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Background: Bullying has been shown to increase the risk of developing a psychotic disorder. To date, no
studies have examined brain behavior relationships within the context of bullying victimization in
clinical high-risk (CHR) youth, a group characterized by both gray and white matter abnormalities. The
present study employed multimodal neuroimaging to examine possible neural mechanisms associated
with bullying victimization.

Methods: CHR and healthy volunteers underwent clinical interviews, parent reports and MRI scans. Re-

Ié;?:l ‘/i‘é(:\];dfsl;gh risk gions of interest (ROIs) were picked based on sensitivity to environmental stress, including hippocampal,
Bullying amygdala, and orbitofrontal cortex (OFC) structural ROIs, and uncinate fasciculus white matter integrity.

DTI Results: CHR individuals were more exposed to bullying victimization than healthy volunteers, and
MRI bullying was associated with depressive symptoms across the whole sample. CHR individuals exhibited

smaller volumes in OFC, but not in other ROIs. Increased bullying exposure was associated with lower
medial OFC volumes in CHR and HV groups independently. Results ought to be interpreted as pre-
liminary, as they did not survive correction at the whole brain level.

Discussion: Bullying victimization may affect or be affected by volumetric OFC differences in both healthy
and CHR individuals. However, given CHR showed greater exposure to bullying as well as underlying
vulnerability (e.g. lower volumes), results also point to etiological clues and novel intervention targets,

Orbital frontal cortex

though future replication is needed in better powered samples.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Exposure to environmental risk factors plays an important role
in the pathogenesis of schizophrenia (van Os et al., 2010; Brown,
2011). Recent work has examined peer relationships and bullying.
For example, studies have found individuals with a psychotic dis-
order to be approximately twice as likely to report bullying
victimization compared to controls (Trotta et al., 2013). There is
some evidence that clinical high-risk (CHR) individuals (i.e., those
showing recently emergent attenuated positive symptoms and
corresponding cognitive/functional decline, that are at imminent
risk for transitioning to psychosis) are also more likely to be
exposed to bullying victimization (Valmaggia et al., 2015). How-
ever, neural mechanisms underlying bullying victimization have
seldom been explored in general, and never before in this
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population. This is a particularly relevant question as CHR in-
dividuals are typically in the adolescent-young adult window when
peer evaluation and the role of social support play critical roles in
development as well as in shaping life-time behaviors (Valmaggia
et al., 2015; McDonnell et al., 2018) and further, this population is
often characterized by pervasive gray (Borgwardt et al., 2007;
Wood et al., 2008) and white-matter (Carletti et al., 2012; Cho et al.,
2016) pathology. As both gray and white matter changes reflect
differing neurodevelopmental mechanisms (Matsuzawa et al,
2001; Konrad et al., 2013; Fuhrmann et al., 2015), they may also
speak to distinct vulnerabilities, each with unique susceptibility to
environmental stressors (Konrad et al., 2013; Whittle et al., 2013;
Fuhrmann et al., 2015). However, to date there have been no studies
that explore possible neural mechanisms of bullying victimization
in CHR and further, no investigations that have incorporated critical
perspectives from both gray and white matter pathology. This study
examines neural correlates of bullying victimization, as well as
links with symptoms within and across CHR and healthy volunteer
(HV) groups. Studying CHR individuals offers a unique opportunity
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to understand the role of a novel and potentially potent risk factor
and aids in understanding the etiology of the disorder.

Bullying victimization may contribute to increased vulnerability
to develop a psychotic disorder (Trotta et al., 2013; Catone et al.,
2015; Moffa et al., 2017). Large prospective studies found that the
risk of developing psychotic symptoms was increased among vic-
tims of bullying, even when controlling for confounding factors
such as prior psychopathology, SES, and 1Q (Schreier et al., 2009;
Catone et al.,, 2015). Given this evidence, it is of great importance to
understand the emergence of this possible vulnerability prior to a
formal psychosis diagnosis; these early markers may inform
intervention and prevention models. Recent studies also suggest
that a history of bullying is more common in individuals at CHR for
developing psychosis (Valmaggia et al., 2015). The adolescence
period for CHR and typically developing individuals confers a
heightened vulnerability period: these individuals are undergoing
a critical period of brain development and hormonal changes, along
with increased social and occupational demands, all resulting in
increased stress exposure (Konrad et al.,, 2013; Fuhrmann et al,,
2015). In addition, CHR individuals are likely to possess pre-
existing neurobiological vulnerabilities, further increasing risk for
developing psychopathology (Valmaggia et al., 2015; McDonnell
et al.,, 2018). Thus, studying these populations offers a critical op-
portunity to examine whether normative and pathological re-
sponses to environmental stressors can be distinguished with
regards to bullying victimization.

Understanding symptoms and neural underpinnings of bullying
victimization in CHR individuals during a dynamic developmental
period that may be particularly sensitive to environmental
stressors is a valuable opportunity. Indeed, exposure to adverse
environmental factors such as chronic victimization has been
shown to alter emotion regulation and reward processing
(Nusslock and Miller, 2016; Rudolph et al., 2016; Teicher and
Samson, 2016; Hiser and Koenigs, 2018; Telzer et al., 2018).
Further, with regards to symptoms and disease progression,
bullying victimization has been numerously linked to mood
instability and depressive symptoms in psychosis, CHR and non-
clinical populations (Catone et al., 2015; Valmaggia et al., 2015;
Moffa et al., 2017). It has also been linked to positive symptoms
including hallucinations, and to paranoid ideation (Moffa et al.,
2017). Given that studies found the link between bullying and
positive symptoms was partially mediated by depression, investi-
gating these could be etiologically informative with regards to
understanding effects of bullying victimization (Moffa et al., 2017).

To date, research in psychosis populations investigating neural
mechanisms associated with bullying victimization has been rather
limited, despite promising research in non-clinical populations. For
example, in typically developing adolescent girls, a study found
that chronic peer victimization possibly compromised the reward
system, altering neural sensitivity to risk taking as well as affective
sensitivity (Telzer et al., 2018). Chronic stress more generally has
been shown to cause gray matter volume decreases and cortical
thinning, especially during the critical periods of adolescence and
young adulthood (Lenroot and Giedd, 2006; Baker et al., 2013;
Tottenham, 2014; Fuhrmann et al., 2015). However, evidence of
effects of bullying in psychosis populations has focused on links
with symptom severity and functional outcomes; neural mecha-
nisms are largely unexplored (Catone et al.,, 2015; Upthegrove,
2015; Valmaggia et al., 2015; Moffa et al., 2017).

Interestingly, regions that are commonly linked to reward pro-
cessing and affect regulation, including the orbitofrontal cortex
(OFC), amygdala, and hippocampus, are also known to be particu-
larly vulnerable to the effects of early life stress and adverse envi-
ronmental factors (Haber and Knutson, 2010; Thomaes et al., 2010;
Dannlowski et al., 2012; Baker et al., 2013; Samplin et al., 2013;
Chaney et al., 2014; Mychasiuk et al., 2016; Teicher and Samson,

2016; Teicher et al., 2016; Wikenheiser and Schoenbaum, 2016;
Hiser and Koenigs, 2018). Well-replicated findings include reduced
hippocampal volume and impaired amygdalar affect regulation in
individuals with maltreatment histories (Dannlowski et al., 2012;
Baker et al., 2013; Samplin et al., 2013), as well as lower OFC vol-
umes and resting blood flow in children with maltreatment history
or threatening event exposure (Chugani et al., 2001; Hanson et al.,
2010; Thomaes et al., 2010; De Brito et al., 2013). Further, research
has demonstrated that the OFC and hippocampus work together to
mediate responses to stressful experiences and regulate the central
nervous system (McEwen, 2007; Mychasiuk et al, 2016;
Wikenheiser and Schoenbaum, 2016), and lesions of both amygdala
and OFC have been known to impair affective processing in rhesus
monkeys (Schoenbaum, 2004). Thus, it is possible that these re-
gions would be further impacted by bullying victimization as an
adverse environmental factor and stressor.

Finally, with regards to white matter integrity, the uncinate
fasciculus white matter tract links critical emotional areas, such as
medial temporal lobe (MTL) hippocampus and amygdala and pre-
frontal regions including OFC/ventromedial areas (Ebeling and von
Cramon, 1992; Kim et al., 2011). This tract has also been found to be
altered in psychotic disorders (Kubicki et al., 2002; Kawashima
et al., 2009). Given the critical role of communication between
prefrontal and MTL areas in affect regulation and reward processing
(Quirk and Beer, 2006; Teicher and Samson, 2016; Hiser and
Koenigs, 2018), examining myelination between these regions
could further aid understanding of symptom presentation in in-
dividuals affected by bullying victimization.

In the present study, a multimodal approach was adopted, using
structural volumetric and white matter ROIs. Hippocampus,
amygdala, and OFC gray matter along with uncinate fasciculus
white matter integrity were chosen as ROI candidates. We assessed
CHR and HV participants to determine (1) whether there are dif-
ferences between diagnoses in exposure to bullying victimization,
and if so, (2) whether these differences are associated with
depression and positive symptoms as found in previous studies
(Moffa et al., 2017). Finally, given the previous literature we aimed
to determine (3) if exposure predicts lower brain region volumes
and uncinate fasciculus white matter integrity.

2. Methods

Adolescent and young adult HV and CHR subjects were recruited
to the Adolescent Development and Preventive Treatment (ADAPT)
research program. Exclusion criteria for both groups included head
injury, presence of a neurological disorder, lifetime substance
dependence, and history/presence of an Axis I psychotic disorder.
For HV, presence of a psychotic disorder in a first-degree relative
and presence of an Axis I disorder were also exclusion criteria.
Parents gave written consent for subjects younger than 18; subjects
18 years or older gave written consent themselves. Of 112 subjects
with data on the A-TAC and SRS, 8 were excluded from bullying-
specific analyses due to having missing data on one or more of
the three items of interest. Therefore, 104 (53 HV and 51 CHR) were
included in analyses examining group differences in bullying
exposure and relationships with symptoms. Of this initial sample
(n=112), 98 subjects (49 HV and 49 CHR) had successfully
normalized/segmented neuroimaging scans and were included in
analyses examining group (CHR vs HV) differences in volume (see
below for imaging data processing). Finally, of these, 89 (48 HV and
41 CHR) had both bullying data for all 3 items and successfully
normalized/segmented neuroimaging scans and were included in
analyses examining relationships between volumes and bullying
analyses (see below for imaging data processing).
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3. Measures
3.1. Bullying victimization measures

Exposure to victimization was measured using three items
taken from two parent-report measures. Multiple items were
chosen to increase reliability and validity. Two of these items were
from the Autism-Tics, ADHD, and other Co-morbidities inventory
(A-TAC), one of which asks “Is he/she easily teased?” and the other
of which asks “Is or has she/he been bullied by other children in
school?” (Larson et al., 2013). The third item was acquired from the
Social Responsiveness Scale (SRS), and asks whether the child “gets
teased a lot” (Constantino et al., 2003). Exposure to these items was
dummy coded, such that a score of 1 indicated exposure, and
0 indicated no exposure. A cumulative score was calculated by
adding the items that were endorsed (see Table 1); scores were
treated as rank-order variables. Given that 2 of the items measure
“teasing,” endorsement of one or the other was counted once;
therefore, cumulative exposure scores ranged from O to 2. Previous
studies using cumulative risk scores have proven successful in
better capturing the potency and pervasiveness of an environ-
mental risk/stressor, especially when there is variability between
endorsement of one versus multiple items (Evans et al., 2013; Evans
and Cassells, 2014). Cronbach's alpha among the 3 items was 0.794.
Removing any of the items resulted in a lower Cronbach's alpha
estimate.

3.2. Clinical assessments

The Structured Interview for Prodromal Syndromes (SIPS) was
administered to CHR and HV participants to rule out the presence of
CHR syndromes in HVs, and to diagnose the presence of a risk
syndrome in CHR individuals and assess symptoms (Miller et al.,
1999). Subjects were administered the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (SCID) to rule out psychotic dis-
orders in both groups and assess history of mood and anxiety
(Lobbestael et al., 2011). The Beck Depression Inventory (BDI), a
reliable and valid assessment of depressive symptoms in adoles-
cents and young adults, was administered (Steer et al., 1997). These
measures have demonstrated strong interrater reliability in ado-
lescents (Martin et al., 2000). Training of advanced doctoral student
interviewers was conducted over a 2-month period; interrater re-
liabilities exceeded the minimum study criterion of k > 80.

3.3. Structural imaging
Scans were acquired with a 3-Tesla Siemens Tim Trio magnetic

resonance imaging scanner (Siemens Healthineers, Erlangen, Ger-
many) and a standard 12-channel head coil. Structural images were

Table 1
Demographic characteristics.
HV (1) CHR (2) Group diff.
Demographics
Gender 48.1% male 62.1% male 1=2
Age 17.57 (2.87) 18.47 (1.87) 1=2
Years of education 11.57 (2.78) 11.95 (2.40) 1=2
Symptoms
Positive? 0.76 (1.46) 11.81 (4.88) 1<2°
Depressive mood” 3.82 (5.24) 16.85 (9.95) 1<2°
Victimization®
Overall exposure 14 (26.4%) 25 (49.01%) 1<2°

Note: Mean (SD), 2 =CHR, 1=HV.

" p<0.05.

2 Measured by SIPS battery.

b Measured by the Beck Depression Inventory.

¢ Count of subjects endorsing exposure to victimization (percentage of sample).
Measured by sub-items of A-TAC and SRS scales.

collected with a T1-weighted 3D magnetization prepared rapid
gradient multi-echo sequence (sagittal plane; repetition time
(TR) = 253-ms; echo times (TE) = 1.64, 3.5, 5.36, 7.22, and 9.08 ms;
GRAPPA parallel imaging factor 2; 1 mm? isomorphic voxels, 192
interleaved slices; FOV = 256 mm; flip angle = 7°, time = 6:03 min).
A T2 weighted acquisition (axial oblique aligned with anterior
commissure-posterior commissure line; TR = 3720 ms; TE = 89 ms;
GRAPPA parallel imaging factor 2; 0.9 mm x 0.9 mm voxels;
FOV =240 mm; ip angle: 120°; 77 interleaved 1.5mm slices;
time = 5:14) was collected to check for incidental pathology. MRI
technologists identified possible image quality issues and for-
warded images of concern to radiologists for a formal review. MRI
data were visually inspected for quality of gray matter. ROI gray
matter volumes were extracted from Freesurfer defined OFC, hip-
pocampus, and amygdala (Fischl, 2012).

3.4. Diffusion tensor imaging

Diffusion-weighed scans were collected [71 gradient directions;
TR 9600 ms; TE 86 mm; GRAPPA parallel imaging factor 2; § value
1000 s/mmz; FOV 256 mm; 72 slices; 2 mm? isomorphic voxels; 7
Bo images] and processed with TRActs Constrained by UnderLying
Anatomy (TRACULA) (Yendiki et al., 2011). TRACULA calculates
probabilistic tractography to diffusion data using subcortical seg-
mentation labels from a FreeSurfer anatomical atlas of white matter
tracts (Fischl et al., 2002, 2004). TRACULA uses an algorithm for
automated global probabilistic tractography that estimates the
posterior probability of primary white matter pathways to calculate
fractional anisotropy (FA) in the uncinate fasciculus. MNI co-
ordinates were defined in standard space for the uncinate fascic-
ulus ROI using the ICBM-DTI-81 white matter atlas and selected in
FSLview.

4. Data analyses
4.1. Sample characteristics

One-way analysis of variance and chi-square tests were used to
test for demographic differences and victimization exposure be-
tween diagnostic groups, as appropriate. Non-parametric tests
were used to test associations between victimization exposure, BDI
depression symptoms and positive symptoms (Spearman correla-
tions). Links with depression were evaluated continuously, as these
symptoms tend to occur across clinical and control groups. How-
ever, due to limited variability in the controls with respect to
positive symptoms, associations with positive symptoms were
tested in the CHR group alone.

4.2. ROI sMRI and DTI analytic strategy

To test the omnibus effect for OFC and hippocampal volumes
between diagnoses, 2 separate repeated-measures ANCOVAs were
run (one for OFC and the other for hippocampal regions) specifying
hemisphere (left versus right) and OFC/hippocampal regions
(lateral versus medial for OFC and hippocampal versus para-
hippocampal for hippocampal regions) as within-subjects factors,
and group (CHR versus HV) as between-subjects factor including
age, gender, and estimated intracranial volume (ICV) as nuisance
variables. These models will test whether there are group differ-
ences between hemispheres, as well as between lateral and medial
OFC and hippocampal and parahippocampal regions. To test the
omnibus effect for the amygdala on group, a repeated-measures
ANCOVA was run specifying hemisphere (left versus right) as
within-subjects factor, including age, gender, and ICV as nuisance
variables. Finally, to test uncinate fasciculus fractional anisotropy
differences between diagnoses, a mixed-model ANOVA explored
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the relationship between hemisphere (left versus right) uncinate
fasciculus FA on group (CHR versus HV), accounting for age and
gender as nuisance variables. In the case that main effects of
hemisphere or interactions of hemisphere and group were
observed in the omnibus test, ensuing analyses examining the as-
sociation with bullying victimization were run for both left and
right regions/tracts. If these were not observed in the omnibus test,
analyses examining the association with bullying victimization did
not take laterality into account. Due to the lack of normality of the
distribution for the cumulative bullying variable, non-parametric
tests were employed to test for associations with brain ROIs.
Spearman correlations explored the relationship between cumu-
lative bullying exposure and volumes in the whole sample for the
gray matter ROIs, controlling for ICV. Spearman correlations
explored the relationship between cumulative bullying victimiza-
tion and uncinate fasciculus FA. Associations were evaluated across
the entire sample. However, given interest in distinct effects within
each group, in the case that these were different within diagnoses,
this was noted as well.

4.3. Follow-up exploratory whole brain volume analyses

In addition to the above-mentioned ROI approach, in order to
provide a conservative approach more conducive to replicability,
whole-brain analyses were undertaken. These analyses explored
cortical volume in CHR and healthy individuals, as well as in those
exposed to bullying victimization within those two groups. These
results were conducted as follow-up exploratory analyses given
results observed with morphometry. Analyses were conducted for
overall group differences, as well as for exposed versus not exposed
to bullying victimization. Analyses of exposed versus non-exposed
were conducted within the CHR and HV groups separately, and also
across both groups. Statistical maps were created using Freesurfer's
Query, Design, Estimate, Contrast (QDEC) interface. The QDEC
interface is a single-binary application that is part of the FreeSurfer
distribution used to perform group averaging and inference on the
cortical morphometric data produced by the FreeSurfer processing
stream. The CHR group was first compared to the HV group. For
each hemisphere, the General Linear Model (GLM) was computed
vertex-by-vertex for analysis of cortical volume, using gender, age
and intracranial volume as nuisance variables. QDEC creates the
design matrix automatically using DODS (different offsets, different
slopes), which assumes different morphometric measures for all
groups (different offsets), as well as a different impact of the vari-
able of interest between groups (different slope). Cortical maps
were smoothed using a 10mm full width at half maximum
Gaussian kernel. Results were visualized by overlaying significant
cortical areas onto semi-inflated cortical surfaces. Multiple

45 *
40
35 mCHR

HV

Exposed Non-Exposed

Fig. 1. Count of subjects exposed (endorsed at least one item) versus not exposed to
bullying victimization by group, *p < 0.05.

comparisons were corrected using a Monte Carlo Simulation with a
p-value set at <0.05.

5. Results

There were no differences between groups with regards to age,
gender, or years of education (see Table 1).

5.1. Group differences in bullying victimization

As hypothesized, CHR individuals had greater parent-reported
exposure to victimization than healthy individuals, F (1,
103) =6.008, p=0.016 (see Fig. 1). There was meaningful vari-
ability in terms of number of items endorsed. Of the CHR sample,
51% did not endorse any items, 23.5% endorsed one item, and 25.5%
endorsed both teasing and bullying. Of the HV sample, 73.5% did
not endorse any items, 15% endorsed one item, and 11% endorsed
both bullying and teasing.

5.2. Bullying victimization and symptoms

As predicted, increased parent-reported bullying victimization
was associated with greater depressive symptoms (Spearman
r=0.35, p<0.001) in both healthy and CHR groups (see Fig. 2). BDI
scores were positively skewed, however log transforming BDI
scores to correct for skewness did not affect results. There was no
significant association between bullying victimization and positive
symptoms in the CHR group (Spearman r = 0.09, p = 0.26).

5.3. Gray matter volume in OFC

The between-subjects omnibus model of group was significant [F
(6, 93)=5.53, p=0.021]. A main effect of hemisphere was not
observed, [F (1, 93) = 0.24, p = 0.878]. There was, however, a signif-
icant hemisphere by group interaction, [F (1, 93)=4.85, p=0.03].
Concurrently, there was a main effect of OFC [F (1, 93)=6.53,
p=0.012]. As with hemisphere, there was a significant OFC and
group interaction, [F (1, 93) = 4.886, p = 0.03]. Given the significant
interactions between hemisphere and group, as well as OFC and
group, OFC subregion-specific analyses were run for left and right
lateral and medial OFC regions included in the omnibus model.
These showed significant group effects such that CHR individuals
showed lower volumes relative to HVs for the right lateral [F (1,
98) =6.22, p=0.014] and right medial [F (1, 98) =4.68, p = 0.033]
areas, as well as for the left lateral OFC [F (1, 98) = 5.44, p = 0.022],
but not for the left medial area [F (1, 98) = 0.175, p = 0.68].

5.4. Gray matter volume in hippocampal areas

The between-subjects omnibus model of group was significant
[F (6, 93) =4.29, p=0.041]. A main effect of hemisphere was not
observed, [F (1, 93) = 0.3, p = 0.584]. There were no significant in-
teractions between hemisphere and group [F (1, 98)=0.327,
p = 0.569]. However, there was a main effect of hippocampal/par-
ahippocampal regions [F (1, 98) = 19.56, p <0.001]. There was a
significant interaction between hippocampal/parahippocampal
regions and group [F (1, 98)=7.772, p=0.018]. Given lack of
interaction between hemisphere and group, bilateral region-
specific analyses were run for bilateral volumes included in the
omnibus model. These showed significant group effects such that
CHR individuals showed lower volumes relative to HVs for bilateral
hippocampal volume [F (1, 98)=5.44, p=0.022], but not for
bilateral parahippocampal volume [F (1, 98) = 0.011, p = 0.916].
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Fig. 2. Depressive symptoms in exposed (endorsed at least one item) versus non-exposed subjects (EMM & SE controlling for age and gender).

5.5. Gray matter volume in amygdala

The between-subjects omnibus model of group was not signif-
icant [F (6, 94) =3.33, p=0.07]. A main effect of hemisphere was
not observed, [F (1, 98) = 0.22, p = 0.882]. There were no significant
interactions between hemisphere and group [F (1, 98)=0.681,
p=0411].

5.6. White matter integrity in the uncinate fasciculus

The between-subjects omnibus model of group was not signif-
icant [F (5,95) = 0.873, p = 0.352]. A main effect of hemisphere was
observed, [F (1, 98)=5.78, p =0.018]. There were no significant
interactions between hemisphere and group [F (1, 98)=0.195,
p=0.66].

5.7. Brain ROIs and bullying victimization

See Table 2 for significant results across the whole sample.
Interestingly, increased bullying victimization was associated with
smaller medial OFC volumes (see Fig. 3). For OFC, hippocampal and
uncinate fasciculus ROIs, observed patterns did not differ when
associations were evaluated in the CHR and HV groups separately.
In the case of amygdalar volumes, however, the association was no
longer significant when examined within HV and CHR groups

Table 2
Correlations between cumulative bullying victimization and regions of interest
across CHR and HV sample.

Region Spearman's r p
OFC
Right medial volume -0.22" 0.02
Right lateral volume -0.13 0.11
Left medial volume -0.13 0.11
Left lateral volume -0.11 0.15
Medial temporal regions
Hippocampal volume -0.11 0.16
Parahippocampal volume -0.08 0.24
Amygdala volume -0.21" 0.03
White matter tract ROIs
Right uncinate fasciculus FA 0.055 0.595
Left uncinate fasciculus FA 0.02 0.852

" p<0.05.

separately. Given high co-incidence of trauma and childhood
adverse events (Nilsson et al., 2012), presence of a PTSD diagnosis
in the CHR sample (n = 3) was controlled for, and results remained
unchanged; therefore, results were reported as originally intended.

5.8. Follow-up exploratory whole brain volume analyses

Differences surviving Monte Carlo Simulation multiple com-
parison corrections were not observed between diagnoses, nor
were they observed between individuals whose parents reported
had been exposed to bullying victimization, and those who had not.
Running analyses within the CHR and HV groups independently did
not alter results.

6. Discussion

The present study is the first to adopt a multimodal imaging
approach to understanding correlates of bullying victimization
during a critical period of neural plasticity in CHR and healthy
populations. This subject is vitally important for further under-
standing how exposure to chronic and acute environmental
stressors may interact with neurological vulnerabilities to increase
risk for future adverse outcomes. As predicted, the CHR group
showed greater exposure to bullying victimization compared to the
HV group, as indicated by parent report. In addition, greater
exposure was associated with increased depressive symptoms in
both groups. With regards to gray matter structure, the CHR in-
dividuals showed lower volumes compared to HVs for hippocampal
and OFC regions. Notably, lower volumes in medial OFC were
associated with elevated parent-reported exposure to bullying
victimization, across both CHR and HV groups (see Fig. 3). Further,
other areas differing between diagnoses were not significantly
linked with bullying victimization, suggesting specific areas of
susceptibility. Findings ought to be carefully interpreted as pre-
liminary, given that they did not survive follow-up analyses using a
multiple comparisons Monte Carlo Simulation correction at the
whole-brain level. Nonetheless, taken together, results suggest
victimization exposure is relevant for depressive symptom pre-
sentation and may affect or be affected by OFC structural differ-
ences in both healthy and CHR individuals. However, as bullying
occurs more frequently in the clinical group, and CHR participants
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Fig. 3. Gray matter volumetric differences (EMM & SE, controlling for age, gender and
ICV) between diagnoses (a) and between subjects exposed (endorsed at least one item)
versus not exposed to bullying victimization (b) in right medial OFC.

also show some vulnerability (e.g. smaller volumes), these results
also point to important etiological clues and novel intervention
targets.

This investigation aimed to determine whether there were
group differences in exposure to bullying victimization, and if so,
whether these differences were linked to depressive and positive
symptoms. These aims are informative in establishing bullying
victimization as a prevalent stressor in CHR individuals, as well as
in establishing a relationship with symptom outcomes. Study re-
sults for both depressive symptoms and neural structural variables
are notable in that associations are observable in both the CHR and
HV samples, despite the fact that the CHR group exhibited greater
parent-reported exposure to bullying victimization (see Fig. 1).
Findings support meta-analytic evidence suggesting bullying
victimization may have adverse effects regardless of whether one is
diagnosed with a psychiatric disorder (van Dam et al., 2012;
Valmaggia et al., 2015). However, bullying has also been more
specifically related to future development of psychosis spectrum
symptoms, depression, and mood instability in non-clinical

populations (van Dam et al., 2012; Valmaggia et al., 2015). There is
frequent incidence of depressive symptoms during the CHR period
(Azar et al., 2018), and since bullying exposure has predicted future
development of these mood instability and depressive symptoms,
perhaps it exacerbates depressive symptoms, which are common in
this population (Catone et al., 2015; Moffa et al., 2017). Present
findings lend support to this interpretation, as exposure to bullying
was linked to an increase in depressive symptoms. Null findings of
associations with positive symptoms in CHR are partially in line
with previous findings of depressive symptoms mediating bullying
prediction of psychosis symptoms (Moffa et al, 2017); future
studies are needed to investigate this, but perhaps depressive
symptoms predate effects of bullying on positive symptoms.

Of note, the present study sought to explore whether bullying
would be associated not only with symptoms, but with brain
morphometry and white matter integrity. This aim stands to inform
theories of mechanisms underlying the effect of bullying victimi-
zation on symptoms and psychosis risk. Given that the literature
examining underlying neural mechanisms of bullying victimization
has been rather limited, the present investigation chose regions of
interest previously shown to be sensitive to environmental risk
factors more generally. Previously discussed findings with regards
to symptoms are particularly interesting considering that lower
OFC volumes were associated with higher parent-reported expo-
sure to bullying victimization. Of note, the OFC is also critically
involved in emotion regulation and reward processing (Chaney
et al., 2014; Mychasiuk et al., 2016; Teicher and Samson, 2016;
Teicher et al., 2016; Hiser and Koenigs, 2018). Studies have shown
that lesions in the region disrupt sharing and understanding of
others' emotions (Hillis, 2014), causing socially inappropriate
behavior (Jankowski and Takahashi, 2014) and impairment in affect
regulation (Heide and Solomon, 2006). In addition, previous studies
have found the OFC to be particularly sensitive to environmental
influence during critical neurodevelopmental periods, along with
being involved in modulating the neurological response to chronic
stress (Thomaes et al., 2010; Chaney et al., 2014; Mychasiuk et al.,
2016; Teicher et al., 2016; Teicher and Samson, 2016;
Wikenheiser and Schoenbaum, 2016; Hiser and Koenigs, 2018).
Specifically, lower OFC volumes have been numerously observed in
individuals exposed to adverse environmental factors, including
childhood maltreatment, deprivation, and exposure to threatening
life events (Chugani et al., 2001; Hanson et al., 2010; Thomaes et al.,
2010; De Brito et al., 2013). This supports the notion that bullying
victimization may be one of many environmental factors effecting
morphometry through dysregulation of areas associated with
chronic stress and emotion regulation.

With regards to other regions of interest, differences between
diagnoses were also found in hippocampal regions, though vol-
umes were not associated with exposure to bullying victimization
within CHR or HVs. This supports possible mechanistic specificity of
the OFC with regards to sensitivity to exposure to bullying
victimization, or in its effects with regards to affect processing
symptoms. Contrary to study predictions, differences were not
found between diagnoses in terms of gray matter amygdalar vol-
ume, or myelination in the uncinate fasciculus tract. This is
consistent with the literature, as amygdalar volume differences in
CHR individuals are not consistently found (Bartholomeusz et al.,
2017). In addition, across the whole sample, reduced amygdalar
volume was associated with greater exposure to bullying victimi-
zation. These findings are consistent with previous studies finding
impaired amygdalar affect regulation in individuals with trauma
histories (Dannlowski et al., 2012; Baker et al., 2013; Samplin et al.,
2013). Overall, ROI findings may reflect lack of power in the current
sample to detect an effect between diagnoses, though they may
also lend support to mechanistic specificity of the OFC as a risk
factor in CHR populations.
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Perhaps bullying victimization effects OFC volume, thereby
increasing vulnerability and risk for developing future symptoms
and psychopathology. However, it is important to note that cau-
sality is not established: perhaps pre-existing reduced OFC volume
differences put an individual at risk for exhibiting emotion regu-
lation and social understanding deficits, therefore increasing the
individual's risk of being exposed to bullying victimization. Current
study findings could lend support to either interpretation. None-
theless, it is also likely that the association is bidirectional. In line
with a neural-diathesis stress conceptualization of psychopathol-
ogy, underlying neurobiological vulnerabilities may interact with
environmental risk factors to exacerbate vulnerability and increase
risk of developing psychopathology (Walker and Diforio, 1997;
Pruessner et al., 2017). Current results suggest the right medial OFC
may be particularly affected, which is consistent with it having a
greater role in emotion regulation and reward processing (Hiser
and Koenigs, 2018). However, future studies will be essential in
order to explore whether the lateral and medial OFC are differen-
tially affected.

Several limitations are important to highlight so that future
studies may better improve our understanding of this critical
subject. First, it is important to note the heterogeneity of CHR
samples, as well as the fact that only a minority of the sample goes
on to develop a psychotic disorder (Wood et al., 2008). Given the
nature of this clinical group, caution should be exercised when
considering whether findings provide clues of determinants of
psychotic illness specifically. Unfortunately, specific timing of
exposure was not collected. The age of exposure to environmental
stressors and risk factors has been proven to be essential, especially
during critical neurodevelopmental periods (Brown, 2011;
McLaughlin et al., 2014; Nusslock and Miller, 2016; Teicher and
Samson, 2016). Therefore, it will be important for future studies
to explore whether exposure timing differentially affects outcomes.
Given the limitations of retrospective reporting, ideally these
studies would be longitudinal. Further, the use of parental reports
in this investigation may have omitted some information that the
parents were not aware of and therefore could not report. This
could have led to an underestimation of presence of bullying across
the sample. However, it is important to note that the information
that the parents are aware of is likely to be a salient or potent in-
fluence in the child's environment. Nonetheless, future studies
would ideally collect both self-report and parent report data, and
aggregate across these reports.

The current study undertook an ROI approach. Regions of in-
terest were carefully chosen based on previous literature on effects
of bullying on symptoms, as well as on neural regions affected by
environmental stressors and risk factors. As a follow-up, we sought
to confirm our analysis results using a whole-brain approach in
order to more fully condone replicability. Upon undertaking a
whole-brain approach, however, results did not survive the more
conservative multiple comparisons corrected approach. This may
be due to insufficient power in the current sample. It could also be
the case, however, that current ROI results reflect Type 1 error.
Going forward, future more well powered future studies would
benefit from addressing this concern by undertaking a whole brain
approach in order to attempt to replicate findings. As presently
observed, results should be cautiously interpreted as preliminary.

Current results were not affected by SCID-assessed presence of
post-traumatic stress. However, more well powered future studies
would benefit from collecting data on bullying victimization
exposure and comparing effects of other environmental risk fac-
tors. This would help distinguish whether bullying victimization is
distinct, or mechanistically similar to other types of risk exposure
and environmental stressors (Nusslock and Miller, 2016). Finally,
our use of a cumulative bullying victimization score based on ad-
ditive aggregation of item endorsement captured informative

variability. Indeed, previous additive cumulative risk models in
adolescent populations have proven successful in capturing po-
tency of a given environmental stressor (Evans et al., 2013; Evans
and Cassells, 2014). Nonetheless, previous studies have found a
dose response effect between amount of environmental risk
exposure and likelihood of developing psychosis (Shevlin et al.,
2008); this suggests that further exploring cumulative risk
models (including multiple environmental stressor types) would be
a valuable undertaking for future investigations.
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