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Introduction

Altered connectivity referring to abnormal functional integra-
tion between different brain regions has been considered a
cardinal feature of schizophrenia.1 In line with the idea of an
early default in brain development, it may reflect aberrant
synaptic plasticity and wiring connections, excessive synaptic
pruning or disruption of the intracortical myelination of white

matter tracts.2 Although neurodevelopmental models have
 often been evoked to account for schizophrenia, some authors
have also suggested the possible intervention of neurodegen-
erative processes.3 Some authors defended the idea that these
alterations may be temporally close and possibly causally re-
lated to the emergence of the first episode of psychosis.4 To
address this issue, numerous magnetic resonance imaging
(MRI) studies have attempted to explore the presence of early
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Background: Several patterns of grey and white matter changes have been separately described in young adults with first-episode
psych osis. Concomitant investigation of grey and white matter densities in patients with first-episode psychosis without other psychiatric
comorbidities that include all relevant imaging markers could provide clues to the neurodevelopmental hypothesis in schizophrenia.
 Methods: We recruited patients with first-episode psychosis diagnosed according to the DSM-IV-TR and matched controls. All partici-
pants underwent magnetic resonance imaging (MRI). Voxel-based morphometry (VBM) analysis and mean diffusivity voxel-based analy-
sis (VBA) were used for grey matter data. Fractional anisotropy and axial, radial and mean diffusivity were analyzed using tract-based
spatial statistics (TBSS) for white matter data. Results: We included 15 patients and 16 controls. The mean diffusivity VBA showed sig-
nificantly greater mean diffusivity in the first-episode psychosis than in the control group in the lingual gyrus bilaterally, the occipital
fusiform gyrus bilaterally, the right lateral occipital gyrus and the right inferior temporal gyrus. Moreover, the TBSS analysis revealed a
lower fractional anisotropy in the first-episode psychosis than in the control group in the genu of the corpus callosum, minor forceps, cor-
ticospinal tract, right superior longitudinal fasciculus, left middle cerebellar peduncle, left inferior longitudinal fasciculus and the posterior
part of the fronto-occipital fasciculus. This analysis also revealed greater radial diffusivity in the first-episode psychosis than in the control
group in the right corticospinal tract, right superior longitudinal fasciculus and left middle cerebellar peduncle. Limitations: The modest
sample size and the absence of women in our series could limit the impact of our results. Conclusion: Our results highlight the struc-
tural vulnerability of grey matter in posterior areas of the brain among young adult male patients with first-episode psychosis. Moreover,
the concomitant greater radial diffusivity within several regions already revealed by the fractional anisotropy analysis supports the idea of
a late myelination in patients with first-episode psychosis.
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neurodevelopmental deficits in patients with first-episode
psychosis. Voxel-based morphometry (VBM), a fully auto-
mated image analysis of the whole brain that is free from
a priori hypotheses, has yielded controversial data. Some
studies reported less grey matter tissue globally in patients
with first-episode psychosis compared with controls.5,6 Others
reported less grey matter tissue confined to the frontal and
temporal cortex in patients with first-episode psychosis.7,8

Contradictory data, such as a greater grey matter tissue in the
frontal and temporal lobes in patients with first-episode
psych osis have also been reported.9 The region of interest
(ROI) analyses in such patients documented lower volume in
the superior temporal gyrus,10 insula,11 cingulate cortex12 and at
least 1 subdivision of the frontal lobe.13 Some studies revealed
an enlargement of the cortical sulci in patients, as a greater
global volume of cerebrospinal fluid (CSF) has been found in
male patients with schizophrenia than in healthy controls,14

and a greater apparent diffusion coefficient within the bilateral
insular cortex, hippocampus, temporal lobe and occipital area
has been found in psychotic patients than in controls.15

Recently, the white matter changes in patients with first-
episode psychosis have been investigated using diffusion ten-
sor imaging (DTI). The voxel-based analysis (VBA) indicated
a lower fractional anisotropy in patients than in controls that
concerned both the interhemispheric tracts of the corpus col-
losum and long intrahemispheric tracts, such as the superior
and inferior longitudinal fasciculus and inferior occipito-
frontal fasciculus.16,17 Other areas of lower fractional anisot -
ropy included the uncinate fasciculus, cingulum bundle, an -
ter ior thalamic radiation, corticospinal tract and cerebellum
projections.16–19 Similarly, ROI studies reported a lower frac-
tional anisotropy in the corpus callosum, uncinate fasciculus,
superior longitudinal fasciculus and inferior longitudinal fas-
ciculus in patients with first-episode psychosis.20,21 Axial, ra-
dial and mean diffusivity data were not conclusive in patients
with first-episode psychosis.22,23 A recently introduced ad-
vanced analysis technique, tract-based spatial statistics
(TBSS), that allows for reducing potential misregistrations by
projecting all individual DTI parameters onto a group average
white matter skeleton, has been used in 2 studies involving
adolescents with first-episode psychosis.6,23 These studies re-
ported lower fractional anisotropy that concerned a vast net-
work of white matter tracts.

Several methodologic issues limited the impact of these
studies. Most included patients with psychiatric comorbidities
and did not control for a possible effect of antipsychotics and
cannabis on brain structure. Most importantly, no concomi-
tant assessment of grey and white matter alterations has been
performed in patients with first-episode psychosis. To our
knowledge, no study explored concomitant grey and white
matter changes in young adults with first-episode psychosis
using all of the relevant DTI markers (fractional anisotropy,
and axial, radial and mean diffusivity). To address this issue,
we performed a detailed investigation of grey matter (VBM,
ROI analyses, mean diffusivity VBA) and white matter (TBSS
analysis of DTI parameters) in young adults with first-episode
psychosis who were free from major psychiatric comorbid -
ities, controlling for medication and substance-use effects.

Methods

Participants

We recruited patients with first-episode psychosis from the
specialized unit for early psychosis in the General Psychiatry
Division of the Geneva University Hospitals, and we re-
cruited healthy controls from the local community via adver-
tisements. Patients had to present acute psychotic symptoms
for no more than 1 year before evaluation and fulfill criteria
of a psychotic disorder according to the DSM-IV-TR to re-
ceive a diagnosis of first-episode psychosis. For each patient,
the diagnosis was established by combining information
gathered from several sources (relatives, staff members and
previous medical records when available) and using the
Structured Clinical Interview for DSM disorders (SCID).24

Diag noses were confirmed after a 6-month follow-up by 2 in-
dependent clinical psychiatrists. Patients were clinically rated
for symptom severity using a 24-item Brief Psychiatric  Rating
Scale (BPRS).25 Exclusion criteria for both groups were history
of major neurologic disorders (i.e., dementing conditions, tu-
mours, neuroimmunological disorders), history of head
trauma, presence of a current or a past DSM-IV psychiatric
diagnosis (other than first-episode psychosis), current sys-
temic medical disease requiring inpatient treatment, less than
4 years of formal education, and major hearing, vision or mo-
tor impairment. We also excluded those who regularly used
stimulants and β-blockers, had substance abuse or depend -
ence (other than cannabis or alcohol), had developmental dif-
ficulties (e.g., an IQ below 75, as reported in medical records)
or had severe physical illness that precluded their participa-
tion in either phase of the project. After receiving formal ap-
proval of the study protocol from the local ethics committee,
we obtained written informed consent from all participants
before their inclusion in this study.

Patients underwent standardized neuropsychological assess-
ment, including 5 tasks of the Tests of Attentional Perform -
ance:26 the alertness test for processing speed, the divided atten-
tion test for attentional capacity, the working memory test and
the go/no go and the flexibility tests for executive functions.
We performed group comparisons of demographic and clinical
variables using the Mann–Whitney U test for independent sam-
ples. To standardize the medication load, we computed a chlor-
promazine (CPZ) equivalent for each patient.27

MRI protocol

Magnetic resonance imaging was performed on a 1.5 T clin -
ical whole-body system (Phillips Medical Systems). Struc-
tural imaging consisted of a 3-dimensional T1-weighted
spoiled gradient echo sequence obtained with the following
param eters: 124 coronal slices, slice thickness 1.5 mm, in
plane resolution 0.94 × 0.94 mm2, echo time (TE) 6 ms, repeti-
tion time (TR) 35 ms, flip angle 45°, 1 average. Diffusion ten-
sor im aging (DTI) used 6 noncollinear diffusion directions
with b-factor 1000 s/mm2, 1 reference image with no diffu-
sion weighting (b-factor 0), in plane resolution 1.95 × 1.95
mm2, slice thickness 5 mm, TE 70 ms, TR 3652 ms, 2 averages.
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Voxel-based morphometry analysis

The VBM analyses were performed with the FSL software
package (www.fmrib.ox.ac.uk/fsl/), version 4.1, according to
standard processing steps.28 First, structural images were
brain-extracted using BET (part of FSL). Then, tissue-type seg-
mentation was carried out using FAST4 (part of FSL). Next,
the alignment of the partial volume images into Montreal
Neurological Institute (MNI) reference space was performed
using the affine registration tool FLIRT followed by nonlinear
registration using FNIRT. We then created a study-specific
grey matter template, to which the native grey matter images
were nonlinearly reregistered. Next, the modulated seg-
mented images were smoothed with an isotropic Gaussian
kernel with a sigma of 3 mm. Finally, we applied a mixed-
 effects model using permutation-based nonparametric testing
(RANDOMISE, part of FSL), correcting for multiple compar-
isons by implementing threshold-free cluster enhancement
(TFCE). The effect of group (first-episode psychosis v. con-
trols) was tested with age, cannabis use, educational level and
medication load as nonexplanatory coregressors. Fully TFCE-
corrected p values < 0.05 were considered to be significant.
The entire grey matter template included 256 365 voxels. To
assess structural changes found in ROI studies, we repeated
the VBM analyses with a unique grey matter mask of
65 233 voxels containing the superior, middle, inferior and
medial frontal cortices; the orbitofrontal cortex; the superior,
middle and inferior temporal cortices; the Heschl gyrus; the
fusiform gyrus; the insular cortex; and the cingulate cortex.

Grey matter mean diffusivity voxel-based analysis

The mean diffusivity VBA was derived from the apparent
diffusion coefficient–based morphometry analysis proposed
by Ardekani and colleagues.15 This mean diffusivity VBA was
performed in the FSL software package. In brief, the mean
diffusivity images were corrected for eddy current and head
motion. Then, these images were brain-extracted using BET.
All participants’ mean diffusivity data were then aligned into
the same MNI common space described for the VBM analysis
using the nonlinear registration tool FNIRT. We applied a
cortical grey matter mask including 156 460 voxels to the
mean diffusivity data. Finally, the mixed-effects model used
for the VBM analyses was also applied for this mean diffusiv-
ity VBA. Fully TFCE-corrected p values < 0.05 were consid-
ered to be significant.

White matter TBSS analysis of DTI data

The TBSS analysis of the DTI data was also performed in the
FSL software package according to the standard procedure.29

In short, the images were corrected for eddy current and
head motion. Then, fractional anisotropy images were cre-
ated by fitting a tensor model to the raw diffusion data using
FDT (part of FSL), and then brain-extracted using BET. All
participants’ fractional anisotropy data were then aligned
into the same MNI common space described for the VBM
analysis using the nonlinear registration tool FNIRT. Next,

the mean fractional anisotropy image was created and
thinned to produce a mean fractional anisotropy skeleton
representing the centres of all tracts common to the group.
Our TBSS skeleton mask included 96 506 voxels. Each partici-
pant’s aligned fractional anisotropy data were then projected
onto this skeleton. The other DTI-derived parameters (axial,
radial and mean diffusivity) were analyzed in the same way
by reusing the spatial transformation parameters that were
estimated in the initial fractional anisotropy analysis. Voxel-
wise statistical analysis was performed with TFCE correction
for multiple comparisons; we considered fully corrected
p values < 0.05 to be significant. Once again, we applied a
mixed-effects model with group (first-episode psychosis v.
controls) as the main factor, with age, cannabis use, level of
edu cation and medication load as nonexplanatory coregressors.

Correlation analyses between MRI and clinical data

We conducted regression analysis within the first-episode
psychosis group to assess correlations between symptoms
and imaging data. More specifically, a positive symptom
score and a negative symptom score were extracted from the
BPRS scale using the method advocated by Ventura and col-
leagues.30 Concretely, the positive symptom score was the
sum of the scores obtained in the bizarre behaviour, unusual
thought content, disorientation, hallucinations and suspi-
ciousness items of the BPRS, whereas the negative symptom
score was the sum of the scores obtained in the blunted af-
fect, motor retardation, emotional withdrawal and self-
 neglect items of the BPRS. Each of these 2 scores was next
 demeaned and separately used as a single explanatory re-
gressor in either VBM, mean diffusivity VBA or TBSS data.
Here again, we used age, level of education, cannabis and
medication load as nonexplanatory coregressors. We consid-
ered results to be significant at p < 0.05, TFCE-corrected. We
conducted equivalent analyses to examine the association be-
tween the neuropsychological tests within the first-episode
psychosis group and either VBM, mean diffusivity VBA or
TBSS data. More precisely, response latency of each neuro -
psychological test was demeaned and used as a single
 explanatory regressor in separate analyses with age, level of
education, cannabis and medication load used as nonex-
planatory coregressors.

Results

Demographic, clinical, pharmacological and cognitive data

We included 15 patients with first-episode psychosis and
16 healthy con trols in our study. All participants were right-
handed and male. There was no significant difference in age
between patients and controls. However, the level of education
was significantly lower and the cannabis consumption was
significantly higher among patients than controls (Table 1). All
participants had normal or corrected-to-normal visual acuity,
and none reported a history of sustained head injury or neuro-
logic disorders. Six patients fulfilled diagnostic criteria for
paranoid schizophrenia, 6 for brief psychotic disorder, 2 for



schizoaffective disorder and 1 for substance- induced psychotic
disorder. All patients were treated with second-generation
anti psychotics after admission to the specialized psychiatric
unit. Patients were under antipsychotic treatment for 8 months
at most before MRI. All patients received atypical neuroleptics,
13% received benzodiazepines at low dose and 6% received
antidepressants at low dose. The cognitive performances of pa-
tients with first-episode psychosis for all of the 5 tasks were
within the normal ranges (Table 2).

Grey matter

The VBM analyses revealed no TFCE-corrected suprathresh-
old differences between patients with first-episode psychosis
and controls when whole grey matter was considered. Simi-
larly, the VBM analysis restricted to the frontal, temporal and
cingulate cortices did not reveal significant group differences.
However, the mean diffusivity VBA showed significantly
higher mean diffusivity values in the first-episode psychosis
group than the control group in one posterior region, includ-
ing the lingual gyrus bilaterally, the occipital fusiform gyrus
bilaterally, the right lateral occipital cortex and the right in -
ferior temporal gyrus (Fig. 1, Table 3). The inverse compari-
son of the first-episode psychosis group with the control
group yielded no significant voxels.

White matter

Fractional anisotropy was significantly lower in the first-
episode psychosis group than the control group in the genu
of the corpus callosum, the right part of the minor forceps,
the right part of the superior longitudinal fasciculus, the right
corticospinal tract and the right posterior part of the inferior
fronto-occiopital fasciculus (cluster 1, Table 4, Fig. 1). We ob-
served additional lower fractional anisotropy values in the
left middle cerebellar peduncles (cluster 2, Table 4, Fig. 1), the
left corticospinal tract and genu of the corpus calosum (clus-
ter 3, Table 4, Fig. 1), the left inferior longitudinal fasciculus
and the left posterior inferior fronto-occipital fasciculus (clus-
ter 4, Table 4, Fig. 1) in patients with first-episode psychosis.
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Table 1: Demographic, clinical and pharmacological characteristics of
patients with first-episode psychosis and healthy controls

Characteristic

Group; mean (SD)

z score p valueFEP, n = 15 Control, n = 16

Age, yr 22 (2.2) 22.5 (2.7) –0.45 0.65

Education, no. yr 12 (1.6) 15.2 (1.9) –4.96 < 0.001

Cannabis consumption* 1.9 (1.7) 0.3 (0.7) 3.49 0.001

BPRS 75.6 (22.8) — — —

Positive symptoms 17.9 (7.5) — — —

Negative symptoms 9.1 (4.8) — — —

CPZ equivalents in mg† 227 (145) — — —

BPRS = Brief Psychiatric Rating Scale;25 CPZ = chlorpromazine; FEP = first-episode
psychosis; SD = standard deviation.
*The cannabis consumption within 3 months preceding inclusion in the study was
evaluated on a 5-point scale (0 = no consumption; 4 = high consumption).
†The daily medication regimens for patients in the first-episode psychosis group were
as follows: 100 mg clozapine (n = 2); 10 mg olanzapine (n = 2); 50 mg clozapine
(n = 1); 75 mg clozapine (n = 1); 15 mg olanzapine (n = 1); 25 mg clozapine and
200 mg amisulpide (n = 1); 400 mg quetiapine (n = 2); 1 mg risperidone and 75 mg
clozapine (n = 2); 10 mg olanzapine and 100 mg promazine (n = 1); 150 mg clozapine
and 400 mg amisulpide (n = 1); 75 mg clozapine, 20 mg olanzapine and 100 mg
promazine (n = 1).

Table 2: Neuropsychological test results of patients with first-episode
psychosis, n = 15*

Cognitive domain; test measure Mean (SD) score

Processing speed

Alertness test

Response latency, ms 215 (27)

Anticipated response, % 2 (2)

Attention
Divided attention test

Response latency, ms 671 (78)

Correct response, % 89 (8)

False-positive results, no. 0.3 (0.5)

Working memory
Working memory test

Response latency, ms 636 (161)

Correct response, % 84 (14)

False-positive results, no. 1.2 (1.4)

Executive function
Go/no go test

Response latency, ms 580 (89)

Correct response, % 94 (9)

False-positive results, no. 1.5 (2.8)

Flexibility test

Response latency, ms 915 (322)
Correct response, % 88 (8)

SD = standard deviation.
*Tests of Attentional Performance.2

Fig. 1: Mean diffusivity voxel-based analysis (VBA) and tract-based
spatial statistics (TBSS) analysis of the patients with first-episode
psychosis versus healthy controls shows the spatial distribution of
threshold-free cluster enhancement–corrected significant differ-
ences between patients and controls. Grey areas denote the group
average grey matter mask. Green areas denote the group average
white matter skeleton. Blue and light blue areas denote significant
voxels for the mean diffusivity VBA. Red and yellow areas denote
significant voxels for the TBSS fractional anisotropy analysis. The
image follows radiologic convention (left is right).
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The radial diffusivity was greater in the first-episode
psych osis group than the control group in the superior longi-
tudinal fasciculus (cluster 1, Table 4) and the left middle cere-
bellar peduncle (cluster 2, Table 4). Of note, all the significant
regions for radial diffusivity were also significant for frac-
tional anisotropy. The analysis of mean diffusivity revealed
no TFCE-corrected suprathreshold voxels but a trend within
regions where radial diffusivity was significantly greater in
patients with first-episode psychosis than controls. Finally,
the analysis of axial diffusivity revealed no TFCE-corrected
suprathreshold voxels.

Correlation analyses between MRI data, clinical data and
neuropsychological tests

The correlation analysis for positive and negative symptoms

yielded no TFCE-corrected suprathreshold voxels (VBM,
mean diffusivity VBA, fractional anisotropy TBSS, radial dif-
fusivity TBSS). We found no significant correlations between
MRI data and the response latency of the different neuro -
psychological tests.

Discussion

Grey matter changes in first-episode psychosis

When the entire brain was considered, no significant differences
in the amount of grey matter tissue were found between pa-
tients with first-episode psychosis and healthy controls in clas -
sic al VBM analyses. Moreover, the restricted analysis encom-
passing the fronto-temporal lobe and the cingulate gyrus
(including 65 233 voxels) did not reveal any significant

Table 3: Grey matter mean diffusivity voxel-based analysis in patients with first-episode psychosis and healthy controls*

Contrast; cluster index
Cluster size,

mm3
Maximum
z score

Location of
maximum z score† Centre of gravity†

Side Anatomic region‡x y z x y z

FEP < control

No suprathreshold voxels — — — — — — — — — —

FEP > control

1 6727 0.994 33 –84 –14 18.7 –69.5 –4.7 Bilaterial
Right

Lingual and occipital fusiform
Lateral occipital and inferior temporal

FEP = first-episode psychosis
*Suprathreshold voxels after threshold-free cluster enhancement–correction for multiple comparisons for the voxel-based morphometry analysis. Significant threshold: z score ≥ 0.95.
†Location provided in Montreal Neurological Institute space.
‡Label of the gyrus given for anatomic region.

Table 4: Results of the white matter tract-based spatial statistics analysis; comparisons between patients with first-episode psychosis and healthy
controls*

Test; contrast; cluster index
Cluster

size, mm3
Maximum
z score

Location of
maximum z score† Centre of gravity†

Side Anatomic regionx y z x y z

Fractional anisotropy
FEP < control

1 6031 0.998 23 –33 43 19.7 –12 36.2 Right Genu of the corpus callosum; superior
longitudinal fasciculus; forceps minor;
corticospinal tract; inferior fronto-occipital
fasciculus

2 2212 0.992 –29 –55 –42 –20.4 –54.1 –35.6 Left Middle cerebellar peduncle .

3 1420 0.976 –27 –24 9 –21.5 –21.6 28.9 Left Genu of the corpus callosum; corticospinal
tract

4 682 0.966 –35 –73 –10 –37.6 –64.2 –4.5 Left Inferior longitudinal fasciculus, inferior fronto-
occipital fasciculus

FEP > control

No suprathreshold voxels — — — — — — — — — —

Radial diffusivity
FEP < control

No suprathreshold voxels — — — — — — — — — —

FEP > control

1 1072 0.985 23 –33 44 14.5 –31.5 34.2 Right Corticospinal tract; superior longitudinal
fasciculus

2 352 0.963 –12 –65 –35 –13.7 –61.3 –31.1 Left Middle cerebellar peduncle

FEP = first-episode psychosis
*Suprathreshold voxels after threshold-free cluster enhancement–correction for multiple comparisons for the voxel-based morphometry analysis. Significant threshold: z score ≥ 0.95.
†Location provided in Montreal Neurological Institute space.
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 differences either. In contrast, the analysis of the whole grey
matter with mean diffusivity VBA (including 156 460 voxels)
showed a significantly greater mean diffusivity in the first-
episode psychosis group than in the control group within the
medial occipital cortex bilaterally, and the right lateral occipital
and right inferior temporal cortices. Interestingly, Ardekani and
colleagues,15 using a similar index, found a greater apparent dif-
fusion coefficient in patients with schizophrenia than controls in
regions including the temporal and occipital areas. In agreement
with Narr and colleagues,14 our results suggest that the presence
of a subtle enlargement of the cortical sulci in posterior areas
rather than lower cortical grey matter tissue is a robust neuro -
anatomical correlate of first-episode psychosis.

White matter changes in first-episode psychosis

Our results strongly support the previously published VBM
analyses of DTI data. We found lower fractional anisotropy in
our first-episode psychosis group than in the control group in
the genu of the corpus callosum and in the right minor forceps
(as reported by Perez-Iglesias and colleagues16), in the right su-
perior longitudinal fasciculus and the right corticospinal tract
(as reported by Kyriakopoulos and colleagues17), and in the left
middle cerebellar peduncle (as reported by Kyriakopoulos and
colleagues19). Compared to ROI studies, our findings are con-
gruent with the lower fractional anisotropy reported in the
genu of the corpus callosum, right superior longitudinal fasci-
culus and left inferior longitudinal fasciculus in patients with
first-episode psychosis.20,21 However, our results are discordant
with the lower fractional anisotropy reported in the splenium
of the corpus callosum, uncinate fasciculus and left superior
longitudinal fasciculus.20,21 Overall, our results were similar to
those reported in 2 recent TBSS studies involving adolescents
with first-episode psychosis with respect to the lower frac-
tional anisotropy among a vast network of fibre tracts.6,23 How-
ever, in contrast to Douaud and colleagues,23 we also found
greater radial diffusivity in a network of fibre tracts similar to
those highlighted in the fractional anisotropy analysis.

Our findings of a widespread lower fractional anisotropy in
several corticocortical tracts give additional support to the dis-
connection hypothesis in first-episode psychosis. It is thus
likely that neuronal interactions could be impaired by micro -
structural abnormalities in the geometry of axonal branches,
the caliber of axons and/or the spatial distribution of syn -
apses.31 Although the type of structural alterations underlying
the change of the different DTI indexes is still debated,32 lower
fractional anisotropy combined with greater radial diffusivity
has often been associated with a lack of myelin.33 Thus, the
lower fractional anisotropy and the concomitant greater radial
diffusivity within several regions already highlighted in the
fractional anisotropy analysis in our series would support the
view of tardy myelination in patients with schizophrenia, pos-
sibly due to a delay in ongoing brain maturation.34

Impact of pharmacological treatment

Importantly, these differences could not have been due to the
treatment of all patients with antipsychotic medications. We

controlled for the influence of medication in the present
study, as medication load was entered as a nonexplanatory
coregressor both in the mean diffusivity VBA and TBSS
analyses. It is highly likely that the period of time between
the introduction of the pharmacological treatment and MRI
(< 8 mo) was probably too short to have a significant impact
on grey matter integrity. When medication load was entered
as a unique regressor, we did not find any significant correla-
tion between medication load and mean diffusivity VBA or
TBSS parameters.

Grey versus white matter changes in first-episode psychosis

To our knowledge, 3 cross-sectional studies have concomi-
tantly analyzed grey and white matter in patients with first-
episode psychosis. James and colleagues6 and Douaud and
colleagues23 studied both grey matter VBM and white matter
TBSS in adolescent patients, whereas Moriya and colleagues35

studied grey matter VBM, and fractional anisotropy and
mean diffusivity VBA in patients with first-episode psychosis
between the ages of 13 and 52 (mean 30) years. James and
colleagues6 found globally less grey matter tissue and lower
fractional anisotropy in a vast network of white matter tracts
in patients with first-episode psychosis than in controls.
Douaud and colleagues23 found less grey matter tissue in the
Heschl gyrus, parietal operculum and the supplementary
motor area and lower fractional anisotropy in a vast network
of white matter tracts in patients with first-episode psychosis
than in controls. Finally, Moriya and colleagues35 did not find
any significant difference in the amount of grey matter tissue
or fractional anisotropy between patients with first-episode
psychosis and controls. In line with the findings reported in
these 3 studies, our results suggest that both grey and white
matter changes are more pronounced in patients with first-
episode psychosis with younger age at onset than in those
with older age at onset. In any case, these combined results,
as well as the drastic reduction of the grey and white matter
alterations in adolescent patients with first-episode psychosis
after 1 year follow-up reported by Haller and colleagues,36

 argue against the classical neurodegenerative scenario.
Our results suggest that VBM analysis of grey matter could

be less sensitive than TBSS analysis of fractional anisotropy.
The restricted VBM analysis (including only 65 233 voxels)
failed to show any significant results, whereas the TBSS
analysis (including 96 506 voxels) of the fractional anisotropy
within all the white matter tracts yielded significant results.
This observation is consistent with several combined VBM
and TBSS studies.36,37

Correlation between clinical or cognitive measures and
grey or white matter data

In this series, we found no significant correlations between
grey and white matter data and clinical or cognitive meas -
ures. Previous studies showed that at least some of the clinic -
al parameters, such as delusion severity, may be associated
with grey and white matter changes in patients with first-
episode psychosis.38,39 Similarly, some previous contributions
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pointed to the positive correlation between executive func-
tion and working memory performances and white matter
changes in these patients.21,40 Similar observations were made
by Minatogawa-Chang and colleagues41 with respect to grey
matter volumes in prefrontal and temporoparietal areas. We
cannot exclude that the limited number of highly selected pa-
tients with first-episode psychosis and the use of 6-direction
DTI with 5 mm slice thickness may have prevented us from
detecting subtle correlations between clinical, cognitive and
MRI data. However, this is an unlikely scenario given the
positive data obtained in group comparisons with the same
patient sample size. Alternatively, this absence of a relation
may reflect the fact that grey and white matter changes are
trait markers of the disease progression that remain in -
depend ent of the clinical (or cognitive) status. Future studies
in cohorts with first-episode psychosis are clearly needed to
further explore this issue.

Limitations

Strengths of this study include the use of various MRI analy-
ses (VBM, mean diffusivity VBA and TBSS), the high reliabil-
ity of the diagnosis owing to the 6 months of follow-up by
2 independent psychiatrists, the careful exclusion of psychi-
atric comorbidities that could impact on the structural im -
aging data and our control for pharmacological treatment ef-
fect on MRI parameters. However, several limitations should
also be taken into account. First, similar to previous studies
involving patients with first-episode psychosis, our sample
size was relatively small. Second, we only included male pa-
tients in our series. Third, the use of only 6 gradients of direc-
tion limited the precision of fractional anisotropy values.
Fourth, since our study focused on the identification of subtle
MRI changes in patients with first-episode psychosis and
their possible cognitive repercussions, we did not administer
the same cognitive tasks in our control group. Thus, we are
not able to definitively rule out the possibility that the neural
differences we found between patients and controls are
 owing to a difference in cognitive performances between
these 2 groups. However, several arguments did not support
this hypothesis. First, our study patients obtained cognitive
performances well within the age-related norms, and we did
not find any significant correlations between cognitive tests
and neuroimaging data in the patient group. Second, we did
not find any significant correlations between cognitive tests
(including processing speed, attention, working memory and
executive function tests) and neuroimaging data (including
grey matter and mean diffusivity VBA and fractional
anisotropy TBSS) within a group of 16 young healthy con-
trols between the ages of 20 and 34 years in a subset of data
from among our previous studies.42 Finally, a detailed history
of cannabis use (including duration and quantity of con-
sumption) for our patients was missing. 

Conclusion

Future longitudinal studies addressing these limitations in
community-dwelling series are needed to explore whether

early grey and white matter changes may represent a predict -
ive marker of evolution of first-episode psychosis.
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