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1. Background

Ø Disruptive behavior is associated with:

Ø Early life trauma1.

Ø Amygdala volume2.

Ø The present study specifically targeted bullying behavior and 
expected that the above factors were also related to bullying 
behavior.

Ø Bullying is behavior intended to harm another person in 
schools that results in a power imbalance3.

Ø The present study hypothesized that bullying behavior was 
associated with childhood trauma, depending on amygdala 
volume.

3. Statistical strategy

Ø CTQ score and left and right amygdala volumes 
were centered, and the cross product of these 
variables were computed.

Ø A hierarchical regression models were tested 
(red=1st model; blue=2nd model; orange=3rd 
model; green=4th model):

Ø Y⌃1 = a + b1X1 + b2X2 + b3X3 + b4X4 + b5X5
+ b6X6+ b7X7 + b8X8 + b9X9

4. Results

5. Discussion

Ø 3 profiles of bullies were identified:

Ø Bullies who had smaller volumes of the amygdala bilaterally.

Ø Bullies with less trauma who had smaller volume in only the left amygdala
(or increased right amygdala volume).

Ø Bullies with high trauma who had smaller volume in only the right amygdala
(or increased left amygdala volume).

2. Method

Ø 35 college students (mean age = 21.0, 21 females and 14 
males) completed the following:

Ø MRI scan (3T Siemens Skyra, with 32ch brain array coil): 
T1-weighted anatomical image (MP-RAGE, 
voxel=1.0×1.0×1.0mm3).

Ø Demographic assessment.

Ø Adolescent Peer Relations Instrument (modified for the 
present study): Higher score on bully/victim subscale 
indicates more frequent bullying/victimization in the past.

Ø Childhood Trauma Questionnaire (CTQ): Higher score 
indicates more frequent trauma in early life.

Ø Image preprocessing was performed by FreeSurfer:

Ø Estimated intracranial volume (eTIV) and bilateral 
volumes of the amygdala.

Y⌃1 = Bully score; 
X1 = eTIV; X2 = Victim score; X3 = CTQ score; 
X4 = Left amygdala volume; 
X5 = Right amygdala volume; 
X6 = CTQ score × Left amygdala volume; 
X7 = CTQ score × Right amygdala volume; 
X8 = Left amygdala volume × Right amygdala 
volume; 
X9 = CTQ score × Left amygdala volume × Right 
amygdala volume
b = unstandardized regression coefficient
a = constant

Ø Blue indicates the 
amygdala.

Amygdala

β df t
1st Model eTIV 0.20 32 1.27

Victim Score 0.41 32 2.60*
2nd Model CTQ Score (CTQ) 0.25 29 1.27

Left Amygdala Volume (LAV) -0.14 29 -.70
Right Amygdala Volume (RAV) -0.10 29 -0.44

3rd Model CTQ × LAV 0.55 26 2.26*
CTQ × RAV -0.63 26 -2.56*
LAV × RAV 0.38 26 2.10*

4th Model CTQ × LAV × RAV -0.39 25 -1.59

*p<0.05
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Ø The upper figure 
visualizes the 
interaction between 
amygdala volumes; the 
right figure visualizes 
the interaction between 
CTQ score and 
amygdala volume.
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