.1998.0396
http://doi.org/10.1002/(SICI)1097-0193(1999)8:4<272∷AID-HBM10>3.0.CO;2-4
http://doi.org/10.1002/(SICI)1097-0193(1999)8:4<272∷AID-HBM10>3.0.CO;2-4
http://doi.org/10.1016/j.bandc.2009.08.009
http://doi.org/10.1016/j.bandc.2009.08.009
http://doi.org/10.1001/jamapsychiatry.2014.2206
http://doi.org/10.1001/jamapsychiatry.2014.2206
http://doi.org/10.1111/jcpp.12578
http://doi.org/10.1093/schbul/sbs118
http://doi.org/10.1176/appi.ajp.2010.09091379
http://doi.org/10.1038/mp.2012.105
http://doi.org/10.1038/mp.2012.105
http://doi.org/10.1017/S0033291712000025
http://doi.org/10.1017/S0033291712000025
http://doi.org/10.1177/2167702614560750
http://doi.org/10.1037/a0028355
http://doi.org/doi:10.1016/j.neuroimage.2012.02.002
http://doi.org/doi:10.1016/j.neuroimage.2012.02.002
http://doi.org/10.1111/jcpp.12300
http://doi.org/10.1001/jamapsychiatry.2015.2356
http://doi.org/10.1001/jamapsychiatry.2015.2356

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Snyder et al.

Page 14

Martel MM, Pan PM, Hoffmann MS, Gadelha A, do Rosario MC, Mari JJ, Giovanni A. A general
psychopathology factor (P factor) in children: Structural model analysis and external validation
through familial risk and child global executive function. Journal of Abnormal Psychology. 2026;
126:137-148. http://doi.org/10.1037/abn0000205.

Merikangas KR, He J-P, Burstein M, Swanson SA, Avenevoli S, Sendsen J. Lifetime prevalence of
mental disorders in U.S. adolescents: results from the National Comorbidity Survey Replication—
Adolescent Supplement (NCS-A). Journal of the American Academy of Child and Adolescent
Psychiatry. 2010; 49:980-989. http://doi.org/10.1016/j.jaac.2010.05.017. [PubMed: 20855043]

Merikangas KR, Nakamura EF, Kessler RC. Epidemiology of mental disorders in children and
adolescents. Dialogues in Clinical Neuroscience. 2009; 11:7-20. [PubMed: 19432384]

Miettunen J, Murray GK, Jones PB, Mé&ki P, Ebeling H, Moilanen I. Longitudinal associations between
childhood and adulthood externalizing and internalizing psychopathology and adolescent
substance use. Psychological Medicine. 2014; 44:1727-1738. http://doi.org/10.1017/
S0033291713002328. [PubMed: 24028974]

Milham MP, Nugent AC, Drevets WC, Dickstein DP, Leibenluft E, Pine DS. Selective reduction in
amygdala volume in pediatric anxiety disorders: A voxel-based morphometry investigation.
Biological Psychiatry. 2005; 57:961-966. http://doi.org/10.1016/j.biopsych.2005.01.038.
[PubMed: 15860335]

Muftuler LT, Davis EP, Buss C, Head K, Hasso AN, Sandman CA. Cortical and subcortical changes in
typically developing preadolescent children. Brain Research. 2011; 1399:15-24. http://doi.org/
10.1016/j.brainres.2011.05.018. [PubMed: 21640983]

Murray AL, Eisner M, Ribeaud D. The development of the general factor of psychopathology “p
factor” through childhood and adolescence. Journal of Abnormal Child Psychology. 2016;
44:1573-1586. http://doi.org/10.1007/s10802-016-0132-1. [PubMed: 26846993]

Muthén, LK., Muthén, BO. Mplus User’s Guide. 7. Los Angeles, CA: Muthén & Muthén; 2012.

Nakao T, Radua J, Rubia K, Mataix-Cols D. Gray matter volume abnormalities in adhd: Voxel-based
meta-analysis exploring the effects of age and stimulant medication. American Journal of
Psychiatry. 2011; 168:1154-1163. http://doi.org/10.1176/appi.ajp.2011.11020281. [PubMed:
21865529]

Patalay P, Fonagy P, Deighton J, Belsky J, Vostanis P, Wolpert M. A general psychopathology factor in
early adolescence. British Journal of Psychiatry. 2015; 207:15-22. http://doi.org/10.1192/bjp.bp.
114.149591. [PubMed: 25906794]

Rescorla L, Achenbach T, Ivanova MY, Dumenci L, Almqvist F, Verhulst F. Behavioral and emotional
problems reported by parents of children ages 6 to 16 in 31 societies. Journal of Emotional and
Behavioral Disorders. 2026; 15:130-142. http://doi.org/10.1177/10634266070150030101.

Rogers JC, De Brito SA. Cortical and subcortical gray matter volume in youths with conduct
problems. JAMA Psychiatry. 2016; 73:64—72. http://doi.org/10.1001/jamapsychiatry.2015.2423.
[PubMed: 26650724]

Rothbart MK, Ahadi SA, Hershey KL, Fisher P. Investigations of temperament at three to seven years:
The Children’s Behavior Questionnaire. Child Development. 2001; 72:1394-1408. [PubMed:
11699677]

Sandman, CA., Glynn, LM., Davis, EP. Neurobehavioral consequences of fetal exposure to gestational
stress. In: Reissland, N., Kisilevsky, BS., editors. Fetal Development. Springer International
Publishing; 2016. p. 229-265.http://doi.org/10.1007/978-3-319-22023-9_13

Serafini G, Pompili M, Borgwardt S, Houenou J, Geoffroy PA, Amore M. Brain changes in early-onset
bipolar and unipolar depressive disorders: A systematic review in children and adolescents.
European Child & Adolescent Psychiatry. 2026; 23:1023-1041. http://doi.org/10.1007/
s00787-014-0614-z.

Ségonne F, Dale AM, Busa E, Glessner M, Salat D, Hahn HK, Fischl B. A hybrid approach to the skull
stripping problem in MRI. Neurolmage. 2004; 22:1060-1075. http://doi.org/10.1016/j.neuroimage.
2004.03.032. [PubMed: 15219578]

Shang J, Fu Y, Ren Z, Zhang T, Du M, Zhang W. The common traits of the ACC and PFC in anxiety
disorders in the DSM-5: Meta-analysis of voxel-based morphometry studies. PLoS ONE. 2014;
9:€93432. http://dx.doi.org/10.1371/journal.pone.0093432. [PubMed: 24676455]

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.


http://doi.org/10.1037/abn0000205
http://doi.org/10.1016/j.jaac.2010.05.017
http://doi.org/10.1017/S0033291713002328
http://doi.org/10.1017/S0033291713002328
http://doi.org/10.1016/j.biopsych.2005.01.038
http://doi.org/10.1016/j.brainres.2011.05.018
http://doi.org/10.1016/j.brainres.2011.05.018
http://doi.org/10.1007/s10802-016-0132-1
http://doi.org/10.1176/appi.ajp.2011.11020281
http://doi.org/10.1192/bjp.bp.114.149591
http://doi.org/10.1192/bjp.bp.114.149591
http://doi.org/10.1177/10634266070150030101
http://doi.org/10.1001/jamapsychiatry.2015.2423
http://doi.org/10.1007/978-3-319-22023-9_13
http://doi.org/10.1007/s00787-014-0614-z
http://doi.org/10.1007/s00787-014-0614-z
http://doi.org/10.1016/j.neuroimage.2004.03.032
http://doi.org/10.1016/j.neuroimage.2004.03.032
http://dx.doi.org/10.1371/journal.pone.0093432

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Snyder et al.

Page 15

Sled JG, Zijdenbos AP, Evans AC. A nonparametric method for automatic correction of intensity
nonuniformity in MRI data. IEEE Transactions on Medical Imaging. 1998; 17:87-97. http://
doi.org/10.1109/42.668698. [PubMed: 9617910]

Snyder HR, Miyake A, Hankin BL. Advancing understanding of executive function impairments and
psychopathology: Bridging the gap between clinical and cognitive approaches. Frontiers in
Psychology. 2015; 6:1-24. http://doi.org/10.3389/fpsyg.2015.00328. [PubMed: 25688217]

Snyder, HR., Young, JF., Hankin, BL. Strong homotypic continuity in common psychopathology-,
internalizing-, and externalizing-specific factors over time in adolescents. Clinical Psychological
Science, Advance online publication. 2016. http://doi.org/10.1177/2167702616651076

Stiles J, Jernigan TL. The Basics of brain development. Neuropsychology Review. 2010; 20:327-348.
http://doi.org/10.1007/5s11065-010-9148-4. [PubMed: 21042938]

Strawn JR, Wehry AM, Chu WJ, Adler CM, Eliassen JC, DelBello MP. Neuroanatomic abnormalities
in adolescents with generalized anxiety disorder: A voxel-based morphometry study. Depression
and Anxiety. 2013; 30:842-848. http://doi.org/10.1002/da.22089. [PubMed: 23495075]

Wise, T., Radua, J., Via, E., Cardoner, N., Abe, O., Young, AH. Common and distinct patterns of grey-
matter volume alteration in major depression and bipolar disorder: evidence from voxel-based
meta-analysis. Molecular Psychiatry, Advance online publication. 2016. http://doi.org/10.1038/mp.
2016.72

Clin Psychol Sci. Author manuscript; available in PMC 2018 November 01.


http://doi.org/10.1109/42.668698
http://doi.org/10.1109/42.668698
http://doi.org/10.3389/fpsyg.2015.00328
http://doi.org/10.1177/2167702616651076
http://doi.org/10.1007/s11065-010-9148-4
http://doi.org/10.1002/da.22089
http://doi.org/10.1038/mp.2016.72
http://doi.org/10.1038/mp.2016.72

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Snyder et al. Page 16

P Factor
DPFC: B=-.16
VLPFC: B=-.15
OFC: B=-.19

Internalizing-Specific

Factor
Insula: B =-.35
MTL: B =-.24

Amygdala: B =-.25

Figure 1.
Bilateral grey matter volume reductions (GMV) in DPFC, VLPC, and OFC were

significantly associated with the latent p factor of psychopathology; bilateral GMV
reduction in insula, medial temporal lobe, and amygdala were significantly associated with
unique internalizing-specific variance that is independent of general psychopathology p
factor variance.
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