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Résumé

Nous avons étudié I'association entre les
phénotypes des densités dans matiére grise
(GMD) et de la substance blanche (WMD) et
les symptdmes positifs (PS) et négatifs (NS)
chez 40 patients schizophrenes (SZ). Les
densités cérébrales ont été comparées a 41
témoins normaux (NC) appariés pour I'age et
le sexe en utilisant la morphométrie a base de
voxel sur d'images IRM T1-3T. Nous avons
constaté une diminution de la GMD dans le
gyri cingulaire-temporal antérieur et une

augmentation de la GMD dans le gyrus

cingulaire postérieur en SZ par rapport a NC.
Une réduction des WMD a été observée dans
les régions frontal inferieur et pariétales
postérieures chez le SZ par rapport a la NC.
La GMD dans linsula/caudate était corrélée
avec les scores PS, tandis que la GMD dans
le gyrus frontal moyen et le cervelet étaient en
corrélation avec les scores. Le WMD dans les
régions frontales moyennes et frontales
supérieures étaient corrélées avec les scores
de PS et le NS respectivement. Des
corrélations inverses ont été trouveées entre la

GMD dans le lobe pariétal et la vermis avec
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les scores PS. Une corrélation inverse a été
trouvée entre la GMD dans le cervelet et les
scores NS. Une corrélation inverse a
également été trouvée dans les WMD de la
région occipitale et des régions frontales
supérieures avec les scores de PS et NS
respectivement. La comparaison entre les
groupes hommes a révélé une diminution du
GMD total chez les patients hommes, tandis
gu’aucune différence n’a été observée entre
les groupes femmes. Ces résultats
corrélationnels suggerent que les profils de
symptdbmes dans la schizophrénie montrent

des phénotypes GM / WM uniques

Mots clés: schizophrénie, symptdomes
positifs et négatifs, densité de matiére grise et

blanche, morphométrie a base de voxel.

Abstract
We investigated the association between
phenotypes of gray matter density (GMD) and
white matter (WMD) phenotypes and positive
(PS) and negative (NS) symptoms in 40
patients  (SZ).

densities were compared with 41 normal

schizophrenia Cerebral
controls (NC) matched for age and sex using
voxel-based morphometry on T1-3T-MRI. We
found decreased GMD in the anterior
cingulate-temporal gyri and increased GMD in
the posterior cingulate gyrus in SZ relative to
NC. We found WMD reduction in the inferior
frontal and posterior parietal regions in SZ
relative to NC. GMD in the insula/caudate

correlated with PS scores, while GMD in the
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middle frontal gyrus and cerebellum correlated
with NS scores. WMD in the middle frontal and
superior frontal regions correlated with PS
scores and NS scores respectively. We found
invers correlations between GMD in the
parietal lobe and the uvula with PS scores. We
found an inverse correlation between GMD in
the cerebellum and NS scores. We also found
an inverse correlation in the WMD of the
occipital region and superior frontal regions
with  PS and NS scores respectively.
Comparison between male groups revealed
decreased total GMD in male patients, while
we observed no differences between female
groups. These correlational findings suggest
that symptom profiles in schizophrenia show

unique GM/WM phenotypes.

Keywords: schizophrenia, positive and
negative symptoms, gray and white matter

density, voxel based morphometry.

1. Introduction

Schizophrenia is thought to be underpinned by
neurodevelopmental abnormalities of brain
gray matter and white matter function,
structure and connectivity (Jablensky, 2010).
To date, schizophrenia patients are mainly
diagnosed using subjective criteria of
psychiatric diagnostic manuals (DSM and
ICD). These definitions emphasize the co-
occurrence of positive symptoms (PS) (i.e.,
hallucinations, delusions, and paranoid
ideation), and negative symptoms (NS) (i.e.,

poverty of thought and loss of motivation) (Kay
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et al., 1987). These definitions are markedly
heterogeneous and patients diagnosed with
schizophrenia do not necessarily share
common symptoms. There is increasing
clinical evidence that schizophrenia is a
disorder of integration of information between

specialized brain regions.

There are well established findings of
anatomical differences in GM and WM in
patients with schizophrenia. Notable findings
are reported for the prefrontal cortex (including
the anterior cingulate), the superior temporal
gyrus, the limbic system (medial temporal
lobe, hippocampus, entorhinal cortex, and
amygdala) as well as in the basal ganglia,
insula, the thalamus, and the cerebellum
(Aleman-Gomez et al. 2020, Sepede et al.,
2014). The heterogeneity of the findings do not
easily allow for a parsimonious or singular
substrate  for

anatomic schizophrenia

phenotypes.

To date, among the most robust biological
markers of pathology in schizophrenia are the
alterations in brain structure correlated with
symptoms  detected using magnetic
resonance imaging (MRI). An attempt to
correlate each of these brain regions to
specific symptoms might help advance our
way to discovering true endophenotypes.
Additionally, the identification of GM and WM
structural correlates with symptomatology
comparing between/within schizophrenia and

other brain disorders might unveil the
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underlying genetic and pathophysiological
bases and pinpoint better-tailored therapeutic
targets. For example, the analysis of the
National Institute of Mental Health, Clinical
Antipsychotic Trials of Intervention
Effectiveness (CATIE) schizophrenia trial,
stated that NS have greater impact on
functioning than PS because of their
undetermined etiology and resistance to
treatment (Kring et al., 2013). Grouping
patients by specific genetic, neuroanatomical
and symptoms endophenotypes (Jablensky,

2006) may yield more specific findings.

Sex differences have an important impact on
symptoms in schizophrenia. Ochoa et al,
(2012)  report  higher

schizophrenia in men, as well as

incidence of

phenomenological differences by gender. The
presence of negative symptoms in males with
schizophrenia compared to females is a
consistent finding in the literature, and is
typically twice as severe in males than in
females (Zhao et al., 2022; Andreasen et al.,
1990; Chang et al., 2011; Ring et al., 1991).
The stability of positive and negative
symptoms has been also shown to be affected
by the sex of patients. Mancevski and
colleagues (2007) reported significant
decreases in positive symptoms and
increases in negative symptoms over the
course of the illness, which were particularly
pronounced in males. Neurostructural
differences in males and females with
schizophrenia have also been reported.

Imaging studies on sex—dependent brain
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abnormalities have consistently reported more
severe disturbance in males than in females
with schizophrenia: these include reduced
prefrontal volumes, reduced anterior temporal
horn and medial temporal lobe volumes, more
specifically amygdala, hippocampus, superior
temporal and larger ventricular-brain ratios
(VBR) (Andreasen et al., 1990; Gur et al.,
2000). Few studies address the relation
between differences in brain structure and

symptoms in males and females.

Our group has studied the relation between
cortical gyrification and symptoms in males
and females with schizophrenia (Mancini-
Marie et al., 2018). Our results showed that
male schizophrenia patients had inverse
correlations between the cortical gyrification
index (Gl) in the left occipital cortex and
negative symptoms, while female patients had
positive correlations between Gl in the right
occipital cortex and negative symptoms. In
addition, we observed more severe cortical
abnormalities in male patients. We found an
important and unanticipated result, 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 observed in several
other cerebral regions.

The main purpose of the present study was to
investigate the relation between schizophrenia

symptoms and gray and white matter densities
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and the effect of sex on this relation using
DARTEL- voxel-based morphometry. In this
paper, the term “density”’refers to the
concentration of GM within a region. We use
“voxels” to express concertation/density
values. Voxels based Morphometry uses
probabilistic segmentation established from
histological and partial volume effects that
indirectly reflects both neuronal density and
myelination (Eickhoff et al. 2005) We
hypothesized that grey and white matter
structures would be associated with symptoms
of schizophrenia and that this relation 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.

2- Methods
2.1 Participants

Eighty-one subjects were included in this
study: 41 normal controls (NC) (22 males
[NC-M] and 19 females [NC-F]) and 40
individuals SZ diagnosed with schizophrenia
(SZ) (20 males [SZ-M] and 20 females [SZ-F])

according to DSM-IV criteria (American
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Psychiatric Association, 2000). All patients
were in a stable phase of their iliness (defined
as no relapse within the last two months and
no change in their antipsychotic treatment
within the last month). The groups were
matched for age, sex, handedness (Edinburgh
Inventory) (Oldfield, 1971) and parental
socioeconomic status (National Occupational
Classification (NOC).

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. In
addition, we found no significant differences
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).

Experienced psychiatrists reevaluated all
patients before being assigned to the research
group according to DSM-IV criteria. We
excluded affective, schizoaffective, and
schizophreniform psychoses. Control
participants were screened with the non-
patients edition of the Clinical Interview for
DSM-III (SCID) (Spitzer et al., 1992). The
positive and negative syndrome scale
(PANSS) was used to rate symptom severity
(Kay et al., 1987; Kay et al., 1988). The date
of iliness onset was defined as the date of 1°
psychiatric consultation, for lack of reliable
information from family members and patients.
Schizophrenia has common symptoms with
other psychiatric disorders, such as bipolar
disorder, personality disorders, etc., therefore

a psychiatric consultation favors a better

Atrticle

Cortica 2022. 1(2), 276-281
https://doi.org/10.26034/cortica.2022.3135
diagnosis. All the patients received at least
one atypical antipsychotic (chlorpromazine

equivalence was calculated) (Woods, 2003).

General exclusion criteria included: age below
18 or above 45 years, past or present
neurological or Axis-l 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.

In agreement with the Declaration of Helsinki,
written informed consent was obtained prior to
participation in the experiment. The ability of
schizophrenia patients to give informed
consent was established using the guidelines
of the Canadian Psychiatric Association. The
ethics committees of the Fernand-Seguin
Research Center of the Louis-H Lafontaine
Hospital and the Regroupement
Neuroimagerie Québec approved the study.
Full details of subject characteristics are given

in Table 1.

All  normal control participants were
medication naive, with no history of
neurological or psychiatric disease. No
abnormalities were observed on their brain

structural MRIs.
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Table 1. Demographics of schizophrenia patients

Males
Mean (SD)

Females
Mean (SD)

P value
df=38

Age 3150 (7.55
11.20 (2.06
19.89 (2.97
1157 (7.74

Parental socio-educational status ~ 2.82 (.612)

Years of education

Age of onset

)
)
)
Duration of illness (years) )

Chlorpromazine equivalence

32.65 (6.46)
1225 (3.47)
24.40 (7.75)
8.25 (5.70)
2.62 (1.06)

0.608
0.253
0.007
0.136
0.470

722.50 (383.74) 443.33 (280.94) 0.012

For high definition images please see annex

2.2 Image acquisition

Eighty-one individual high-resolution co-
planar anatomical images were acquired using
an 12-channel headcoil (three-dimensional,
spoiled gradient echo sequence; sagittal
orientation, slices=176, scan time 9:38 min,
slice thickness=0.98 mm, TR=19 ms,
TE=4.92ms, flip angle=25°; matrix 256x256
voxels, FOV: 256x256 mm, isotropic voxels
1.0 x 1.0 x 1.0mm) on a MRI Siemens TRIO-
TIM system (Total Imaging Matrix) at 3.0 Tesla
operating at the University of Montreal

Geriatric Institute.

2.3 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 SPM8.

All 81 subjects passed the SPM8 data quality
control. Images were analyzed using the

Diffeomorphic Anatomical Registration

Article

Cortica 2022. 1(2), 276-281
https://doi.org/10.26034/cortica.2022.3135

Through
(DARTEL) toolbox in SPM8 used for voxel-
based morphometry (VBM). We used VBM to

assess the voxel-wise comparison of the local

Exponentiated Lie  Algebra

concentration/volume of GM and WM between
groups (NC and SZ), then within the SZ
(multiple-regression with the PANSS).

DARTEL toolbox uses a high dimensional

warping process that increases the
registration between individuals, which results
in improved localization and increased
sensitivity in analyses (Ashburner, 2007).
Processing begins with the “import” step. This
involves taking the parameter files produced
by the segmentation, and writing out rigidly
transformed versions of the tissue class
images, such that they are in as close
alignment as possible with the tissue
probability maps. The second step is the
registration itself. It involves the simultaneous
registration of GM with GM and WM with WM.
This procedure begins by creating a mean of
all the images, which is used as an initial
template. Deformations from this template to
each of the individual images are computed,
and the template is then re-generated by
applying the inverses of the deformations to
the images and taking their average. Following
this, warped versions of the images can be
generated. These steps improve
computational anatomy providing more easily
interpreted voxel-based morphometry (VBM),
and better parameterization of brain shapes.
The normalized gray matter GM and WM

maps were then modulated with the resulting

© MANCINI-MARIE, A. 2022

498



Cortica

www.revue-cortica.net | ISSN : 2813-1940

Jacobian determinant maps and smoothed

with an 8-mm FWHM Gaussian kernel.

Total GMD, WMD and total brain volume were
obtained from calculated raw volumes in the
VBMS8 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) and
http://www fil.ion.ucl.ac.uk/spm/software/spm
8/SPM8_Release_Notes.pdf

In SPM8 VBM, all statistical analyses used the
general linear model (GLM), which is used to
identify regions of GM and WM
concentration/volume that are significantly
related to a specific variable (Ashburner et al.,
2001). We conducted an exploratory whole-
brain analysis. VBM is not biased to one
particular structure, which permits an even-
handed and comprehensive assessment of
anatomical differences throughout the brain
(Ashburner et al., 2001). All reported brain
regions were examined at a threshold
corrected for multiple comparisons (FWE-
corrected at cluster-level, p<0.05). All
coordinates are reported in Montreal
Neurological Institute (MNI) format. Using the

tool Talairach Applet
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(http://www.talairach.org/applet.html) the
anatomic location of significant clusters was
detected. We used SPM to perform group
structural differences and to perform
exploratory whole brain correlation analyses

with PANSS positive and negative symptoms.

2.4 Automatic Linear Modeling (ALM)

We further conducted a prediction model using
the Automatic Linear Modeling (ALM) in
SPSS21.

We fitted an ALM for GMD and WMD
separately with covariates as age, sex,

duration of illness, age of onset, medications,

cognitive scale measures (Raven percentile,
Wechsler Adult Intelligence Scale (WAIS), all
positive PANSS symptoms and all negative
PANSS symptoms. We performed separate
regression analyses of total GMD and WMD
on the best linear unbiased predictors. To that
end, we used the forward stepwise approach
combined with the Akaike’s Information
Criterion Corrected (AICC) (Hurvich et al.,
1995). We applied the best subset that checks
"all possible" models, or at least a larger
subset of the possible models than forward
stepwise, to choose the best according to the
best subsets criterion. The model with the
greatest value of the criterion is chosen as the
best model. Then, we applied the adjusted R-
squared so that any effects in the model that
correspond to a decrease in the prediction

model are removed (i.e., p<0.05).
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3. Results
3.1 Imaging results

SZ showed lower gray matter densities in the
anterior cingulate cortex and left middle
temporal region, and higher GMD in the left
posterior cingulate, relative to NC. Moreover,
SZ had significantly lower WMD in the left
inferior frontal and the left posterior parietal

regions in comparison to NC (Table 2; Figure

1),

Table 2. Regions of gray and white density differences between the
schizophrenia group and normal controls based on voxel-based morphometry

analyses

Brain region K

(voxels)  MNI coordinates

t (p<0.05 ProRr- com)

GMD NC > SZ Anterior cingulate cortex (BA32) 336 6.02 (0, 44, 10)

Middle temporal cortex (BA21) 373

5.97 (-59, -1, -21)

GMD SZ > NC  Posterior cingulate 230 4.02 (-30, -63, 16)

WMD NC > SZ Inferior frontal lobe 130 412 (-6, 21, -23)
Posterior parietal lobe 138 3.72 (-9, -48, 66)

Figure 1. T-Statistic maps of the group effects b i enia pati and normal controls

Hot and yellowish colors indicate density increases and decreased in each group.

GMD: NC minus SZ
frontal & temporal

3O & |
G2,

GMD: SZ minus NC
posterior cingulate

A2
5| b

WMD: NC minus SZ
frontal & parietal

K.

For high definition images please see annex

We observed significant positive correlations
(p<0.05) between PS scores and GMD in the
left insula and right caudate; and between NS

scores, the right middle frontal, and the
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posterior lobe of right cerebellum (uvula)
(Table 3, Figure 2).

Table 3. Positive correlations between GMD and WMD regression analysis
based on symptoms scores (all results are p<0.05, Prwe- corr).

GMD Region K T MNI
PANSS positive L Insula 523 4.68 -42,-42,18
scores R Caudate 195 421  35,-16,-9
PANSS negative R Middle Frontal 467 5.03 38,36, 42
scores R Cerebellum posterior lobe Uvula 206 4.57 39, -84, -21
WMD Region K T MNI
PANSS positive R Middle frontal 240 3.82 27,57,-8
scores

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

Figure 2. Positive correlations between GMD and WMD
regression analysis based on symptoms

PANSS positive
GMD L Insula

PANSS negative

PANSS positive PANSS negative

WMD R middle frontal WMD R superior frontal

)

For high definition images please see annex

We found inversed significant correlations
between PS scores and GMD both the right
parietal (precuneus), and the posterior lobe of

left cerebellum (uvula).

Additionally, we found inversed correlations
between NS scores and the anterior lobe of
the left cerebellum. Concerning WMD, we
found positive correlations with PS scores in
the right middle frontal region, while NS scores
were positively correlated with WMD in the

right superior frontal region. PS scores
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correlated negatively with the right inferior
occipital, and the right occipital cuneus. NS
scores correlated negatively with the left

superior frontal (Table 4, Figure 3).

Table 4. Negative correlations between GMD and WMD regression analysis

based on symptoms scores (all results are p<0.05, Pewe. corr)-
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and schizophrenia symptoms. SZ-M showed
inverse correlations between ideas of
grandiosity and WMD (r=-.551, r2=.303, t=-
2.639, p=.018, df=38). Additionally, SZ-M
showed between

positive  correlation

disorientation and WMD (r=.545, r2=.297,

GMD Region K T MNI

PANSS positive R Parietal lobe precuneus 125 304 672,52 t=2.598, p=.019, df=38), attention deficits and
scores L Cerebellum posterior lobe Uvula 219 -3.45 -9,-88,-21 _ _ _ _

PANSS negative L Cerebellum anterior lobe 106 -3.87 -5,-52, 23 GMD (r=.466, r2=.217, t=2.108, p=.05) and
scores attention deficits and WMD (r=.463, r2=.214,
WMD Region K T MNI

PANSS positive R Inferior ocoipital 24 405 44828  t=2.089, p=.05, df=38) (Figure 4).

scores R Cuneus occipital 145 -388 21,-94,-2

PANSS negative L superior frontal n .97 -8,18,60 Figure 4. Regression analyses in males with schizophrenia and symptoms
scores Grandiosity wio ]

Numberof s
g
H

iamber

Figure 3. Negative correlations between GMD and WMD
regression analysis based on symptoms

w000
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For high definition images please see annex
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Legend Figure 4. Regression analyses in males

WHID B scaprtal and with schizophrenia and symptoms

inferior cuneus

WMD L superior frontal

2 o

For high definition images please see annex

We found negative correlation between ideas of
grandiosity and WMD (r=.551, r2=.303, t=-2.639,
p=.018) in male patients. We also found positive
correlations 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).

We further
prediction model of the linear regression
relationship between GMD and WMD with the

PANSS symptoms scores respectively in all

conducted an exploratory

Comparison between male groups revealed
decreased total GMD (F=.126 t=2.217 df =40
p=.32) while no such differences were

observed in the corresponding contrast for )
patients. We note that they share the

females. SZ-F showed no correlation between

conceptual disorganization symptom, which is
total GMD, WMD, CSF, or total brain volume

positively correlated with both structures
|
© MANCINI-MARIE, A. 2022 501
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(GMD: coefficient=38.99; F=5.43; p<0.026
and WMD: coefficient=41.69; F=7.53;
p<0.010). Conversely, we note that GMD was
negatively correlated with lack of spontaneity
(F=6.10; t=-2.50; p<0.020) and hallucinations
(F=5.89; t=-2.43; p<0.021). WMD was
negatively correlated with hostility (F=5.80; t=-
3.12; p<0.01) and grandiosity (F=7.82; t=-
2.80; p<0.01) (Figure 5 and 7).

Figure 5. Model prediction by importance: ALM results

= Coufiint
et Estinats

—rositye

Nogae

Halucnateo_vansken.

I |
Leastimportant

Figure 7. Model prediction by importance: ALM resalts
o

‘oellicients
Target: White Matter Densities

fr— et o o =
For high definition images please see annex

Legend Figure 5 and 7. Model prediction by
importance: ALM results

The ALM predicted the continuous target (GM)
based on linear relationships between the target
and all included predictors by importance. The
results reveal three important predictors of gray
matter densities: lack of spontaneity and
hallucination, and conceptual disorganization. Lack
of spontaneity and hallucination predicted lower
gray matter densities. Conceptual disorganization
predicted increased gray matter densities.
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The intensity of lack of spontaneity (p=0.019)
and hallucination (p=0.021) symptoms
predicted the degree of GMD loss, while
increased hostility (p=0.007) and grandiosity
(p=0.008) symptoms predicted decreased
WMD. Interestingly, the intensity of conceptual
disorganization was a predictor factor of
increased GMD (p=0.026) and WMD (p=0.10)
in SZ (Figure 6 and 8).

Figure 6. Model prediction by importance: ALM grey matter results

onceptual disorganization

Figure 8. Model prediction by importance: ALM white matter results

For high definition images please see annex

Legend Figure 6 and 8. Model prediction by
importance: ALM results

The ALM predicted the continuous target (WM)
based on linear relationships between the target
and all included predictors by importance. The
results reveal three predictors by level of important
of white matter densities: hostility, grandiosity, and
conceptual disorganization. Increased hostility and
grandiosity scores predicted lower white matter
densities. Increased conceptual disorganization
scores predicted increased in white matter
densities.
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3.2 Results of clinical assessments:

We found no differences between SZ-M and
SZ-F when using the total PANSS scores of:
NS, PS, or general items. When analyses
were performed by individual item, we found
no differences between SZ-M and SZ-F
except on item “Guilt feeling” of the PANSS
general, where SZ-F had higher scores (SZ-
M: mean=1.67, SD=0.69, SZ-F: mean=2.38,
SD=0.96, p=0.018, df=38). We found a trend
in the Suspiciousness /persecution item where
females had higher symptom score (SZ-M:
mean=2.28, SD=1.23, SZ-F: mean=3.25,
SD=1.73, p=0.066, df=38)(Table 5).

Table 5. Giinical in patients.
szm szF P value
Mean (SD)  Mean (SD)  df=38
1765 (533) 1065 (803) 0435
339(100)  331(1.35) 0857
306(087)  331(130)  0.500
206(123)  331(149) 0841
206(087) 225(113) 0575
211(123) 250(159) 0420
228(123) 325(173) 0086
156(086)  221(115)  0.108
1950 (536) 2125(830) 0434
311(102)  320(126) 0868

300(128) 338(031) 0397
272(102)  319(152) 0208
261(100)  288(115) 0497
250(099) 319(142) 0108
onversation  250(1.15)  3.12(158) 0194
261(002) 306(120) 0244
3875(527) 4310(1292) 0471
244(120)  262(096) 0634
261(082) 331(130) 0076
167(069) 238(098) 0018

244(078)  293(129) 0182
267(084) 293(157) 0528
223(067) 269(087) 0132
222(1.11)  256(121)  0.400
156(086)  219(147) 0130
311(113)  300(132) 0783
193(079)  231(145 0232
289(083)  319(164) 0501
283(079) 293(173) 0819
244(110)  288(115) 0272
244(082) 275(134) 0440
217(086)  262(096) 0151
284(121)  318(147) 0601

For high definition images please see annex

3.3 Cognitive behavioral assessments:

We found significant differences
between NC and SZ groups in terms of years
of education and cognitive performance (Table
6).
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Table 6. Cognitive behavioral assessments in schizophrenia patients and
normal controls

NC sz P value
df=77
Mean SD Mean SD

Block design from WAIS-Ill  12.03 3289 9.12 3.198  0.001
Similitudes from WAISAII 11.36 2653 7.27 2293 0.001
Vocabulary from WAIS-III 10.44 2259 6.24 2465  0.001
Raven percentile 80.56 18320 50.99 24.827 0.001
Years of education 18.41 3.88 1172 2.87 0.001

For high definition images please see annex

Discussion

The main purpose of the present study was to
investigate the relation between schizophrenia
symptoms and gray and white matter densities
and the effect of sex-specific differences on
this relationship and the effect of (partialling

for) gender on these relationships.

As hypothesized schizophrenia patients
showed several GMD and WMD abnormalities
compared to normal controls. In addition,
males with schizophrenia showed lower GMD
compared to same-sex normal controls, while
no such differences were observed in the

corresponding contrast for females.

Structural findings

Schizophrenia patients had lower GMD in the
anterior cingulate cortex, left middle temporal
cortex in comparison to normal controls.
These findings are consistent with the
literature in patients with schizophrenia (Kong
et al., 2014), specifically the decreased GMD
in the left middle temporal cortex (Brosch et
al., 2022; Kong et al., 2014). The anterior

cingulate finding is of particular interest. A
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study showed that “at risk” subjects who
actually develop psychosis had significantly
smaller anterior cingulate volumes (Dazzan et
al., 2012). Furthermore, in a meta-analysis by
Sepede and colleagues (2014) argued that
alterations of the anterior cingulate cortex
seemed to be more common in schizophrenia
than in bipolar disorder. On the other hand,
patients had higher GMD in the left posterior
cingulate compared to normal controls. The
increased GMD of the posterior cingulate in
schizophrenia patients may indicate a
compensatory mechanism in response to the
anterior cingulate deficit (Andreasen et al.
1990). Newell et al.,, (2006) have found
increased cannabinoid receptor density in the
posterior cingulate cortex in schizophrenia.
This finding was not correlated to cannabinoid
use, which is similar to patients in our study
who had no active drug use. This region
seems to be more preserved in the early
stages of illness as shown in some studies
where no differences in bilateral posterior
cingulate gyrus in early episode patients were
found, despite the presence of significant gray
matter reductions in several other brain
regions as parahippocampal, frontal, and

temporal regions (Ellison-Wright et al., 2008).

Correlations with positive and negative
symptoms

The analyses revealed several correlations
between symptoms  and GMD in
schizophrenia patients regardless of sex:

between positive symptoms and GMD in the
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left insula and right caudate; between negative
symptoms and GMD in the right middle frontal
cortex and the posterior lobe of right
cerebellum (uvula). We observed inverse
correlation between positive symptoms scores
and GMD in the right parietal (precuneus), the
posterior lobe of left cerebellum (uvula) and
between negative symptoms and GMD in the
anterior lobe of the left cerebellum. We also
observed correlation between WMD and
symptoms: between positive symptoms and
WMD in the right middle frontal region and
between negative symptoms and WMD in the
right superior frontal region. We observed
inverse correlation between positive
symptoms and WMD in both right inferior
occipital and right occipital cuneus regions.
Additionally,

correlations between negative symptoms and

patients showed inverse
WMD in the left superior frontal region. We
found individual symptoms such as conceptual
disorganization to be correlate with both GMD
and WMD. We observed inverse correlations
between lack of spontaneity and hallucinations
and GMD. Hostility and grandiosity inversely
correlated with WMD.

Our significant finding of the positive
relationship between positive symptoms and
in the insula and the caudate GMD is also
consistent with some previous studies. The
insula is situated at the interface of frontal,
parietal and temporal lobes. It is involved in
cognitive, emotional, and somato-sensorial
processes and provides a hub that integrates

salient stimuli with somatosensory and
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autonomic information (Supekar et al., 2012)
and has been involved in emotional
interoceptive representations (Gasquoine,
2014) and positive symptoms were shown to
correlate with reward anticipation signal in the
insula in individuals at high risk to develop
psychosis (Wotruba et al., 2014). A previous
study by Rolland et al., (2015) demonstrated
that patients with acoustico-verbal
hallucinations show bilaterally greater resting
state functional connectivity in the insula.
Similarly, Sepede and colleagues (2014)
demonstrated that significantly altered
functioning of the insula in schizophrenia, and
proposed it as a candidate trait marker for
psychosis (Sepede et al., 2014). We postulate
that due to its location at the interface of
frontal, parietal and temporal lobes, the insula
is involved in cognitive, emotional, and
somato-sensorial processes, hence providing
a hub that integrates salient stimuli with
somatosensory and autonomic information
(Supekar et al., 2012). The increased GMD
could be associated with the over stimulation
of cognitive, emotional and somato-sensorial
processes regulated by the insula resulting in
delusions and hallucinations, which are
characterized by amplification of emotional
and sensory motor perception and processing.
There is a strong functional connectivity
between the insula and caudate and the
caudate is implicated emotive and cognitive
regions including the amygdala and portions of
the anterior and posterior cingulate and has

been involved in the neurobiology of
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schizophrenia positive symptoms in relation to
dopamine dysfunction (P. Seeman, 2013),
although caudate abnormalities may be
related to medication exposure (Wotruba, et
al., 2014).

Another interesting finding was our result that
GMD in the parietal cortex was inversely
correlated with the positive symptoms. Several
studies show that positive symptoms were
related to deficits of logical reasoning
processes (Langdon et al., 2010). Such
processes are mediated by the parietal cortex
(Wendelken, 2014). For example, Hinton et al
(2014), found that patients with depression
who had reasoning deficits showed lower
activations in the parietal cortex. In
accordance with these results Dazzan and
colleagues (2012), found that subjects who
eventually developed schizophrenia had

smaller volumes in the parietal cortex.

Of particular interest were the positive
correlations in the GMD in the middle frontal
and WMD of the superior frontal with negative
symptoms. These findings are similar to those
of Nesvag et al (2009) who demonstrated that
the severity of negative symptoms was mainly
related to larger gray matter volumes of the
frontal lobe (Nesvag et al., 2009). Several
studies point out at the importance of this
region in emotion regulation, and in down-
regulation of emotional processing (Golkar et
al., 2012) in normal population. Negative
attributed  to

overinhibition of affective processes and

symptoms have been

maladaptive cognitive emotion regulation
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strategies (O'Driscoll et al., 2014). These
processes were associated with increased
frontal activation and volume (Nesvag et al.,
2009), while disinhibition and emotional lability
have been associated with frontal lesions
(Bonelli et al., 2007). For example, Smith et
al., (2013) showings that a decrease in volume
of the dorsolateral frontal cortex (DLPFC) is
associated with improvement of depression
symptoms in patients with depression. WM
connectivity abnormalities in the superior
frontal executive region have been proposed
to  explain negative  symptoms in
schizophrenia (Asami et al., 2014; Fuentes et
al., 2022). In accordance with these results, a
study by Dazzan and colleagues (2012),
demonstrated that subjects who develop
affective psychosis had reductions in the
frontal cortex (Dazzan et al., 2012). A meta-
analysis by Kohn et al. (2014) concludes that
the middle frontal region (DLPFC) plays a key
role in action inhibition and proposes that it
modulates “higher order ‘cold’ regulatory
processes”. In view of these findings, it would
be reasonable to say that negative symptoms
that share several characteristic of depression
are associated with over-engagement of the
frontal cortex in affective inhibitory processes

in schizophrenia patients.

Present findings point to the importance of the
cerebellum in mediation of positive and
negative symptoms in the brain. Historically,
the cerebellum was largely ignored in
schizophrenia research. In 1979, Heath and

colleagues were among the first groups to
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pinpoint gross pathology of the cerebellum in
psychotic patients (Heath et al., 1979). In
1995, Martin and Albers concluded that
morphological and functional data support the
role of the cerebellar dysfunction in the
pathogenesis of schizophrenia (Martin et al.,
1995). In their review, Andreasen & Pierson
(2008) argued that the cerebellum plays a role
in higher cognitive and emotional functions.
The cerebellum with its cortical connections
(the limbic system, the frontal, parietal,
prefrontal, occipital, and temporal cortex)
opens a pathway for explaining the diversity of
schizophrenia symptoms (Andreasen et al.,
1988). Based on our results, the cerebellum
was mainly correlated with the negative
symptoms. In their review, Stoodley et al.
(2010) specified that the posterior cerebellum
was linked to cognition and the posterior
vermis with emotion and cognitive affective
syndromes such as passivity, blunted affect
and withdrawal. This may be in agreement
with previous research findings considering
the cerebellum as an emotional pacemaker
(Stoodley et al., 2010). Our results point out to
the involvement of the vermis (affective) and
the posterior cerebellum (cognitive) in
regulation of negative symptoms such that
increased cognitive regulation/inhibition is
associated with decreased emotional
processes which may play a role in negative
symptoms. The negative relation between the
cognitive part of the cerebellum and positive
symptoms is intriguing. Symptoms such as

hallucinations and delusions were found to be
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associated with deficits in several cognitive
processes (Laroi et al., 2007), perception and
correction errors (Allen et al., 2004), source
and self-monitoring (Seal et al., 2004),
stimulus recognition (Tracy et al., 2013), and
reality monitoring (Sugimori et al., 2014). The
relation between these cognitive processes
and the cerebellum are not fully understood. It
has been reported that a structural deficit in
the cerebellum may be involved in
disorganization in schizophrenia, which
consequently may relate to cognitive

dysfunction (Suazo et al., 2014).

Correlations with individual symptoms

In our study, total GMD was inversely
correlated with hallucinations, in concordance
with several studies showing a similar
association with gray matter in the left superior
temporal gyrus (Garcia-Marti et al., 2008;
Gaser et al., 2004; Neckelmann et al., 2006),
left thalamus, and left and right cerebellum
(Neckelmann et al., 2006) middle/inferior right
prefrontal gyri (Gaser et al., 2004), bilateral
insula and left amygdala (Garcia-Marti et al.,
2008).

Here we report for the first time the relation
between total WMD and hostility, where
increased WMD is correlated with less
hostility. Only two related studies by Hoptman
et al., (2002, 2010) have found white matter
microstructure abnormalities of the inferior
frontal, in particular higher trace, i.e. the

average diffusion coefficient of white matter
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tracts over 3D directions. The authors also
found reduced functional connectivity in white
matter between the amygdala and ventral
prefrontal cortex regions to be correlated with
increased aggression in patients with
schizophrenia (Hoptman et al.,, 2010;
Hoptman et al., 2002). More recently, findings
show a relation between altered white matter
connectivity in the cingulum and aggression in
schizophrenia, (He et al. 2021) and in the
visuospatial network (An et al., 2021). Of
particular interest is the association between
greater WMD and more severe symptom
scores of conceptual disorganization and
attention deficits. To our knowledge, no other
study has reported such findings in
schizophrenia. To make sense of this finding,
we seek support from other
psychopathologies. Similar findings have
been reported in autism, where increased
white matter volume was associated with
language and communication deficits (Herbert
et al., 2004), which are fundamental elements
in the construction of  conceptual
disorganization. However, further studies are

needed in schizophrenia to support this view.

The abnormalities in GMD and WMD in our
group of schizophrenia patients in comparison
to normal controls were not in the same
regions that correlated with schizophrenia
clinical symptoms as measured by the
PANSS. This is relevant and we postulate that
cognitive deficits play a role in such
discrepancy. We reviewed

neuropsychological cognitive data collected
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(the WAIS-IIl and Raven percentile tests) from
the patients and normal controls. Significant
deficits were observed in the schizophrenia
groups in all measures when compared to
normal controls (Table 6). Abnormalities in the
left middle temporal, the left inferior frontal and
the left posterior parietal regions were found to
be correlated with deficits in emotional
memory accuracy in another study performed
by our group (Lakis et al., 2011), and several
studies have shown abnormalities is these
regions in relation with deficits in mental
rotation abilities (Mazhari et al., 2014), and

language processing (Tagamets et al., 2014).

Behavioral findings

Schizophrenia patients showed significant
deficits in all neuropsychological measures
when compared to normal controls subjects.
This is consistent with numerous previous
reports (Brebion et al., 2013).

Sex specific structural differences

Male patients had decreased total GMD
relative to same-sex controls, but we observed
no differences between female groups. These
findings may reflect a more defused and
generalized cortical loss in males. In
comparison, females might compensate by
preserving cortical densities in other cerebral
regions. For example, Abbs et al, (2011),
found that females with schizophrenia showed
decreases in anterior cingulate volume that

were compensated in the inferior parietal lobe.
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Relatively normalized parietal volumes
correlated with preservation of verbal memory
processing (Abbs et al., 2011). This task
correlated with the anterior cingulate volumes
in same-sex normal controls. Male patients
seem to present less structural compensation.
A review by Salem and Kring (1998) attribute
structural and neural lack of compensation in
male patients to several factors, including: a)
the central nervous system in males takes
longer time to develop and thus the risk to
neurological insults is higher (Geschwind et
al., 1985; Salem et al., 1998) b) there is a
greater hemispheric lateralization in males,
thus damage to one hemisphere at early
stages of development are more difficult to
compensate; c) there is overall presence of
more prenatal abnormalities of neuronal
migration in males relative to females
(Geschwind et al., 1985). Findings by Niu et al,
(2004) support these theories. They found a
significant left-smaller-than-right volumetric
asymmetry of the amygdala in male patients
with schizophrenia. In addition, male patients
had reduced volumes in the bilateral amygdala
while female patients had reductions only in
right amygdala compared to same-sex
controls (Niu et al., 2004). Several studies
show that male have more GM abnormalities
than females with schizophrenia: these
include reduced prefrontal volumes, reduced
anterior temporal horn and medial temporal
lobe volumes, more specifically amygdala,
hippocampus, superior temporal and larger

ventricular-brain ratios (VBR) or that females
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have more preserved cerebral morphology
(Andreason et al., 1990; Gur et al., 2000).
Several authors have suggested that these
differences are due to the neuroprotective
effects of estrogen in females (Allen et al.,
2013). The lack of differences in white matter
densities between males with schizophrenia
and same-sex controls was of particular
interest. Findings show that abnormalities in
white matter in patients with schizophrenia are
related disturbed sexual dimorphism rather
than decreased white matter densities
(Savadijiev et al., 2014).

Sex specific correlations

Females with schizophrenia showed no
correlations between brain densities and
symptoms, while male patients showed
several correlations, specifically between
WMD and conceptual disorientation, and
between both GMD and WMD and attention
deficits. In addition, inverse correlation were
observed between WMD and ideas of
grandiosity.

In our study, the negative correlation between
WMD and ideas of grandiosity observed in
males with schizophrenia remained significant
after grouping male and female patients
together. Thus, significant results in
schizophrenia research might be biased and
related to only males but not females and vice
versa giving support to the important role of
sex differences in schizophrenia. To our

knowledge, this is the first study to report a

Article

Cortica 2022. 1(2), 276-281
https://doi.org/10.26034/cortica.2022.3135

direct relation between white matter density
and these symptoms and the related sex
difference. Interestingly a study by Sallet et al.,
(2003) found correlations between cortical
gyrification index and grandiosity (Sallet et al.,
2003) and more recently increased structural
connectivity of the supero-lateral medial
forebrain bundle was reported to correlate with
paranoid ideation and grandiosity (Bracht et
al., 2019). Gyrification index is a marker of
degree of cortical folding which is
hypothesized to represent underlying white
matter volume (Armstrong et al., 1995). Sex
difference in functional connectivity has been
reported in patients with schizophrenia. Lei et
al (2015), found that male and female patients
have disturbed functional integration in two
separate networks: the sensorimotor network
and the default mode network. The authors
suggest that sex-specific patterns of functional
aberration existed in schizophrenia, and these
patterns were associated with the clinical
features both in male and female patients. The
white matter abnormalities are in support of
neurodevelopmental disturbance that is more
evident in males than females with

schizophrenia.

Of particular interest is that female patients in
our study had relatively worse symptoms
scores compared to male patients, but it was
males who exhibited more diffuse GMD and
WMD abnormalities. In addition, females with
schizophrenia had no association between
total GMD, WMD, CSF, or total brain volume

with any of the individual schizophrenia
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symptoms. Only males with schizophrenia
showed an inverse correlation between ideas
of grandiosity and WMD. Additionally, were
observed correlations between disorientation
and WMD and attention deficits and GMD and
WMD only in males with schizophrenia. To our
knowledge, this is the first study to report such
finding only in males with schizophrenia.
Savadjiev et al., (2014) found that
disturbances of normal sexual dimorphism in
white matter were correlated with the degree
of negative symptoms. The authors
demonstrated negative symptom strength
increased with the reduction in connection
asymmetry in males with schizophrenia, while
stronger negative symptoms were correlated
with increase in asymmetry in females with
schizophrenia. Correlation between increased
WMD and attention deficits has been reported
in patients with ADHD (Batty et al., 2010).
Studies show that males with schizophrenia
show more attention deficits compared to
female patients (Seidman et al., 1997). These
findings suggest that females  with
schizophrenia may be less vulnerable to
particular cognitive deficits compared to males

with schizophrenia (Goldstein et al., 1998).

In support of our findings is that females with
schizophrenia tend to present less ideas of
grandiosity in comparison with males with
schizophrenia. A study on psychotic
experiences in adolescence found that boys
reported more grandiosity and anhedonia and

had more parent-rated negative symptoms
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than girls (Ronald et al., 2014). Furthermore,
prevalence of grandiosity was reported to be
higher in males than females with early
episode psychosis (Wigman et al., 2011).
These findings support that males with
schizophrenia seem to have a greater
biological vulnerability to worse symptoms,
consequent social disability in the face of
psychosis and poorer prognosis, while
females have either a biological or a
psychosocial resilience to the illness (Ring et
al., 1991).

Sex specific behavioral findings

Sex differences emerged in patients with
schizophrenia, where normal control males
significantly outperformed male patients on all
subcategories of the WAIS-IIl and Raven
percentile tests, while female patients showed
fewer deficits when compared to same-sex
controls, such that we found no differences
between female groups on the block design
task. When we performed direct comparisons
between females and males with
schizophrenia, females outperformed males
on the Raven percentile task. These findings
are of particular interest since both these tasks
test visual and perceptive reasoning. These
findings are consistent with studies by our
groups showing no differences between
female schizophrenia patients and female
controls during mental rotation tasks, while
male patient had worse performance on the
same task compared to the same-sex controls

(Jimenez et al.,, 2010). Studies on healthy
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population show better performances in males
compared to females on spacio-visual tasks
(Astor, 1998 ). Together these findings support
the presence of an inverse sexual dimorphism
in schizophrenia patients (Mendrek, 2007;
Luckhoff et al., 2022). Sex differences
observed support existing literature showing
males with schizophrenia have worse
cognitive performance compared to females
with schizophrenia. Female schizophrenia
have preserved language, verbal memory and
visuospatial memory and have Dbetter
performances in processing speed and
episodic memory compared to males with

schizophrenia (Goldstein et al., 1998).

Exploratory analyses

Irrelevant of sex of patients our exploratory
prediction model of the linear regression
relationship between GMD and WMD with the
PANSS symptoms score has produced

interesting results.

Increased hostility and grandiosity symptoms
in our patients predicted decreased WMD.
Several studies showed that reduced
functional connectivity in white matter between
the amygdala and ventral prefrontal cortex
regions has been associated with increased
aggression in patients with schizophrenia
(Hoptman et al., 2010; Hoptman et al., 2002).
Interestingly, we report for the first time that
the intensity of conceptual disorganization was
a predicting factor of increased GMD and

WMD in schizophrenia patients in our study.
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Similar findings have been reported in autism,
where increased white matter volume was
associated with language and communication
deficits (Herbert et al., 2004), which are
fundamental elements in the construction of
conceptual disorganization, however further
studies are needed in schizophrenia to
support this view. In addition, the intensity of
lack of spontaneity and hallucination
symptoms predicted the degree of GMD loss.
This is in concordance with several studies
showing a similar association with gray matter
in the left superior temporal gyrus (Garcia-
Marti et al., 2008; Gaser et al., 2004,
Neckelmann et al., 2006), left thalamus, and
left and right cerebellum (Neckelmann et al.,
2006) middle/inferior right prefrontal gyri
(Gaser et al., 2004), bilateral insula and left
amygdala (Garcia-Marti et al., 2008).

Conclusion

Our results shed further light on the
neuroanatomical underpinnings of psychosis,
providing insights into the physiological nature
of positive versus negative symptoms. In
essence, our study provides neurobiological
evidence on the validity of a combination of
overlapping and differing brain structural
neuropsychopathology assessed by the
PANSS. More importantly, our results reject
the notion that all patients might share a core

network of neuropathology, because the
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different symptoms correlated with different
structural findings, and could be independent
of each other. To this end, future studies
should investigate the correlation between
individual symptoms and specific cerebral

regions.

We should note that despite significant
findings in this domain, neuroanatomical
abnormalities are insufficiently sensitive to be
individually or collectively diagnostic of the
disease (or its prognosis/etiology). Hence, the
abnormalities have yet 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. (Fahim et al., 2005; Stip et al.,
2005). 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.
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Limitation

We should consider the limitations of the
present study such as potential effects of
antipsychotic medication (past and current).
We specify that all our patients were receiving
consistent doses of first- or second-generation
antipsychotic medication. 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). All patients received at least
one atypical antipsychotic (chlorpromazine
equivalence was calculated) (Woods, 2003).
The second limitation is that 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 negative

symptoms using further scales.
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ANNEX

Table 1. Demographics of schizophrenia patients

Males Females P value

Mean (SD) Mean (SD) df=38
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) 262 (1.06) 0470
Chlorpromazine equivalence 72250 (383.74) 443.33 (28094) 0.012
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Table 2. Regions of gray and white density differences between the

schizophrenia group and normal controls based on voxel-based morphometry

analyses
Brain region K t (p<0.05 ProRr- corr)
(voxels)  MNI coordinates
GMD NC > SZ Anterior cingulate cortex (BA32) 336 6.02 (0, 44, 10)
Middle temporal cortex (BA21) 373 5.97 (-99, -1, -21)
GMD SZ > NC  Posterior cingulate 230 4.02 (-30, -63, 16)
“WMD NC > SZ  Inferior frontal lobe . 130 412 (6, 21,-23)
Posterior parietal lobe 138 3.72 (-9, -48, 66)
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Table 3. Positive correlations between GMD and WMD regression analysis

based on symptoms scores (all results are p<0.05, Prwe- corr)-

GMD Region K T MNI
PANSS positive L Insula 523 4.68 -42 -42 18
scores R Caudate 195 4.21 35, -16, -9
PANSS negative R Middle Frontal 467 5.03 38, 36, 42
scores R Cerebellum posterior lobe Uvula 206 4.57 39, -84, -21
WMD Region K T MNI
PANSS positive R Middle frontal 240 3.82 27,57,-8
scores

PANSS negative R superior frontal 72 432 14,56, 24
scores
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Table 4. Negative correlations between GMD and WMD regression analysis

based on symptoms scores (all results are p<0.05, Prwe- corr)-

GMD Region K T MNI
PANSS positive R Parietal lobe precuneus 125 -304 6,-72,52
scores L Cerebellum posterior lobe Uvula 219 -3.45 -9 -88, -21
PANSS negative L Cerebellum anterior lobe 106 -3.87 -5,-52,-23
scores

WMD Region K T MNI
PANSS positive R Inferior occipital 124 -403 44 -82, -8
scores R Cuneus occipital 145 -3.88 21,-94,-2
PANSS negative L superior frontal 311 497 -8,18,60
scores
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Table 5. Clinical assessments in schizophrenia patients

SZ-M SZ-F P value

Mean (SD) Mean (SD) df=38
PANSS positive 17.95 (5.33) 19.65 (8.03) 0.435
Delusions 3.39 (1.09) 3.31 (1.35) 0.857
Conceptual disorganization 3.06 (0.87) 3.31 (1.30) 0.500
Hallucinations 2.06 (1.23) 3.31 (1.49) 0.941
Excitation/Hyperactivity 2.06 (0.87) 2.25(1.13) 0.575
Grandiosity 2.11 (1.23) 2.50 (1.59) 0.429
Suspiciousness/persecution 2.28 (1.23) 3.25(1.73) 0.066
Hostility 1.56 (0.86) 2.21 (1.15) 0.108
PANSS negative 19.50 (5.36) 21.25 (8.30) 0.434
Blunted affect 3.11 (1.02) 3.29 (1.26) 0.868
Emotional withdrawal 3.00 (1.28) 3.38 (0.31) 0.397
Poor rapport 2.72 (1.02) 3.19 (1.52) 0.296
Passive/apathetic 2.61 (1.09) 2.88 (1.13) 0.497
Difficulty in abstract thinking 2.50 (0.99) 3.19 (1.42) 0.108
Lack of spontaneity and flow of conversation 2.50 (1.15) 3.12 (1.59) 0.194
Stereotyped thinking 2.61 (0.92) 3.06 (1.29) 0.244
PANSS general 38.75 (5.27) 43.10 (12.92) 0.171
Somatic concern 2.44 (1.20) 2.62 (0.96) 0.634
Anxiety 2.61 (0.92) 3.31 (1.30) 0.076
Guilt feelings 1.67 (0.69) 2.38 (0.96) 0.018*
Tension 2.44 (0.78) 2.93 (1.29) 0.182
Mannerisms and posturing 2.67 (0.84) 2.93 (1.57) 0.528
Depression 2.23 (0.67) 2.69 (0.87) 0.132
Motor retardation 222 (1.11) 2.56 (1.21) 0.400
Uncooperativeness 1.56 (0.86) 219 (1.47) 0.130
Unusual thought content 3.11(1.13) 3.00 (1.32) 0.793
Disorientation 1.93 (0.79) 2.31 (1.45) 0.232
Poor attention 2.89 (0.83) 3.19 (1.64) 0.501
Lack of judgment and insight 2.83 (0.79) 2.93 (1.73) 0.819
Disturbance of volition 2.44 (1.10) 2.88 (1.15) 0.272
Poor impulse control 2.44 (0.92) 2.75(1.34) 0.440
Preoccupation 2.17 (0.86) 2.62 (0.96) 0.151
Active social avoidance 2.94 (1.21) 3.19 (1.47) 0.601
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Table 6. Cognitive behavioral assessments in schizophrenia patients and

normal controls

NC SZ P value
df=77
Mean SD Mean SD

Block design from WAIS-III 12.03 3.289 9.12 3.198  0.001
Similitudes from WAIS-III 1136 2653 7.27 2293  0.001
Vocabulary from WAIS-III 1044 2259 6.24 2465  0.001
Raven percentile 80.56 18.320 50.99 24.827 0.001
Years of education 18.41 3.88 11.72 287 0.001
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Figure 1. T-Statistic maps of the group effects between schizophrenia patients and normal controls.

Hot and yellowish colors indicate density increases and decreased in each group.
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Figure 2. Positive correlations between GMD and WMD
regression analysis based on symptoms
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Figure 3. Negative correlations between GMD and WMD
regression analysis based on symptoms
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Figure 4. Regression analyses in males with schizophrenia and symptoms
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Figure 5. Model prediction by importance: ALM results
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Figure 6. Model prediction by importance: ALM grey matter results
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Figure 7. Model prediction by importance: ALM results
Coefficients
Target: White Matter Densities
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Figure 8. Model prediction by importance: ALM white matter results
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