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eMethods 1. Additional Methodological Details Related to the Meta-analysis Procedure 

Conversion of the z-values to uncorrected p-values using Seed-based d-Mapping (formerly signed differential 
mapping; SDM) (http://www.sdmproject.com/) does not conform to traditional transformation conventions. In 
their paper describing anisotropic effect –size SDM, Radua et al., (2012)1 noted on p. 607: “Despite the fact that 
meta-analytic estimates are z values, assessment of their statistical significance is not straightforward.”  This is 
primarily due to the fact that the p-values of SDM Z-scores are usually much different to the p-values associated 
with standard z-scores and are computed using randomisations. To ensure stability, we carried out 20 
randomizations in total, as per the recommendation in the SDM tutorial and by Joaquim Radua (17/04/2015), 
developer of SDM. Pre-processing of studies consists of creating a map of variances (i.e. a measure of effect-
size, with each study weighted depending on the size of its sample as well as within-study variability and 
between-study heterogeneity).  

Where a statistical parametric map (or t-map) is available, these are converted to unbiased effect size and 
variance maps using Hedge’s d.2 For peak coordinates, the re-creation is based on converting the peak t-value to 
Hedge’s effect size and then applying a non-normalized Gaussian kernel to the voxels close to the peak (see 1,3). 
When a statistical map is not available the effect size can only be extracted for those voxels containing a peak 
whilst it must be estimated for the neighbouring voxels. This estimation is conducted by assigning an effect size 
to each voxel depending on its distance to close peaks1,4. We used a full-width half-maximum (FWHM) of 
20mm based on empirical evidence 1,3 that is in line with other meta-analytical tools (e.g. ALE and MKDA)5. 
The meta-analytic use of null effect sizes when pre-processing voxels far from a peak voxel biases the z-values 
towards 0, making a normal distribution of z-values inappropriate. Previous tests based on randomizing the 
location of peaks is also not appropriate in combination with the use of raw statistical parametric maps1,4, as is 
the case in our meta-analysis (85% statistical maps included; 11 out of 13 studies). The AES-SDM method1 
used here solves this issue by randomizing the location of the voxels within the standard SDM grey matter 
template, assuming that effect sizes (rather than only peaks) are randomly distributed throughout the brain.   

Linear meta-regression analysis 

Based on Monte Carlo randomizations (N = 20) used to compute statistical significance, simple linear 
regressions were carried out, weighted by the square root of the sample size and restricted to predict SDM 
values within the observed range of the computed variable (i.e. from -1 to 1)1. The main output for each variable 
indicates the regression slope (e.g. the amount of grey matter change per unit increase in mean CU trait score), 
with clusters reported that show a significant trend across youths with CP along with a predicted significant 
difference with TD youths (e.g. a reported grey matter difference between youths with CP and TD youths in 
studies measuring CU traits). 
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eTable 1. Computed CU traits Percent of Maximum Possible Scores for Youths With CP 

Studies CU measure and score CP Youths CU traits 
(Percent of 

Maximum Possible) 
scorea 

De Brito et al.,6 2009 APSD CU scale 
7.9 

65.83 

Fairchild et al.,7 2011 YPI CU scale 
0.74 

& 
ICU total 

34.2 

60.75 

Fairchild et al.,8 2013 YPI CU scale 
0.62 

62 

Cope et al.,9 2014 PCL-YV Factor 1 
9.8 
& 

ICU total 
30 

51.46 

Sebastian et al.,10 2015  ICU total 
52.5 

72.92 

Abbreviations: APSD = Antisocial Process Screening Device; CP = conduct problems; TD = typically 
developing; CU = callous-unemotional; PCL-YV = Psychopathy Checklist – Youth Version; YPI = 
Youth Psychopathy Inventory 

a Calculation of Percent of Maximum Possible scores: Percent of maximum possible = ((variable 
name – minimum_score)/(maximum_score – minimum_score))*100 
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eMethods 2. Computation of the CU Traits Percent of Maximum Possible Scores  

The measures of CU scores differed across the five studies that assessed those traits (eTable 1). The CU Percent 
of Maximum Possible scores calculated for each study were based on the CU scale of the Youth Psychopathy 
Inventory (YPI11) (studies7,9), of the Antisocial Process Screening Device12 (study10), and the total score of the 
Inventory of Callous-Unemotional Traits (ICU;13) (study10). For the study by Fairchild et al. (2011)7 we created 
an averaged Percent of Maximum Possible score using the total ICU score and the CU scale of the YPI. For the 
study by Cope et al. (2014)9 we created an averaged Percent of Maximum Possible score using the CU scale of 
the YPI Factor 1 score of the Psychopathy Checklist – Youth Version14. For each of those measures of 
psychopathic traits, we decided to focus on CU traits only because it is the dimension of psychopathic traits in 
youths that has recently been included as a specifier for CP in the DSM 515. This is based on two decades of 
research showing that, in contrast to other dimensions of psychopathic traits in youths (e.g., impulsivity, 
narcissism), CU traits offer incremental validity in identifying a particularly severe group of youths with CP16. 
The results of the meta-regression using the CU Percent of Maximum Possible Scores are presented in eFigure 
4B. 
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eFigure 1. Meta-regression Results Showing Association Between Age Range and Quadratic Age With Gray 
Matter Differences Overlaid Onto the Main Meta-analysis Results (A) and Meta-regression Plots (B) 

 

 

 

 

 

 

 

 

 

 

 

Age-related meta-regression results. A. Main meta-analysis results (CP < TD) shown in dark blue, association between 
age-range across groups and gray matter differences shown in light blue, association between quadratic age (mean 
age in the CP youths squared) and gray matter differences shown in red/pink (left fusiform gyrus effect shown circled). 
All results thresholded at p < 0.05. Slices are shown in the axial plane with MNI-coordinates included. B. Association 
between the age-range and gray matter differences in the left amygdala (k = 140 voxels: Intercept = -0.4) (shown in 
light blue). Association between quadratic age and gray matter differences in right amygdala (k = 59 voxels: Intercept = 
-0.41) and left fusiform gyrus (k = 12 voxels; Intercept = -0.4). Effect sizes (SDM-estimates) used to create the meta-
regression plots were extracted from the peak of maximum slope significance. Note that this may overestimate the 
effect that would be observed in a wider anatomical region. The meta-regression SDM-estimate value is derived from 
the proportion of studies that reported gray matter changes near the voxel so it is expected that some values are at 0 
or near +/- 1. Each included study is represented as a numbered dot, with the dot size reflecting total sample size. 
Large dots indicate total samples > 80 participants; medium dots > 40 participants; and small dots > 20 participants. 
Study key: 1 = Sterzer et al.,200717; 2 = Huebner et al.,200818; 3 = De Brito et al.,20096; 4 = Dalwani et al.,201119; 5 = 
Fairchild et al.,20117; 6 = Fahim et al.,201120; 7 = Stevens et al.,201221; 8 = Fairchild et al.,20138; 9 = Olvera et 
al.,201422; 10 = Cope et al.,20149; 11 = Hummer et al.,201423; 12 = Michalska et al.,201524; 13 = Sebastian et al.,  
201510. 
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eFigure 2. Meta-regression Results Showing Association Between IQ Difference and Gray Matter Differences 
Overlaid Onto the Main Meta-analysis Results (A) and Meta-regression Plot (B) 

 

 

 

 

 

 

 

  

IQ-difference meta-regression results. A. Main meta-analysis results (CP < TD) are shown in dark blue, association between 
IQ-difference scores (TD youths (N = 257) minus CP youths (N = 329)) and gray matter differences in right fusiform gyrus is 
shown in red (circled). All results thresholded at p < 0.05. Slices are shown in the sagittal and axial planes with MNI-
coordinates included. B. Association between IQ-difference score and gray matter differences in right fusiform gyrus (k = 88 
voxels: Intercept = -1.29). Effect sizes (SDM-estimates) used to create the meta-regression plot were extracted from the peak 
of maximum slope significance. Note that this may overestimate the effect that would be observed in a wider anatomical 
region. The meta-regression SDM-estimate value is derived from the proportion of studies that reported gray matter changes 
near the voxel so it is expected that some values are at 0 or near +/- 1. Each included study is represented as a numbered 
dot, with the dot size reflecting total sample size. Large dots indicate total samples > 80 participants; medium dots > 40 
participants; and small dots > 20 participants. Study key: 1 = Sterzer et al.,200717; 2 = Huebner et al.,200818; 3 = De Brito et 
al.,20096; 4 = Dalwani et al.,201119; 5 = Fairchild et al.,20117; 6 = Fahim et al.,201120; 7 = Stevens et al.,201221; 8 = Fairchild 
et al.,20138; 9 = Olvera et al.,201422; 10 = Cope et al.,20149; 11 = Hummer et al.,201423; 12 = Michalska et al.,201524; 13 = 
Sebastian et al., 201510. 
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eFigure 3. Meta-regression Results Showing Association Between Lifetime CD Symptom Severity Score and 
Gray Matter Differences Overlaid Onto the Main Meta-analysis Results (A) and Meta-regression Plot (B) 

 

 

 

 

 

 

 

 

  

Lifetime CD-symptom severity meta-regression results. A. Main meta-analysis results (CP < TD) are shown in dark blue, 
association between mean lifetime CD-symptom severity score in youths with CP (N = 211) and gray matter differences in right 
superior temporal gyrus shown in green (circled). All results thresholded at p < 0.05. Slices are shown in the sagittal and axial 
planes with MNI-coordinates included. B. Association between mean lifetime CD-symptom severity score and gray matter 
differences in right superior temporal gyrus (k = 51 voxels: Intercept = -0.85). Effect sizes (SDM-estimates) used to create the 
meta-regression plot were extracted from the peak of maximum slope significance. Note that this may overestimate the effect 
that would be observed in a wider anatomical region. The meta-regression SDM-estimate value is derived from the proportion 
of studies that reported gray matter changes near the voxel so it is expected that some values are at 0 or near +/- 1. Each 
included study is represented as a numbered dot, with the dot size reflecting total sample size. Large dots indicate total 
samples > 80 participants; medium dots > 40 participants; and small dots > 20 participants. Study key: 1 = Sterzer et 
al.,200717; 2 = Huebner et al.,200818; 3 = De Brito et al.,20096; 4 = Dalwani et al.,201119; 5 = Fairchild et al.,20117; 6 = Fahim et 
al.,201120; 7 = Stevens et al.,201221; 8 = Fairchild et al.,20138; 9 = Olvera et al.,201422; 10 = Cope et al.,20149; 11 = Hummer 
et al.,201423; 12 = Michalska et al.,201524; 13 = Sebastian et al.,  201510.  
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eTable 2. Age Range (Years) Across Studies and Mean Quadratic Age (Age Squared) in Youths With CP 

Studies Age range 
(years) 

Mean Age CP Youths  
(quadratic term) 

Sterzer et al.,17 2007 6 163.8 

Huebner et al.,18 2008 5 210.3 

De Brito et al.,6 2009 3.3 134.6 

Dalwani et al.,19 2011 4 275.6 

Fahim et al.,20 2011 0 70.6 

Fairchild et al.,7 2011 5 316.8 

Stevens & Haney-Caron,21 2012 1 256.0 

Fairchild et al.,8 2013 6 295.8 

Olvera et al.,22 2014 4 249.6 

Cope et al.,9 2014 4.1 302.8 

Hummer et al.,23 2014 4 234.1 

Michalska et al.,24 2015 2 102.0 

Sebastian et al.,10 2015  6 204.5 

Abbreviations: CP = conduct problems. 
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eTable 3. Group Comparison on IQ Measures, IQ Group Difference Score, and Inclusion of IQ as a Covariate 
Across Studies 

 
Studies 

Group comparison on IQ 
p value 

IQ group 
difference 

IQ included 
in the main 

analysis 

Sterzer et al.,17 2007  .18 6.6 Yes 

Huebner et al.,18 2008 .36 2.2 No 

De Brito et al.,6 2009 <.001 11.5 Yes 

Dalwani et al.,19 2011 .001 7.1 Yes 

Fahim et al.,20 2011 .24 (Block design); .85 
(Vocabulary) 

NA No 

Fairchild et al.,7 2011 .20 2.1 No 

Stevens & Haney-Caron,21 2012 .14 6.1 No 

Fairchild et al.,8 2013 .03 6.0 No 

Olvera et al.,22 2014 .09 6.7 No 

Cope et al.,9 2014 <.001 17.6 No 

Hummer et al.,23 2014 .17 4.2 No 

Michalska et al.,24 2015 IQ data not collected NA No 

Sebastian et al.,10 2015  .06 7.3 No 

Notes: IQ = intelligence quotient; NA = not available.  
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eTable 4. The Diagnostic Instruments Used to Assess CD Symptoms Across Studies and Mean Lifetime CD 
Symptom Severity Score 

Studies CD symptoms 
assessed 

Diagnostic 
instrument 

Lifetime CD 
symptoms 

M (SD) 

Sterzer et al.,17 2007  Yes DCL-SSV NA 

Huebner et al.,18 2008 Yes K-SADS-PL NA 

De Brito et al.,6 2009 No NA NA 

Dalwani et al.,19 2011 Yes DISC 6.44 (2.83) 

Fahim et al.,20 2011 No NA NA 

Fairchild et al.,7 2011 Yes K-SADS-PL 8.30 (2.16) 

Stevens & Haney-Caron,21 2012 Yes K-SADS-PL 6.36 (2.38) 

Fairchild et al.,8 2013 Yes K-SADS-PL 7.59 (2.26) 

Olvera et al.,22 2014 Yes K-SADS-PL 8.17 (2.70) 

Cope et al.,9 2014 Yes K-SADS-PL 11.10 (1.71) 

Hummer et al.,23 2014 Yes K-SADS-PL 4.13 (3.38) 

Michalska et al.,24 2015 Yes DISC NA 

Sebastian et al.,10 2015  No NA NA 

Notes: DCL-SSV = Diagnose-Checklisten Störungen des Sozialverhaltens; K-SADS-PL = Kiddie-
Sads-Present and Lifetime Version; DISC = Diagnostic Interview Schedule; NA = not available 
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eMethods 3. Meta-regression With Age Range and Mean Age in Youths With CP   

The large age range of the samples included in some of the studies (e.g.,8,10,17) is an important point to consider, 
which we6 and others23 have previously identified. Given evidence from other disorders (e.g.,25) that mean age 
of patients is associated with the magnitude of the grey matter difference observed between the clinical and the 
control group, we ran a meta-regression examining this aspect in the youths with CP. Despite the cross-sectional 
nature of the data used here, this type of analysis could provide preliminary information as to whether grey 
matter reductions observed in youths with CP is associated with age and, if so, in which region(s). Because the 
association between age and grey matter in the amygdala/ insula and the superior frontal gyrus follows quadratic 
and cubic functions, respectively (see Tables 2 in 26,27), we used quadratic-age (age-squared) and age-cubic for 
this analysis. This approach is consistent with a number of previous meta-analyses (28,29). The results of that 
analysis are presented in eFigure 1 (analyses using mean quadratic age (age-squared) and age-cubic produced 
the same results, so the age-cubic results are not reported here). 
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eMethods 4. Meta-regression With IQ Group Difference  

Out of the 13 studies, two studies compared groups that differed significantly in terms of IQ, but those studies 
did not include IQ as a covariate of no interest in their main analyses (studies8,9). However, Fairchild et al. 
(2013)8 showed that including IQ as a covariate did not alter their main findings. A third study did not measure 
IQ in their sample so we could not examine its influence on their results (study24). Of the remaining 10 studies, 
two compared groups that did differ on IQ (studies6,19), but included IQ as a covariate in their main analysis, 
while the remaining eight studies compared groups that did not differ on IQ (studies7,10,17,18,20-23). Thus, it 
appears that for all studies, but three, it is unlikely that IQ might have substantially influenced our main results. 

However, across the 13 studies included in our meta-analysis the mean IQ for TD youths (M = 104; SD = 4.27) 
and those with CP (M = 97; SD = 3.71) differed significantly (p < 0.001). Therefore, to investigate the extent to 
which IQ might have influenced our main results, similar to our analysis examining the influence of ADHD and 
age-related effects described above, we conducted an additional meta-regression to examine the influence of IQ 
(as a difference score) on the reported grey matter differences. The results of that analysis are presented in 
eFigure 2. 
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eTable 5. Excluded Studies Based on Selection Criteria 

 

  

No. Studies Title Reason for 
Exclusion 

1 Li et al.,30 2005 Adolescents with disruptive behavior disorder 
investigated using an optimized MR diffusion tensor 
imaging protocol 

Used diffusion tensor 
imaging (DTI) 

2 Finger et al.,31 2012 Impaired functional but preserved structural 
connectivity in limbic white matter tracts in youth with 
conduct disorder or oppositional defiant disorder plus 
psychopathic traits 

Used diffusion tensor 
imaging (DTI) 

3 Passamonti et al.,32 2012 Abnormal anatomical connectivity between the 
amygdala and orbitofrontal cortex in conduct disorder 

Used diffusion tensor 
imaging (DTI) 

4 Sarkar et al.,33 2013 Frontotemporal white-matter microstructural 
abnormalities in adolescents with conduct disorder: A 
diffusion tensor imaging study 

Used diffusion tensor 
imaging (DTI) 

5 Haney-Caron et al.34, 2014 DTI-measured white matter abnormalities in 
adolescents with Conduct Disorder 

Used diffusion tensor 
imaging (DTI) 

6 Zhang, Gao, et al.,35 2014 Sex differences of uncinate fasciculus structural 
connectivity in individuals with conduct disorder 

Used diffusion tensor 
imaging (DTI) 

7 Zhang, Zhu, et al.,36 2014 Increased structural connectivity in corpus callosum 
in adolescent males with conduct disorder 

Used diffusion tensor 
imaging (DTI) 

8 Hyatt et al.,37 2012 Cortical thickness and folding deficits in conduct-
disordered adolescents 

Used surface-based 
rather than voxel-based 
morphometry 

9 Wallace et al.,38 2014 Cortical and subcortical abnormalities in youths with 
conduct disorder and elevated callous-unemotional 
traits 

Used surface-based 
rather than voxel-based 
morphometry 

10 Sarkar et al.,39 2014 Reduced cortical surface area in adolescents with 
conduct disorder 

Used surface-based 
rather than voxel-based 
morphometry 

11 Ermer et al.,40 2012 Aberrant paralimbic gray matter in criminal 
psychopathy 

Did not include a 
comparison with TD 
youths/Report ROI-
based findings only 

12 Ermer et al.,41 2013 Aberrant paralimbic gray matter in incarcerated male 
adolescents with psychopathic traits 

Did not include a 
comparison with TD 
youths/Report ROI-
based findings only 

13 White et al.,42 2013 The relationship between large cavum septum 
pellucidum and antisocial behavior, callous-
unemotional traits and psychopathy in adolescents 

Used manual tracing 
methods 

14 De Brito et al.,43 2011 Small, but not perfectly formed: decreased white 
matter concentration in boys with psychopathic 
tendencies 

Reported structural 
changes in white matter 
concentration 

15 Benegal et al.,44 2007 Gray matter volume abnormalities and externalizing 
symptoms in subjects at high risk for alcohol 
dependence 

Focused on patients at 
risk for alcohol 
dependence 
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eTable 6. Results of the Jack-knife Reliability Analyses of the Main Meta-analysis Findings 

 

 
Notes: Yes, brain region remains significantly decreased following exclusion as part of the jackknife 
sensistivity analysis: No, brain region is no longer significantly decreased in those analyses when the 
dataset is removed. Abbreviations: IFG = inferior frontal gyrus; SFG = superior frontal gyrus.   
a  Results thresholded at p < 0.005, requiring a peak Z > 1 and a cluster extent of 10 voxels.   

 

  

Clustersa Left 
Amygdala  
(-32, 2,-20) 

Left  
Insula  

(-42, 8, -8) 

Right  
Insula  

(36, 20, -16) 

Right IFG  
(48, 20, 2) 

Left SFG  
(-6, 54, 28) 

Left fusiform 
gyrus  

(-34, -78, 16) 

Left postcentral 
gyrus  

(-56, -14, 36)  

Studies        

Sterzer et al.,17 
2007 

Yes Yes Yes Yes Yes Yes No 

Huebner et 
al.,18 2008 

Yes Yes Yes Yes Yes Yes Yes 

De Brito et al.,6 
2009 

Yes Yes Yes Yes Yes Yes No 

Dalwani et al.,19 
2011 

Yes Yes Yes Yes Yes Yes No 

Fahim et al.,20 
2011 

Yes Yes No No Yes Yes Yes 

Fairchild et al.,7 
2011 

Yes Yes Yes Yes No No Yes 

Stevens & 
Haney-Caron,21 
2012 

Yes Yes Yes Yes Yes Yes No 

Fairchild et al.,8 
2013 

Yes No Yes Yes Yes Yes No 

Olvera et al.,22 
2014 

Yes Yes Yes Yes Yes Yes No 

Cope, Ermer, 
Gaudet et al.,9 
2014 

Yes Yes Yes Yes Yes No No 

Hummer et 
al.,23 2014 

Yes Yes Yes Yes Yes No Yes 

Michalska et 
al.,24 2015 

Yes Yes Yes Yes Yes Yes Yes 

Sebastian et 
al.,10 2015 

Yes Yes No Yes No Yes No 
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eTable 7. Results of the Jack-knife Reliability Analyses of the Subgroup Childhood-Onset CP vs TD Youths 
Meta-analysis 

 

 

 

 

 

 

 

 

 
 
 
Notes: 
Yes, brain 

region remains significantly decreased following exclusion as part of the jackknife sensistivity 
analysis: No, brain region is no longer significantly decreased in those analyses when the dataset is 
removed.  
 
 

  

Clusters Left 
Amygdala  

(-26, 0, -12) 

Left 
 Insula  

(-40, 12, -12) 

Right  
Insula  

(42, 18, 2) 

Studies    

Sterzer et al.,17 2007 Yes No No 

Huebner et al.,18 2008 No Yes Yes 

De Brito et al.,6 2009 Yes Yes Yes 

Fahim et al.,20 2011 Yes No No 

Fairchild et al.,7 2011 No Yes Yes 

Michalska et al.,24 2015 Yes Yes Yes 
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eFigure 4. Meta-regression Results Showing an Association Between the Proportions of Male:Female Youths 
With CP and GMV (A) and an Association Between CU Percent of Maximum Possible Scores and GMV (B) 

 

 

 

 

 

 

 

   

Meta-regression results. Slices are shown in the sagittal and axial planes with MNI coordinates of the selected slices 
representing the peak in the x,y,z direction A. Association between the proportion of male compared to female youths with CP 
(N = 394) and gray matter differences in the left amygdala (k = 165 voxels: Intercept = -0.31) and the right inferior temporal 
gyrus (k = 115 voxels: Intercept = 0.75). B. Association between the normalized CU trait (Percent of Maximum Possible) score 
in youths with CP (N = 188) and gray matter differences in the left putamen (k = 14 voxels: Intercept = -0.91). Effect sizes 
(SDM-estimates) used to create the meta-regression plots were extracted from the peak of maximum slope significance. Note 
that this may overestimate the effect that would be observed in a wider anatomical region. The meta-regression SDM-estimate 
value is derived from the proportion of studies that reported gray matter changes near the voxel so it is expected that some 
values are at 0 or near +/- 1. Each included study is represented as a numbered dot, with the dot size reflecting total sample 
size. Large dots indicate total samples > 80 participants; medium dots > 40 participants; and small dots > 20 participants. 
Study key: 1 = Sterzer et al.,200717; 2 = Huebner et al.,200818; 3 = De Brito et al.,20096; 4 = Dalwani et al.,201119; 5 = 
Fairchild et al.,20117; 6 = Fahim et al.,201120; 7 = Stevens et al.,201221; 8 = Fairchild et al.,20138; 9 = Olvera et al.,201422; 10 
= Cope et al.,20149; 11 = Hummer et al.,201423; 12 = Michalska et al.,201524; 13 = Sebastian et al.,  201510. Note, only 5 
studies included a measure of CU traits in youths with CP.  



     © 2015 American Medical Association. All rights reserved. 

eReferences 

1. Radua J, Mataix-Cols D, Phillips ML, et al. A new meta-analytic method for neuroimaging studies that 
combines reported peak coordinates and statistical parametric maps. Eur Psychiatry. 2012;27(8):605-611. 

2. Hedges LV, Olkin I. Statistical Methods for Meta-Analysis. Elsevier Science; 2014. 

3. Radua J, Rubia K, Canales EJ, Pomarol-Clotet E, Fusar-Poli P, Mataix-Cols D. Anisotropic kernels for 
coordinate-based meta-analyses of neuroimaging studies. Front Psychiatry. 2014-February-10 2014;5. 

4. Radua J, Mataix-Cols D. Voxel-wise meta-analysis of grey matter changes in obsessive-compulsive 
disorder. Br J Psychiatry. 2009;195(5):393-402. 

5. Salimi-Khorshidi G, Smith SM, Keltner JR, Wager TD, Nichols TE. Meta-analysis of neuroimaging data: 
A comparison of image-based and coordinate-based pooling of studies. Neuroimage. 2009;45(3):810-823. 

6. De Brito SA, Mechelli A, Wilke M, et al. Size matters: Increased grey matter in boys with conduct 
problems and callous-unemotional traits. Brain. 2009;132(4):843-852. 

7. Fairchild G, Passamonti L, Hurford G, et al. Brain structure abnormalities in early-onset and adolescent-
onset conduct disorder. Am J Psychiatry. 2011;168(6):624-633. 

8. Fairchild G, Hagan CC, Walsh ND, Passamonti L, Calder AJ, Goodyer IM. Brain structure abnormalities 
in adolescent girls with conduct disorder. J Child Psychol Psychiatry. 2013;54(1):86-95. 

9. Cope LM, Ermer E, Gaudet LM, et al. Abnormal brain structure in youth who commit homicide. 
NeuroImage: Clin. 2014;4:800-807. 

10. Sebastian C, De Brito S, McCrory E, et al. Grey Matter Volumes in Children with Conduct Problems and 
Varying Levels of Callous-Unemotional Traits. J. Abnorm. Child Psychol. 2015/09/14 2015:1-11. 

11. Andershed H, Kerr M, Stattin H, Levander S. Psychopathic traits in non-referred youths: A new 
assessment tool. Psychopaths: Current International Perspectives. 2002:131-158. 

12. Frick PJ, Hare RD. The Antisocial Process Screening Device. Toronton, ON: Multi-Health Systems. ; 
2001. 

13. Frick PJ. The Inventory of Callous-Unemotional Traits2003. Located at: Unpublished rating scale, 
University of New Orleans. 

14. Forth AE. Hare Psychopathy Checklist: Youth Version. Mental health screening and assessment in 
juvenile justice. New York, NY: Guilford Press; 2005:324-338. 

15. AmericanPsychiatricAssociation. Diagnostic and statistical manual of mental disorders. 5th ed. 
Washington, DC: Author; 2013. 

16. Frick PJ, Ray JV, Thornton LC, Kahn RE. Can callous-unemotional traits enhance the understanding, 
diagnosis, and treatment of serious conduct problems in children and adolescents? A comprehensive 
review. Psychol Bull. Jan 2014;140(1):1-57. 

17. Sterzer P, Stadler C, Poustka F, Kleinschmidt A. A structural neural deficit in adolescents with conduct 
disorder and its association with lack of empathy. Neuroimage. 2007;37(1):335-342. 

18. Huebner T, Vloet TD, Marx I, et al. Morphometric brain abnormalities in boys with conduct disorder. J Am 
Acad Child Adolesc Psychiatry. 2008;47(5):540-547. 

19. Dalwani M, Sakai JT, Mikulich-Gilbertson SK, et al. Reduced cortical gray matter volume in male 
adolescents with substance and conduct problems. Drug Alcohol Depend. 2011;118(2-3):295-305. 



     © 2015 American Medical Association. All rights reserved. 

20. Fahim C, He Y, Yoon U, Chen J, Evans A, Pérusse D. Neuroanatomy of childhood disruptive behavior 
disorders. Aggress Behav. 2011;37(4):326-337. 

21. Stevens MC, Haney-Caron E. Comparison of brain volume abnormalities between ADHD and conduct 
disorder in adolescence. J Psychiatry Neurosci. 2012;37(6):389-398. 

22. Olvera R, Glahn D, et al. Cortical volume alterations in conduct disordered adolescents with and without 
bipolar disorder. J Clin Med. 2014;3(2):416-431. 

23. Hummer TA, Wang Y, Kronenberger WG, Dunn DW, Mathews VP. The relationship of brain structure to 
age and executive functioning in adolescent disruptive behavior disorder. Psychiatry Res. 2014. 

24. Michalska KJ, Decety J, Zeffiro TA, Lahey BB. Association of regional gray matter volumes in the brain 
with disruptive behavior disorders in male and female children. NeuroImage: Clin. 2015;7(0):252-257. 

25. 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. Am J Psychiatry. 2011;168(11):1154-
1163. 

26. Shaw P, Kabani NJ, Lerch JP, et al. Neurodevelopmental trajectories of the human cerebral cortex. J 
Neurosci. 2008;28(14):3586-3594. 

27. Wierenga L, Langen M, Ambrosino S, van Dijk S, Oranje B, Durston S. Typical development of basal 
ganglia, hippocampus, amygdala and cerebellum from age 7 to 24. Neuroimage. Aug 1 2014;96:67-72. 

28. Radua J, Van Den Heuvel OA, Surguladze S, Mataix-Cols D. Meta-analytical comparison of voxel-based 
morphometry studies in obsessive-compulsive disorder vs other anxiety disorders. Arch Gen Psychiatry. 
2010;67(7):701-711. 

29. Fusar-Poli P, Radua J, McGuire P, Borgwardt S. Neuroanatomical Maps of Psychosis Onset: Voxel-wise 
Meta-Analysis of Antipsychotic-Naive VBM Studies. Schizophr Bull. November 10, 2011 2011. 

30. Li T-Q, Mathews VP, Wang Y, Dunn D, Kronenberger W. Adolescents with Disruptive Behavior Disorder 
Investigated Using an Optimized MR Diffusion Tensor Imaging Protocol. Ann N Y Acad Sci. 
2005;1064(1):184-192. 

31. Finger EC, Marsh A, Blair KS, et al. Impaired functional but preserved structural connectivity in limbic 
white matter tracts in youth with conduct disorder or oppositional defiant disorder plus psychopathic traits. 
Psychiatry Res. 2012;202(3):239-244. 

32. Passamonti L, Fairchild G, Fornito A, et al. Abnormal Anatomical Connectivity between the Amygdala 
and Orbitofrontal Cortex in Conduct Disorder. PLoS ONE. 2012;7(11). 

33. Sarkar S, Craig MC, Catani M, et al. Frontotemporal white-matter microstructural abnormalities in 
adolescents with conduct disorder: A diffusion tensor imaging study. Psychol Med. 2013;43(2):401-411. 

34. Haney-Caron E, Caprihan A, Stevens MC. DTI-measured white matter abnormalities in adolescents with 
Conduct Disorder. J Psychiatr Res. 2014;48(1):111-120. 

35. Zhang J, Gao J, Shi H, et al. Sex differences of uncinate fasciculus structural connectivity in individuals 
with conduct disorder. BioMed Research International. 2014;2014. 

36. Zhang J, Zhu X, Wang X, et al. Increased structural connectivity in corpus callosum in adolescent males 
with conduct disorder. J Am Acad Child Adolesc Psychiatry. 2014;53(4):466-475.e461. 

37. Hyatt CJ, Haney-Caron E, Stevens MC. Cortical thickness and folding deficits in conduct-disordered 
adolescents. Biol Psychiatry. 2012;72(3):207-214. 



     © 2015 American Medical Association. All rights reserved. 

38. Wallace GL, White SF, Robustelli B, et al. Cortical and subcortical abnormalities in youths with conduct 
disorder and elevated callous-unemotional traits. J Am Acad Child Adolesc Psychiatry. 2014;53(4):456-
465.e451. 

39. Sarkar S, Daly E, Feng Y, et al. Reduced cortical surface area in adolescents with conduct disorder. Eur 
Child Adolesc Psychiatry. 2014/12/07 2014:1-9. 

40. Ermer E, Cope LM, Nyalakanti PK, Calhoun VD, Kiehl KA. Aberrant Paralimbic gray matter in criminal 
Psychopathy. J Abnorm Psychol. 2012;121(3):649-658. 

41. Ermer E, Cope LM, Nyalakanti PK, Calhoun VD, Kiehl KA. Aberrant paralimbic gray matter in 
incarcerated male adolescents with psychopathic traits. J Am Acad Child Adolesc Psychiatry. 
2013;52(1):94-103. 

42. White SF, Brislin S, Sinclair S, Fowler KA, Pope K, Blair RJR. The relationship between large cavum 
septum pellucidum and antisocial behavior, callous-unemotional traits and psychopathy in adolescents. J 
Child Psychol Psychiatry. 2013;54(5):575-581. 

43. De Brito SA, McCrory EJ, Mechelli A, et al. Small, but not perfectly formed: decreased white matter 
concentration in boys with psychopathic tendencies. Mol Psychiatry. 2011;16(5):476-477. 

44. Benegal V, Antony G, Venkatasubramanian G, Jayakumar PN. Gray matter volume abnormalities and 
externalizing symptoms in subjects at high risk for alcohol dependence. Addict Biol. 2007;12(1):122-132. 

 


