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Participant characterisation 
Neuroimaging data from 220 patients with schizophrenia/schizoaffective 

disorder and 168 healthy controls aged 18-65 was obtained from the Australian 
Schizophrenia Research Bank (ASRB), a register of research data collected by 
scientific collaborators across five Australian sites. ASRB exclusion criteria for 
participants included: i) a history of organic brain disorder, ii) electroconvulsive 
therapy in the previous 6 months, iii) current substance dependence, iv) movement 
disorders, v) brain injury with post-traumatic amnesia or vi) an IQ < 70. Healthy 
controls with a personal or family history of psychosis or bipolar I disorder were also 
excluded. Detailed information regarding the consent procedures are available 
elsewhere 1. The Diagnostic Interview for Psychosis 2 was used to obtain clinical 
symptom ratings and confirm patient diagnoses according to ICD-10 or DSM-IV 
criteria. The Scale for the Assessment of Negative Symptoms 3 was used to assess 
negative symptoms.  

 
Freesurfer processing 

Image processing was conducted using the Freesurfer software package (version 
5.1.0, http://surfer.nmr.mgh.harvard.edu/), which consists of a volume-based and a 
surface-based stream5-8. The automated volume-based stream was used to extract 
mean volume estimates for ICV (estimate based on the talairach transform), TBV 
(brain segmentation volume without ventricles) and subcortical and cortical areas 
across the whole brain.  The surface-based pipeline was used to extract cortical 
thickness and surface area measurements through the reconstruction of a three-
dimensional cortical surface model. This includes segmentation of the pial surface and 
the grey/white matter boundaries for each hemisphere, using image intensity and 
continuity information from the MRI volume. Surfaces were initially inspected for 
skull stripping and surface boundary defects. Inaccuracies in outlining cortical 
surfaces and brain structures were manually corrected with Freesurfer’s editing tools 
in accordance with an internal, standardized quality control and editing protocol. 
Edited images were then reprocessed through the Freesurfer pipeline and the output 
visually inspected again. This process was repeated until all surface errors were 
corrected, and any images that failed this process were excluded from analysis. Four 
trained raters performed the Freesurfer processing and manual correction, blind to 
participant diagnosis. Inter-rater reliability of the final volume estimates (after 

http://surfer.nmr.mgh.harvard.edu/
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correction) was calculated for 34 brain regions from a subset of 20 volumes. The 
intra-class coefficient (ICC) was >.90 for all regions except for the left (0.72) and 
right (0.59) temporal pole and the left (0.81) and right (0.82) frontal pole. 

Thickness measures were obtained by calculating the shortest distance 
between the grey/white matter boundary and the pial surface at vertices on a uniform 
triangular grid with 1mm spacing across the cortex. The surface area was obtained 
using the shortest distance between vertices on the white surface. All global, 
subcortical and cortical measurements were extracted using Freesurfer version 5.3 due 
to the ‘BrainSegNotVent’ (TBV measure) not being provided with version 5.1. All 
regional cortical measurements were obtained using the Desikan-Killiany brain atlas9.  
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eFigure 1. Premorbid and current cognitive functioning in controls and patients of the three cognitive subgroups in the imaging sample.  

CIQ=Compromised patients; DIQ = Deteriorated patients; PIQ= putatively Preserved patients; HC= healthy controls. Z scores are standardised 
against control means and standard deviations (M=0, SD=1) 
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Supplementary Table 1. Comparisons of ICV, TBV and ICV adjusted for TBV as well as global brain structural volume and thickness estimates 
for regions surviving FDR correction. 
Measure ANCOVA Sub-group M SD dc Comparison 

ICVa F(3,378)=.64, p>.05 CIQ 1591372.09 125257.67 -.21d - 

  DIQ 1611178.57 123211.70 -.05 - 

  PIQ 1600990.95 122396.35 -.13 - 

  HC 1617294.57 125481.18   

TBVa F(3,378)=2.48, p>.05 CIQ 1147212.98 96778.72 -.41d - 

  DIQ 1168923.91 95175.10 -.19 - 

  PIQ 1161794.74 94990.25 -.26 - 

  HC 1186722.47 96928.10   

TBV (adjusted for ICV) 
 

F(3,378)=4.31, p=.005 CIQ 1159778.03 43210.01 -.70d <HC 

DIQ 1167069.29 42195.70 -.48 <HC 

PIQ 1167650.56 42382.48 -.46 <HC 

HC 1181409.03 4324.08  - 

LH Cortex Volume 
 

F(3,377)=11.14, p<.001 CIQ 238850.13 11330.24 -.91d <HC&DIQ&PIQ 

DIQ 244718.10 11128.30 -.39 <HC 

PIQ 243795.41 11111.56 -.48 <HC 

HC 249139.70 11342.72  - 

RH Cortex Volume 
 

F(3,377)=11.02, p<.001 CIQ 239589.31 11604.56 -.91d <HC&DIQ&PIQ 

DIQ 245578.35 11397.80 -.40 <HC 

PIQ 245082.65 11380.66 -.44 <HC 

HC 250180.09 11617.34  - 

Total Cortex Vol 
 

F(3,377)=11.24, p<.001 CIQ 478439.45 22763.99 -.92d <HC&DIQ&PIQ 

DIQ 490296.45 22358.30 -.40 <HC 



5 
 

Measure ANCOVA Sub-group M SD dc Comparison 

PIQ 488878.07 22324.67 -.46 <HC 

HC 499319.78 22788.99  - 
Total Gray Matter Vol 
 

F(3,377)=7.89, p<.001 CIQ 676700.32 28673.55 -.75d <HC&DIQ 

DIQ 687954.34 28162.50 -.36 <HC 

PIQ 686762.35 28120.08 -.40 <HC 

HC 698258.27 28704.97  - 

RH Thicknessb 
 

F(3,378)=14.47, p<.001 
 

CIQ 87.70 3.15 -.85d <HC 

DIQ 88.51 3.10 -.61 <HC 

PIQ 88.33 3.07 -.67 <HC 

HC 90.43 3.24  - 

LH Thicknessb 
 

F(3,378)=15.55, p<.001 
 

CIQ 87.19 3.08 -.88d <HC 

DIQ 88.03 3.10 -.61 <HC 

PIQ 87.70 3.07 -.72 <HC 

HC 89.92 3.11  - 

Total Thicknessb 
 

F(3,378)=14.62, p<.001 
 

CIQ 174.89 6.17 -.88d <HC 

DIQ 176.55 6.00 -.62 <HC 

PIQ 176.03 6.06 -.70 <HC 

HC 180.35 6.22  - 
a TBV and absolute did not survive FDR correction. All other p’s significant when thresholded using a False Discovery Rate of 5%;  
b Adjusted for age, gender, site. All other values adjusted for age, gender, site and ICV 
c Patient-control effect sizes in Cohen’s d 
d Qualitatively, CIQ show the greatest reductions relative to HC 

Abbreviations: CIQ=Compromised schizophrenia patients; DIQ = Deteriorated schizophrenia patients; PIQ=Preserved schizophrenia patients 
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Supplementary Table 2. Comparisons of ICV, TBV and ICV adjusted for TBV using Voxel Based Morphometry-generated values.  

 Effect Sub-
group 

M SD db 

ICV F(3,376)=.59, p>.05 CIQ 1452.27 111.18 -.20 c 
  DIQ 1470.94 108.80 -.04 
  PIQ 1462.62 108.12 -.11 
  HC 1474.93 110.16  
TBV F(3,376)=1.40, p>.05 CIQ 1220.90 102.00 -.31 c 
  DIQ 1240.74 99.80 -.12 
  PIQ 1233.77 99.15 -.19 
  HC 1252.73 101.09  
TBV (adjusted for 
ICV) 
 

F(3,375)=3.21, p>.05a CIQ 1235.53 28.77 -.41c 
DIQ 1238.93 28.10 -.30 
PIQ 1239.28 27.93 -.29 
HC 1247.40 28.51  

a Uncorrected value was significant at p<.05. No measures survived FDR correction (5% threshold)  
b Patient-control effect sizes in Cohen’s d 

c Qualitatively, CIQ show the greatest reductions relative to HC. 

Abbreviations: CIQ=Compromised schizophrenia patients; DIQ = Deteriorated schizophrenia patients; PIQ=Preserved schizophrenia patients; 
d= patient-control effect sizes in Cohen’s d.  



7 
 

References 
 

1. Loughland C, Draganic D, McCabe K, et al. Australian Schizophrenia 
Research Bank: a database of comprehensive clinical, endophenotypic and 
genetic data for aetiological studies of schizophrenia. Aust N Z J Psychiatry 
2010;44(11):1029-1035. 

2. Castle DJ, Jablensky A, McGrath JJ, et al. The diagnostic interview for 
psychoses (DIP): development, reliability and applications. Psychol Med 
2006;36:69-80. 

3. Andreasen NA. Scale for the Assessment of Negative Symptoms. 1984. 
4. Wells R, Swaminathan V, Sundram S, et al. The impact of premorbid and 

current intellect in schizophrenia: cognitive, symptom, and functional 
outcomes. npj Schizophrenia 2015;1:15043. 

5. Dale AM, Fischl B, Sereno MI. Cortical surface-based analysis: I. 
Segmentation and surface reconstruction. Neuroimage 1999;9(2):179-194. 

6. Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis: II: inflation, 
flattening, and a surface-based coordinate system. Neuroimage 1999;9(2):195-
207. 

7. Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex 
from magnetic resonance images. Proceedings of the National Academy of 
Sciences 2000;97(20):11050-11055. 

8. Fischl B, Salat DH, Busa E, et al. Whole brain segmentation: automated 
labeling of neuroanatomical structures in the human brain. Neuron 
2002;33(3):341-355. 

9. Desikan RS, Ségonne F, Fischl B, et al. An automated labeling system for 
subdividing the human cerebral cortex on MRI scans into gyral based regions 
of interest. Neuroimage 2006;31(3):968-980. 

 


