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Symptom based gray and white matter densities in schizophrenia 
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•There was no significant difference in age between NC (mean age=31.51, SD=7.88) and SZ (mean age=32.08, 
SD=6.96), p=0.735.  
•No significant differences were found between male groups or female groups. NC-M had a mean age of 30.50, 
SD=7.85 (p=0.677), NC-F aged 32.68 SD=7.96 (p=0.988). 
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Our group has studied the relation between cortical gyrification and symptoms in males and 
females with schizophrenia (Mancini-Marie et al., 2015). Our results showed that male 
schizophrenia patients had inverse correlations between the cortical gyrification index (GI) in the 
left occipital cortex and negative symptoms, while female patients had positive correlations 
between GI in the right occipital cortex and negative symptoms. In addition, overall more severe 
cortical abnormalities were observed in male patients. An important and unanticipated finding 
was the fact that symptoms correlated only with the cortical gyrification of the occipital lobe, 
while abnormalities in cortical gyrification in our group of schizophrenia patients in comparison 
to normal controls were found in several other cerebral regions. 

We hypothesized that deeper grey and white matter structures would be associated with 
symptoms of schizophrenia and that this relationship would show sex differences. We expected 
changes in fronto-limbic structures to be differentially associated with PANSS scores. 
Particularly, we hypothesized that (1) gray and white matter densities in fronto-limbic region 
would differ between schizophrenia patients and normal controls, (2) these regions would 
differ in relation to the PANSS positive versus negative symptoms and that (3) males with 
schizophrenia would show more sever grey and white matter abnormalities than females with 
schizophrenia. 

The main purpose of the present study was to investigate the relationship between 
schizophrenia symptoms and gray and white matter densities and the effect of sex on this 
relationship using DARTELvoxel- based morphometry.  A
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Hormones (prolactin, testosterone, 

progesterone, estrogen, cortisol, 

glucose) 

Bem Sex-Role Inventory (BSRI ) 

Positive and negative symptom Scale 

Brief Psychiatric rating Scale (BPRS)  

Calgary depression symptom scale (CDSS) 3  

20 men (SZ-M) and  
20 women (SZ-W)  

fulfilling DSM-IV criteria  
for  schizophrenia (stable)1 , 2, 3 

Signed Informed Consent 

22 normal  
control men (NC-M)  

and 20 normal  
control women (NC-F) 3 

Screening  
Assessment 

test MRI 
T1 scans 

Grey matter densities (GMd) were  
measured in High resolution T1-weighted-

3D volumes acquired on a 3Tesla MRI 
Siemens/TRIO system, using Voxel-Based-

Morphometry (VBM) in SPM8 

CSF GM WM T1 

Image and statistical analyses 

Statistical Parametric Mapping (SPM8, Wellcome Department of Cognitive Neurology) 

implemented in MATLAB R2010a (Mathworks, Sherborn, MA) was used for image analyses. Images 

were converted to NIFTI format and processed using the latest version of SPM8. All 81 subjects passed 

the SPM8 data quality control. Images were analyzed using the Diffeomorphic Anatomical Registration 

Through Exponentiated Lie Algebra (DARTEL) toolbox in the latest 

version of SPM8 used for voxel-based morphometry (VBM). We used VBM to assess the voxelwise 

comparison of the local concentration/volume of GM and WM between groups (NC and SZ), then within 

the SZ (multiple-regression with the PANSS). Total GMD, WMD and total brain volume were obtained 

from calculated raw volumes in 

the VBM8 toolbox. The segmented images were visually inspected, then imported to DARTEL for 

warping procedure, and finally iteratively aligned to the average template. During DARTEL warping, the 

segmented images were modulated with Jacobian determinates to preserve volume changes. Expert 

users carefully evaluated each step to check for normalization or segmentation errors. For more details 

please refer to Ashburner et al., (2007, 2009) (Ashburner, 2007; Ashburner et al., 2009) and 

http://www.fil.ion.ucl.ac.uk/spm/software/spm8/SPM8_Release_Notes.pdf 

1. All patients were in a stable phase 
of their illness (defined as no relapse 
within the last two months and no 
change in their antipsychotic 
treatment within the last month). 
2. All the patients received at least 
one atypical antipsychotic 
(chlorpromazine equivalence was 
calculated) (Woods, 2003). 
3. General exclusion criteria 
included: age below 18 or above 45 
years, past or present neurological or 
Axis-I psychiatric disorder, alcoholism 
or drug abuse, noncompliance with 
testing procedures, abnormal 
uncorrected vision, or any contra-
indication for MRI such as a cardiac 
pacemaker, an aneurysm clip, a 
metal prostheses or cardiac valve 
replacement, the presence of metal 
in an eye or any part of the body, 
certain dental work, or 
claustrophobia.  
 
All psychiatrique evaluations were 
performed by experienced 
psychiatrists. 

Demographics of schizophrenia patients 
 Males Females P value 

 Mean (SD) Mean (SD)  

Age 31.50 (7.55) 32.65 (6.46) 0.608 

Years of education 11.20 (2.06) 12.25 (3.47) 0.253 

Age of onset 19.89 (2.97) 24.40 (7.75) 0.007 

Duration of illness (years) 11.57 (7.74) 8.25 (5.70) 0.136 

Parental socio-educational status 2.82 (.612) 2.62 (1.06) 0.470 

Chlorpromazine equivalence 722.50 (383.74) 443.33 (280.94) 0.012 

 

 

Brain region K (voxels) t(p<0.05 PFDR- corr) MNI 

coordinates  

GM anterior cingulate cortex (BA32) 336 6.02 (0, 44, 10) 

HC > Sch Middle temporal cortex (BA21) 373 5.97 (-59, -1, -21) 

GM 

Sch > HC 

Posterior cingulate 230 4.02 (-30, -63, 16) 

WM Inferior frontal rectal 130 4.12 (-6, 21, -23) 

HC > Sch Posterior parietal  138 3.72 (-9, -48, 66) 

GM Region K T MNI 

PANSS positive L Insula 523 4.68 -42, -42, 18 

R Caudate 195 4.21 35, -16, -9 

PANSS negative R Middle Frontal 467 5.03 38, 36, 42 

R Cerebellum posterior lobe Uvula 206 4.57 39, -84, -21 

WM Region K T MNI 

PANSS positive R Middle frontal 240 3.82 27, 57, -8 

PANSS negative R superior frontal 72 4.32 14, 56, 24 

GM Region K T MNI 

PANSS positive R Parietal lobe precuneus 125 -3.04 6, -72, 52 

L Cerebellum posterior lobe Uvula 219 -3.45 -9, -88, -21 

PANSS negative L Cerebellum anterior lobe 106 -3.87 -5, -52, -23 

WM Region K T MNI 

PANSS positive R Inferior occipital  124 -4.03 44, -82, -8 

R Cuneus occipital 145 -3.88 21, -94, -2 

PANSS negative L superior frontal 311 -4.97 -8, 18, 60 

Regression analyses in males with schizophrenia and symptoms 
In male patients negative correlation between ideas of grandiosity and WMD (r=.551, r2=.303, t=-
2.639, p=.018) were found. Positive correlation was also found between disorientation and WMD 
(r=.545, r2=.297, t=2.598, p=.019), and attention deficits and GMD (r=.466, r2=.217, t=2.108, p=.05) 
and WMD (r=.463, r2=.214, t=2.089, p=.05).  
Females with schizophrenia showed no correlations between brain densities and symptoms. 

 

 

Healthy controls Schizophrenia patients P value 

Mean SD Mean SD 

Block design from WAIS-III 
12.03 3.289 9.12 3.198 

0.001 

Similitudes from WAIS-III 
11.36 2.653 7.27 2.293 

0.001 

Vocabulary from WAIS-III 
10.44 2.259 6.24 2.465 

0.001 

Raven percentile 
80.56 18.320 50.99 24.827 

0.001 

Years of education 
18.41 3.88 11.72 2.87 

0.001 

Cognitive behavioural assessments in 

schizophrenia patients and healthy controls 

•Our results shed further light on the neuroanatomical underpinnings of psychosis, providing insights into the 
physiological nature of positive versus negative symptoms.  
•Our study provides neurobiological evidence on the validity of a combination of overlapping and differing brain 
structural neuropsychopathology assessed by the PANSS.  
•Our results reject the notion that all patients might share a core network of neuropathology. To this end, future 
studies should investigate the correlation between individual symptoms and specific cerebral regions. 
•Neuroanatomical abnormalities are insufficiently sensitive to be individually or collectively diagnostic of the 
disease (or its prognosis/etiology) and need to be integrated into a clinically validated model, which would 
permit a coherent approach towards early detection, prevention, and treatments. 
•Considerable heterogeneity remains across studies investigating changes in GM and WM structures in 
schizophrenia. Despite the diligent efforts to control for age, sex, medications, and disease onset, 
heterogeneous symptoms could contribute to inconsistent findings.  
•Our group previously advocated that future studies should group large number of patients by symptom 
dimensions (1,2,3,4,5).   
•Taking into account the importance of sex differences in schizophrenia studies, using the symptoms’ 
dimensional approach in schizophrenia may be important for elucidating the core pathophysiology of this 
illness.  

•We should consider the limitations of the present study such as potential effects of 

antipsychotic medication (past and current).  

•Our clinical assessment was not exhaustive. We used only one scale to assess the 

positive and negative symptoms (i.e., the PANSS). Hence, we anticipate in our future 

research to investigate the association of the regions within each of the positive and NS 

using further scales. 
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