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Background. Some neuroimaging studies have supported the hypothesis of progressive brain changes after a first

episode of psychosis. We aimed to determine whether (i) first-episode psychosis patients would exhibit more

pronounced brain volumetric changes than controls over time and (ii) illness course/treatment would relate to those

changes.

Method. Longitudinal regional grey matter volume and ventricle :brain ratio differences between 39 patients with

first-episode psychosis (including schizophrenia and schizophreniform disorder) and 52 non-psychotic controls

enrolled in a population-based case-control study.

Results. While there was no longitudinal difference in ventricle :brain ratios between first-episode psychosis subjects

and controls, patients exhibited grey matter volume changes, indicating a reversible course in the superior temporal

cortex and hippocampus compared with controls. A remitting course was related to reversal of baseline temporal

grey matter deficits.

Conclusions. Our findings do not support the hypothesis of brain changes indicating a progressive course in the

initial phase of psychosis. Rather, some brain volume abnormalities may be reversible, possibly associated with a

better illness course.
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Introduction

Several longitudinal magnetic resonance imaging

(MRI) studies of first-episode psychosis (FEP) have

investigated the possibility of a progressive deterio-

ration in brain morphology in schizophrenia during

early stages of illness (Pantelis et al. 2005 ; DeLisi,

2008). Grey matter (GM) volume loss or ventricular

volume increase over time have been reported in some

(Cahn et al. 2002 ; Kasai et al. 2003a, b ; Nakamura et al.

2007 ; Théberge et al. 2007 ; Koo et al. 2008 ; van Haren

et al. 2008 ; Sun et al. 2009 ; Mané et al. 2009) but not all

such MRI investigations (Keshavan et al. 1998 ; Ho et al.

2001 ; Lieberman et al. 2001 ; Puri et al. 2001; Wood et al.

2001 ; DeLisi et al. 2004 ; Zipursky et al. 2004; DeLisi &

Hoff, 2005; Whitworth et al. 2005 ; Price et al. 2006).

Up until now, no longitudinal MRI studies of FEP

have used population-based designs, which enable the

recruitment of cases of incident psychosis from well-

defined catchment areas, and healthy controls from

exactly the same neighbourhood. Such epidemiologi-

cal designs minimize limitations of sample size, allow

the inclusion of patients from the entire spectrum of

psychosis severity, and increase confidence that the

samples of patients and healthy controls are rep-

resentative of the population from the environmental

setting whence they are recruited (Tanskanen et al.

2008).

We previously reported results of a population-

based, voxel-based morphometry (VBM) study, which

compared a relatively large sample of FEP cases with a

group of asymptomatic controls recruited exactly in

the same area. Significant GM volume reductions in

FEP subjects relative to controls emerged in regions

previously highlighted as critical to the pathophysio-

logy of schizophrenia, namely the prefrontal cortex,

superior temporal gyrus (STG), insula and hippo-

campal area (Schaufelberger et al. 2007). In the present
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report, we describe the results of a longitudinal study

in which repeated morphometric MRI data were ac-

quired after a median period of 15 months in a sub-

sample of the above group of FEP cases and controls.

In a hypothesis-driven fashion, we predicted that

changes in ventricle size and GM volume indicating

a progressive course would be present in the FEP

patients compared with controls, involving most

prominently the frontal and temporal regions im-

plicated both in the previous longitudinal MRI studies

of FEP (DeLisi, 2008) and in our own case-control in-

vestigation of GM abnormalities in FEP at baseline

(Schaufelberger et al. 2007). Given the inclusion of

cases from the entire spectrum of psychosis severity in

our study, we also aimed to test the hypothesis that

morphological changes in the above brain structures

indicating a progressive course would be present

in subjects with non-remitting illness compared with

remitting cases of schizophrenia/schizophreniform

disorder.

Method

Subjects and clinical assessments

The sample originated from a population-based mor-

phometric MRI study of FEP carried out in a circum-

scribed geographical area of São Paulo, Brazil (Sao

Paulo Study; Menezes et al. 2007). In this baseline

study, MRI data were acquired in a sample of 122 FEP

subjects, including 62 patients with schizophrenia or

schizophreniform disorder (FESZ group), identified

by active surveillance of cases that made contact for

the first time with local health services for psychotic

symptoms, and were compared with images of 94 age-

and gender-matched non-psychotic controls recruited

from exactly the same geographical areas (next-door

neighbours) (Schaufelberger et al. 2007).

The present longitudinal investigation was set up

within 6 months after completion of the above baseline

MRI study, and was conducted over a period of ap-

proximately 2 years, during which all subjects above

were invited for a second MRI scanning session. Both

the baseline and follow-up MRI investigations were

approved by the ethics committee and informed con-

sent forms were signed by all subjects before image

acquisitions.

From the initial sample of 122 patients and 94 con-

trols who participated in the baseline MRI study,

80 patients and 52 controls were rescanned. This cur-

rent longitudinal study reports the data from the sub-

group of 39 patients with FESZ and the controls.

All subjects were interviewed by means of the

Structured Clinical Interview for Diagnostic and

Statistical Manual for Mental Disorders (DSM-IV; First

et al. 1995) both at the outset of the epidemiological

investigation and at the follow-up evaluation.

Inclusion criteria for patients were first contact with

mental health services for a psychotic episode and a

confirmed diagnosis of psychotic disorders according

to DSM-IV criteria (APA, 1994). Exclusion criteria for

both groups were : history of head injury, neurological

disorders or organic disorders that could affect the

central nervous system and contraindications for MRI

scanning.

Cases’ clinical status was assessed at both time

points by the Positive and Negative Syndrome Scale

(PANSS; Kay et al. 1987). Patients with FESZ (n=39)

were categorized in terms of their clinical outcome.

This was defined by a remitting/non-remitting

course during follow-up, according to the DSM-IV

course specifier assessed after at least 1 year from the

baseline assessment (remitting coursemeaning a single

episode in full remission and absence of clinically

important symptoms and a non-remitting course

meaning continuous, episodic or residual symptoms).

MRI acquisition

Subjects received MRI scans at baseline and after a

mean interval of 16 (S.D=6, range 8–40) months.

Imaging data were acquired using either of two MRI

scanners at the Hospital das Clı́nicas of the University

of São Paulo, both from the same manufacturer

(1.5-T GE Signa, General Electric, USA). Exactly the

same acquisition protocols were used for all scans

[a T1 spoiled gradient echo (T1-SPGR) sequence pro-

viding 124 contiguous slices, voxel size=0.86r
0.86r1.5 mm, echo time=5.2 ms, repetition time=
21.7 ms, flip angle=20x, field of view=22 cm, matrix

size=256r192 mm].

VBM processing

The processing of MRI datasets for VBM was per-

formed using the Statistical Parametric Mapping

package (SPM2; Wellcome Department of Imaging

Neuroscience, UK), executed in Matlab (Mathworks,

USA). A standard template set was created specifically

for our longitudinal study, comprising the baseline

and follow-up MRI datasets of each subject ; subse-

quently, the original images were processed according

to the SPM2 optimized protocol (Good et al. 2001) fol-

lowing the same procedures described for the baseline

MRI study (Schaufelberger et al. 2007) and made ready

for statistical analyses (see below).

Ventricle :brain ratio (VBR) measurements

Lateral ventricles (LVs) were assessed using a manual

region of interest (ROI) method applied with the
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MRICRO 1.40 software (http://www.sph.sc.edu/

comd/rorden/mricro.html). The anterior and pos-

terior horns and the body of the ventricle were com-

bined as one single ROI drawn sequentially on coronal

slices along the entire extension of the LV.

Measurements were taken separately for each hemi-

sphere, starting on the slice in which the anterior

commissure could be best visualized and continuing

anteriorly and then back posteriorly. In order

to minimize the number of slices that had to be

measured, a reliability analysis was conducted on a

subsample of 10 healthy controls.

Intraclass correlation coefficients (ICCs) were de-

rived to compare the strategies of assessing both LVs

(excluding the temporal horns) in all contiguous slices

against one in 10 slices. The total number of voxels was

estimated by multiplying the number of measured

voxels in the ventricle ROIs by the frequency of the

slices that were assessed (one in 10) and ICC values

were 0.98 [F(19)=0.01] bilaterally. Based on that, the

one in each 10 slices frequency was selected for use in

the overall study. The assessment of the temporal

horns was performed separately : these weremeasured

in all slices in which they could be visualized, and the

sum of all the drawn voxels was used as the final

measure of temporal horn volume. Only one rater

(P.G.P.R.) was responsible for all measurements,

which were performed blindly to all subjects’ demo-

graphic characteristics and diagnoses. Inter-rater

reliability with one other experienced researcher

(F.L.S.D.) was higher than 0.9 for all LV indices.

In order to allow the calculation of VBRs, a measure

of total brain volume in each subject was obtained

using the brain extraction tool (BET) function of the

MRICRO software, which excludes all extra-brain tissue

before summing the remaining voxels including the

cerebrum, cerebellum and brainstem. The ratio be-

tween the total ventricle volume (number of voxels)

and the total brain volume is a measure of the pro-

portion of the brain volume that is occupied by the

ventricular ROI. This procedure resulted in four indi-

ces to be included in the analyses : left and right LV

VBRs (VBR-LV), and left and right temporal horn

VBRs (VBR-TH).

Statistical analyses

Sociodemographic/clinical data and VBR measures

were analysed using SPSS version 14 (SPSS Inc., USA)

and statistical significance was set at p<0.05 (two-

tailed). For the assessment of between-group differ-

ences in GM and VBR change from the baseline to the

follow-up MRI assessment, repeated-measures ana-

lyses of variance (ANOVA) were conducted.

Firstly, we compared the FESZ group versus the

controls. Subsequently, in the group of patients, we

investigated longitudinal MRI differences between:

those who were on treatment and those who had not

been exposed to treatment (or had stopped treatment)

during the follow-up period; and those who exhibited

a remitting versus a non-remitting illness course. In the

VBR analysis, VBR-LV or VBR-TH was included as a

dependent variable, time and hemisphere as within-

subjects factors, and group as a between-subjects

factor.

For the VBM analyses, we investigated whether

there were longitudinal GM changes between groups

by performing repeated-measures analyses of covari-

ance (ANCOVA) of regional GM differences using the

general linear model, with group and time as factors.

Only voxels with values above an absolute threshold

of 0.05 entered the analyses. A measure of the total

amount of GMwas entered as a covariate, given by the

sum of voxels within the corresponding GM com-

partment of each subject. In all analyses, resulting

statistics at each voxel were transformed to Z scores,

and between-group differences were displayed as

statistical parametric maps (SPMs) of the grouprtime

interactions into standard anatomical space, thres-

holded at the one-tailed p<0.001 level of significance

(corresponding to a Z>3.09 threshold).

In order to investigate whether there were signifi-

cant findings in areas where GM abnormalities had

been predicted a priori, we used the small volume

correction (SVC) tool in SPM2, with the purpose of

restricting the comparisons to specific voxels located

in areas where abnormalities (reduced GM in patients

compared with controls) had been found at the pre-

viously reported baseline MRI investigation, including

the bilateral prefrontal and superior temporal cortices,

hippocampus and insula (Schaufelberger et al. 2007).

Any clusters of voxels showing significant findings

within each of those volumes of interest were reported

only if they survived family-wise error (FWE) correc-

tion for multiple comparisons (p<0.05) over that re-

gion. Finally, the SPM maps were inspected again on

an exploratory basis, in order to identify significant

findings in unpredicted regions across the entire brain.

Such unpredicted findings were reported as statisti-

cally significant only if surviving FWE correction for

multiple comparisons (p<0.05) over the whole brain.

In the VBR and in the VBM analyses, gender was

included as a covariate when groups showed statisti-

cally significant difference for this variable.

Inter-scanner reliability

Because images were acquired using two MRI scan-

ners, we conducted an investigation of the reliability
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of brain volumes measured using the two pieces of

equipment, as described previously (Schaufelberger

et al. 2007). Briefly, six healthy volunteers were

(re)scanned on the same day on the two machines, and

we obtained ICC values higher than 0.90 for the neo-

cortical and medial temporal regions. The ICC values

for the ROI-based measurements of the ventricular

region were : 0.99 and 0.99 for the right and left LVs;

0.96 and 0.99 for the right and left temporal horns ; and

0.90 for total brain volume.

Although we had obtained high ICC values in the

inter-scanner reliability assessment, all statistical

analyses were repeated including scanner as a con-

founding covariate. Also, given the wide variability

in inter-scanning intervals, each VBR analysis was re-

peated including the time interval between scans as a

confounding covariate.

Results

Sociodemographic/clinical characteristics

There were no significant differences between subjects

who were included in the longitudinal study and

those who were not in terms of their sociodemo-

graphic and clinical characteristics at the outset of the

study.

In the final sample of the longitudinal study, there

were no differences between patients (n=39) and

controls (n=52) regarding their mean interscanning

interval [patients : 16.6 (S.D.=6.7) months, controls :

15.6 (S.D.=5.3) months, t=0.85, p=0.4] or number of

participants examined in each scanner (x2=4.6,

p=0.09). Sociodemographic and clinical character-

istics of the sample are shown in Table 1.

The remitted FESZ subsample (comprising two

patients with a diagnosis of schizophrenia but who

were fully remitted plus eight patients who retained a

diagnosis of schizophreniform disorder at follow-up)

was not significantly different from the non-remitted

subgroup (n=29) in terms of sociodemographic and

clinical variables, with the exception of lower total

PANSS scores at follow-up [35.7 (S.D.= 4.3) versus 50.2

(S.D.=11.7), respectively, t=5.6, p<0.001].

In the FESZ subgroup, 25 patients were on anti-

psychotic treatment at follow-up, while 14 had not

been exposed to treatment or had stopped their

Table 1. Sociodemographic and clinical characteristics of subjects who completed the

follow-up magnetic resonance imaging studya

Characteristics

FESZ

(n=39)

Controls

(n=52)

FESZ v.

controls : p

Mean age, years (S.D.) 29.5 (9) 31.8 (8.8) 0.21

Gender, n 0.015

Male 30 27

Female 9 25

Mean education, years (S.D.) 9 (3.3) 10.5 (4) 0.076

Diagnosis with DSM-IV, n

Schizophrenia : 295.10 ; 295.30 ; 295.60

or 295.90

31 – –

Schizophreniform disorder : 295.40 8 – –

Mean age at onset, years (S.D.) 27 (9.2) – –

Mean PANSS, total score (S.D.)b

Baseline 48.7 (11.5) – –

Follow-up 46.51 (12) – –

On treatment at follow-up, n 25 – –

Clinical course, n

Full remission 10 – –

Continuous or relapsing 29 – –

FESZ, First-episode schizophrenia or schizophreniform disorder ; S.D., standard

deviation ; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders ; PANSS,

Positive and Negative Syndrome Scale.
a The analysis of continuous variables was carried out using the t test for inde-

pendent samples, paired t test and analysis of variance ; the analysis of categorical

variables was carried out with the x2 test.
b Paired t test for within-group analysis of PANSS for patients with FESZ : p=0.38.
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medication during the follow-up interval (as shown in

Table 2).

Between-group VBM comparisons

Significant ANCOVA grouprtime interactions (with

gender as covariate) were found when FESZ subjects

(n=39) were compared with controls (n=52) in the

left STG and right hippocampus (Table 3 ; Fig. 1). The

distribution of GM peak values (voxel values extracted

from the coordinate of maximal statistical significance,

corrected for the total GM in the brain) of each subject

in these clusters revealed that the significant interac-

tion was due to a GM increase in FESZ patients, with

no change in the controls in these brain regions

(Table 4).

Between-group comparisons of VBR measurements

VBR values for each group are shown in Table 5.

For FESZ subjects versus controls, a significant main

effect of group indicated larger ventricle size in FESZ

patients relative to controls in respect of the VBR-LV

(F=4.61, p=0.034), but there was no statistical signi-

ficance regarding the main effect of time or groupr
time interaction (Table 6).

However, the VBR comparison of the temporal

horns (VBR-TH) between FESZ subjects and con-

trols showed a trend towards significance for the

diagnosisrtime interaction (F=3.8, p=0.052, with

gender included as a covariate) (Table 6). Paired t

tests showed a significant reduction in VBR-TH

over time in patients (significant at right, t=2.7,

Table 2. FESZ according to antipsychotic drug exposure during follow-upa

Characteristics

Treated

FESZ

(n=25)

Untreated

FESZ

(n=14)b

Treated v.

untreated

FESZ : p

Mean age, years (S.D.) 28.2 (9.5) 27.7 (8.6) 0.86

Gender, n 0.69

Male 20 10

Female 5 4

Mean education, years (S.D.) 9.8 (3.5) 7.5 (2.3) 0.03

Mean interscanning interval, months (S.D.) 16.3 (6) 17 (8) 0.74

Mean age of psychosis onset, years (S.D.) 27.2 (9.5) 27 (8.6) 0.94

Mean exposure to antipsychotic drugs

during follow-up, days (S.D.)

352 (195) 78.8 (68.8)c <0.001

Mean chlorpromazine equivalents,

mg/day (S.D.)

248.2 (165) 159.4 (94.3)c 0.14

Antipsychotic drugs at follow-up, n N.A.

Haloperidol 12 5

Thioridazine 1 –

Risperidone 5 3

Olanzapine 4 –

Ziprasidone 1 –

Aripiprazole 1 –

Haloperidol plus olanzapine 1 –

Chlorpromazine – 1

No treatment – 5

Mean PANSS, total score (S.D.)

Baseline 48.5 (11.3) 49.7 (12.3) 0.88

Follow-up 49 (12.8) 42 (9.6) 0.07

FESZ, First-episode schizophrenia or schizophrenia disorder ; S.D., standard

deviation ; N.A., not applicable ; PANSS, Positive and Negative Syndrome Scale.
a Continuous variables were analysed with the t test for independent samples

and categorical variables were analysed with the x2 test or Fisher’s exact test.
b The untreated group comprised five patients with no exposure to antipsychotic

drugs during follow-up and nine patients who interrupted the treatment during

follow-up.
c Excluding five patients who had not been exposed to any treatment during

follow-up.
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p=0.01 ; trend level at left, t=1.9, p=0.06), but not in

controls.

Effects of clinical course in the FESZ subgroup

The VBM comparison between remitted and non-

remitted FESZ subjects revealed significant ANCOVA

grouprtime interactions in the left STG and right in-

sula (Table 3). Inspection of GM peak values in these

clusters revealed that GM increased over time in the

remitted FESZ subjects (Table 4). There were no sig-

nificant interactions between non-remitted FESZ sub-

jects and controls.

In the VBR comparisons between remitted and non-

remitted FESZ subjects, there was a significant main

effect of time for the VBR-TH (baseline>follow-up),

but there were no significant grouprtime interactions

regarding either the VBR-LV or VBR-TH indices

(Table 6). Also, the non-remitted FESZ subgroup

showed no significant progression of ventricle size

compared with controls.

Effects of treatment in the FESZ subgroup

The VBM comparison between treated and untreated

FESZ subjects revealed no significant ANCOVA

grouprtime interactions. Separate comparisons of

each of these subgroups against controls showed no

significant differences in GM change.

However, in the VBR comparisons between treated

and untreated FESZ patients, there was a significant

grouprtime interaction for the VBR-LV index

(F=5.34, p=0.026) (Table 6). This was due to trends in

opposite directions in the treated and untreated FESZ

subgroups: VBR values increased over time in medi-

cated subjects (paired t test ; right, t=2.4, p=0.020;

left, t=2.84, p=0.009), while there was a non-signifi-

cant VBR decrease in unmedicated subjects. In regard

to VBR-TH, there was a main effect of time (baseline

>follow-up). Separate comparisons of treated and

untreated FESZ patients against controls showed no

significant grouprtime interactions in VBR.

L –16

–12

–14 R

5

4

3

2

1

0

Fig. 1. Clusters of significant longitudinal differences in grey

matter volumes between patients with first-episode

schizophrenia/schizophreniform disorder (n=39) and

healthy controls (n=52), obtained from voxel-based

morphometry analyses (repeated-measures analysis of

covariance, grouprtime interaction, p<0.05, family-wise

error-corrected for multiple comparisons). The left superior

temporal gyrus and the right hippocampus are highlighted in

yellow, overlaid on coronal slices spatially normalized into

an approximation to the Talairach & Tournoux (1988)

stereotactic atlas. L, Left ; R, right.

Table 3. Voxel-based morphometry : longitudinal between-group analyses

Group comparison/anatomic location Cluster sizea
Peak

Z scoreb pc
Talairach

coordinatesd

FESZ (n=39) versus controls (n=52)

Left superior temporal gyrus 74 3.83 0.015 x51, 15, 1

Right hippocampus 05 3.41 0.028 26, x14, x9

Remitted FESZ (n=10) versus non-remitted FESZ (n=29)

Left superior temporal gyrus 87 3.81 0.020 x54, x8, x6

Right insula 02 3.71 0.023 38, x16, 22

Right insula 04 3.48 0.045 36, x22, 20

FESZ, First-episode schizophrenia or schizophreniform disorder.
a Total number of contiguous voxels in each region above an initial cut-off of Z>3.09.
bZ scores for the voxels of maximal statistical significance.
c Repeated-measures analysis of covariance, grouprtime interaction. Statistical significance after correction for multiple

comparisons (voxel level).
d Talairach & Tournoux (1988) coordinates of the voxel of maximal significance within each region.
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Table 4. Grey matter clusters of significant between-group differences : mean voxel values

Brain region

(peak coordinate)

Mean voxel values (S.D.) for each group

Repeated-measures ANOVA or ANCOVAa

T0 v. T1 : paired t testb

FESZ, T0 FESZ, T1 Controls, T0 Controls, T1

Main effect

of time

Main effect

of group

Grouprtime

interaction FESZ Controls

Left STG

(x51, 15, 1)

0.5008 (0.037) 0.5179 (0.040) 0.5147 (0.049) 0.5143 (0.051) 4.9

0.03

1.32

0.253

12.2

0.001

5.26

<0.001

1.26

0.9

Right hippocampus

(26, x14, x9)

0.4980 (0.035) 0.5108 (0.034) 0.5161 (0.044) 0.5143 (0.049) 11

0.001

3.18

0.078

7.24

0.009

3.82

<0.001

0.64

0.52

Remitted

FESZ, T0

Remitted

FESZ, T1

Non-remitted

FESZ, T0

Non-remitted

FESZ, T1

Main effect

of time

Main effect

of group

Grouprtime

interaction

Remitted

FESZ

Non-remitted

FESZ

Left STG gyrus

(x54, x8, x6)

0.5157 (0.035) 0.5387 (0.034) 0.5112 (0.037) 0.5107 (0.039) 18.47

<0.001

1.44

0.23

20.1

<0.001

5.28

0.001

0.18

0.858

Right insula

(38, x16, 22)

0.3511 (0.037) 0.3613 (0.039) 0.3266 (0.038) 0.3222 (0.037) 2.04

0.16

13.1

0.001

5.3

0.027

3.37

0.008

2.08

0.047

S.D., Standard deviation ; ANOVA, analysis of variance ; ANCOVA, analysis of covariance ; T0, baseline ; T1, follow-up ; FESZ, first-episode schizophrenia or schizophreniform disorder ;

STG, superior temporal gyrus.
a F values and p values.
b t values and p values.
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Inclusion of interscanning interval and scanner as

confounding covariates in each analysis did not alter

the VBM or VBR results.

Discussion

To the best of our knowledge, this is the first longi-

tudinal morphometric MRI evaluation of a group of

first-episode schizophrenia spectrum disorder (com-

prising schizophrenia and schizophreniform disorder

patients, FESZ) subjects drawn from a population-

based sample of incident cases of psychosis recruited

consecutively from a circumscribed geographical re-

gion, using epidemiological methods. Our strategy of

recruiting healthy controls from the same neighbour-

hood was not employed in any previous longitudinal

MRI studies of psychosis. While our baseline assess-

ment had revealed regional GM decrements in fronto-

temporal and hippocampal areas in FESZ subjects

relative to controls (Schaufelberger et al. 2007), the

Table 5. Patients with first-episode psychosis and controls : VBRsa

Measure Side Time FESZ (n=39)

Remitted

FESZ

(n=10)

Non-remitted

FESZ

(n=29)

Treated

FESZ

(n=25)

Untreated

FESZ (n=14)

Controls

(n=52)

VBR-LV, % Right T0 0.48 (0.21) 0.51 (0.22) 0.47 (0.21) 0.48 (0.20) 0.47 (0.22) 0.38 (0.16)

T1 0.50 (2.2) 0.51 (0.23) 0.49 (0.21) 0.53 (0.22) 0.44 (0.21) 0.41 (0.16)

Left T0 0.54 (0.23) 0.56 (0.23) 0.54 (0.23) 0.56 (0.22) 0.52 (0.26) 0.42 (0.19)

T1 0.57 (0.24) 0.57 (0.26) 0.57 (0.24) 0.60 (0.23) 0.52 (0.27) 0.45 (0.19)

VBR-TH, % Right T0 0.034 (0.011) 0.034 (0.012) 0.034 (0.010) 0.034 (0.014) 0.035 (0.012) 0.031 (0.009)

T1 0.031 (0.008) 0.030 (0.008) 0.031 (0.009) 0.031 (0.008) 0.030 (0.009) 0.030 (0.009)

Left T0 0.032 (0.012) 0.033 (0.015) 0.032 (0.018) 0.030 (0.011) 0.035 (0.013) 0.027 (0.007)

T1 0.030 (0.009) 0.029 (0.009) 0.030 (0.010) 0.030 (0.010) 0.030 (0.009) 0.028 (0.008)

Data are given as mean (standard deviation).

VBR, Ventricle :brain ratio ; FESZ, first-episode schizophrenia or schizophreniform disorder ; LV, lateral ventricle

(encompassing the anterior, body and posterior portions of the lateral ventricles) ; T0, baseline ; T1, follow-up ; TH, temporal

horns.
a VBR values are percentage of the region of interest in the brain volume.

Table 6. Longitudinal analyses of VBRs in first-episode psychosis patients and controls

FESZ (n=39) v.

controls (n=52)a
Remitted (n=10) v.

non-remitted (n=29) FESZa

Treated (n=25) v.

untreated (n=14)b

VBR-LV VBR-TH VBR-LV VBR-TH VBR-LV VBR-TH

Main effect of time 0.025 0.48 1.78 6.39 1.84 7.68

0.87 0.48 0.19 0.016 0.183 0.009

Main effect of group 4.612 2.21 0.07 0.001 0.60 0.15

0.034 0.14 0.8 0.97 0.44 0.69

Grouprtime interaction 0.16 3.88 0.63 0.70 5.34 2.04

0.69 0.052 0.43 0.40 0.026 0.16

Grouprtimerhemisphere

interaction

0.023 0.078 0.08 1.44 0.65 0.92

0.88 0.78 0.78 0.23 0.42 0.34

VBR, Ventricle :brain ratio, expressed as a percentage of the brain volume that is occupied by the region of interest ; FESZ,

patients with first-episode schizophrenia or schizophreniform psychosis ; VBR-LV, the region of interest includes the anterior,

body and posterior portion of the lateral ventricle ; VBR-TH, the region of interest includes the temporal horns of the lateral

ventricle.
a Repeated-measures analysis of covariance with time and hemisphere as within-subject factors, group as between-subject

factor and gender as covariate. Analysis repeated with interscanning interval or scanner did not alter the results. F and p values.
b Repeated-measures analysis of variance with time and hemisphere as within-subject factors and group as between-subject

factor. Analyses repeated with interscanning interval or scanner did not alter the results. F and p values.
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present follow-up MRI evaluation found no evidence

of accelerated volumetric GM reductions in patients

compared with controls. These findings indicate that,

in psychosis, brain volume abnormalities are already

present at the onset of illness but are not necessarily

progressive.

Contrary to our a priori hypothesis, FESZ subjects

exhibited GM volume changes, indicating a reversible

course in the left STG and right hippocampus, regions

that we previously found to show volumetric reduc-

tions in the FESZ group compared with controls at

the baseline investigation (Schaufelberger et al. 2007).

Consistent with such longitudinal VBM results is the

lack of increment in lateral ventricular size in patients

relative to controls over time. Indeed, we found a re-

duction in lateral temporal horn volumes over time

in FESZ patients, but not in controls, resulting in a

grouprtime interaction at trend level. Such results are

not in agreement with a number of previous longi-

tudinal morphometric MRI investigations of FESZ

which have reported progression of brain abnormali-

ties in schizophrenia (Cahn et al. 2002 ; Kasai et al.

2003a ; Nakamura et al. 2007 ; Théberge et al. 2007 ;

Mané et al. 2009), but are in accordance with other

studies which failed to find this progression or even

showed reversal of STG deficits (Keshavan et al. 1998)

or lesser reduction of temporal lobe GM volume in

patients than in controls (Gur et al. 1998).

One potential explanation for our findings is that

any progressive GM changes associated with schizo-

phrenia might have already occurred maximally by

the time of the baseline MRI scan, for instance in

prodromal phases of the disorder (Pantelis et al. 2005 ;

Lappin et al. 2007 ; Wood et al. 2008). If substantial

changes had already occurred, further structural brain

changes would be minimal, and perhaps less readily

demonstrable in the ensuing follow-up period. Meta-

analytic evidence suggests that GM reductions in

schizophrenia compared with age-matched controls

are relatively minor in degree (Wright et al. 2000). It

has been posited that these brain volume changes may

be greatest in the early stages of illness, just as the

greatest deterioration in social and occupational func-

tion in schizophrenia subjects often occurs in the first

years following onset (McGlashan, 2006).

One other potential explanation for the dis-

crepancies between our findings and those of some

previous longitudinal MRI studies of schizophrenia is

the fact that there are important distinctions in the

clinical characteristics of the samples included in

each investigation. The present longitudinal MRI

study of FEP is the first to use epidemiologicalmethods

to identify and assess cases directly from the com-

munity living in a circumscribed geographical region.

Up to 25% of the FESZ group were in remission at the

follow-up scan; thus, they are likely to be representa-

tive of the full range of possible outcomes of FEP

(Menezes et al. 2006). In contrast, previous MRI studies

evaluated patients recruited in in-patient hospital

settings (Lieberman et al. 2001 ; Ho et al. 2003 ; Kasai

et al. 2003a,b) and/or specialized psychiatric services

(Cahn et al. 2002; van Haren et al. 2008). In such pre-

vious studies, subjects diagnosed as suffering from

schizophreniform psychosis at the outset invariably

fulfilled DSM-IV criteria for schizophrenia at 1-year

follow-up (Hulshoff Pol et al. 2001; Cahn et al. 2009).

Thus the design of these previous investigations

privileged the inclusion of more severe cases of schizo-

phrenia, and they are highly likely to have missed

remitting cases.

Consistent with this possibility, the subset of FESZ

subjects who presented with a remitting course in the

current study displayed a significantly different pat-

tern of longitudinal GM volumes in the STG and

insula compared with the FESZ subjects with a con-

tinuous or relapsing course of illness. Indications of a

direct association between favourable outcome of

schizophrenia and lesser brain volume deficits at fol-

low-up were described in a number of previous MRI

studies (Lieberman et al. 2001 ; Cahn et al. 2002 ; Ho

et al. 2003 ; Nakamura et al. 2007; van Haren et al. 2008).

In accordance with our study, the work by Kasparek

et al. (2009) failed to find a progression of GM deficits

in FESZ subjects over 1 year and the authors also could

show differences between patients according to out-

come, with the poor functional patients exhibiting

greater longitudinal prefrontal GM decrements than

the good outcome subgroup.

Our results showing absence of a progressive

course in brain volume abnormalities in the FESZ

group suggest that the notion of schizophrenia as a

progressive brain disorder (Lieberman, 1999 ; DeLisi,

2008) may not be applicable to all types of the schizo-

phreniform syndrome. Rather, our MRI findings of

reversible GM deficits in key brain structures in sub-

jects with remitting schizophrenia/schizophreniform

psychosis possibly indicate neuroplastic changes

occurring in the brains of those patients. Several lines

of research have supported theories suggesting dis-

turbances in brain plasticity in schizophrenia. These

include evidence that genes implicated in neuronal

plasticity are involved schizophrenia and that adult

neurogenesis is disturbed in this disorder (Toro &

Deakin, 2007). There is also evidence indicating de-

creased synaptic markers and altered brain apoptotic

regulatory proteins in schizophrenia (Glantz et al.

2006) and findings that glutamatergic and dopami-

nergic systems are involved in the mediation of

neuroplastic processes in the brain (Scott & Aperia,

2009). Findings that brain structural abnormalities in

First-episode psychosis : a longitudinal MRI study 1685

https://doi.org/10.1017/S0033291710002163 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291710002163


schizophrenia may be reversible, such as those gener-

ated by the present study, may further encourage the

pursuit of therapeutic strategies for schizophrenia

based on regenerative plasticity changes.

One important issue in longitudinal MRI studies of

FEP is whether the use of antipsychotic drugs may

influence any progression of brain volume abnor-

malities (Navari & Dazzan, 2009 ; Smieskova et al.

2009). In all previous longitudinal studies that re-

ported progressive brain abnormalities in schizo-

phrenia subjects, the vast majority of patients

remained treated with antipsychotic drugs over the

follow-up period (Cahn et al. 2002 ; Kasai et al. 2003a, b ;

Nakamura et al. 2007 ; Théberge et al. 2007 ; van Haren

et al. 2008 ; Mané et al. 2009). Some of these studies

failed to demonstrate an influence of antipsychotic

drug exposure on the progression of volumetric brain

abnormalities in schizophrenia (Kasai et al. 2003a ;

Nakamura et al. 2007) ; however, other studies showed

an association between antipsychotic drug use and

longitudinal GM decrements (Cahn et al. 2002 ;

Lieberman et al. 2005). It has been proposed that drug

effects on brain volumes may vary depending on

whether typical or atypical antipsychotic drugs are

used, with the use of atypical antipsychotic drugs

posited to attenuate progression of brain volume defi-

cits over the course of the disorder (Lieberman et al.

2005 ; van Haren et al. 2008). Based on such assump-

tions, one could argue that the results of the present

study could have been determined by protective ef-

fects of antipsychotic drug treatment. This is, however,

unlikely, as there was not a predominance of use of

atypical antipsychotic drugs in our sample and, also,

ours is the first MRI follow-up study in which a sub-

stantial proportion of FEP patients remained largely

untreated over several months during the follow-up

period. Moreover, we found no difference in GM vol-

ume changes over time between subjects who spent

the majority of the follow-up period on treatment and

those who did not. Unexpectedly, we did find a dif-

ference between treated and untreated patients on

VBR measures, suggesting that antipsychotic drugs

may have influenced the enlargement of LVs. How-

ever, such interpretation has to be made with caution,

as it reflects both a ventricular enlargement in medi-

cated FESZ subjects and a trend-level ventricular vol-

ume decrement in unmedicated patients. Of note,

there was no difference in VBRs between medicated

FESZ subjects and controls.

Our findings suggest that brain volume abnormali-

ties, evident at the onset of psychotic disorders, may

not necessarily have a progressive course over the first

year. Rather, we found evidence that FEP-related

GM abnormalities are reversible in a proportion of

individuals with schizophrenia/schizophreniform

psychoses, and this reversal may be directly associated

with a better illness course. These results indicate that

schizophrenia should not be invariably seen as a pro-

gressive brain disorder and warrant further investi-

gation of hypotheses implicating potentially reversible

brain plasticity changes in psychotic disorders.

Limitations

In our follow-up investigation, we were not able to

acquire MRI scans in a proportion of the FESZ subjects

(37%) who had taken part in the baseline assessment.

However, those did not differ from those who partici-

pated in both assessments in regard to any baseline

clinical, sociodemographic or functional character-

istics and in regard to their outcomes (data not

shown).

As the magnitude of volumetric brain abnormalities

in schizophrenia is subtle, the FESZ sample size must

be considered modest, although the samples recruited

in previous longitudinal MRI studies that did detect

progression of brain volume abnormalities in FEP

subjects are comparable in size with, or smaller than,

those examined here (Pantelis et al. 2005 ; DeLisi, 2008).

It is also possible that the use of high levels of sig-

nificance with correction for multiple comparisons in

the current study might increase the risk of not de-

tecting a between-group difference that is truly pres-

ent in the population. Indeed, it must be recognize

that, although this study had a major a priori hypo-

thesis based on the literature (progression of brain

volumetric differences in FESZ compared with con-

trols) it must be noted that secondary analyses, re-

garding outcome and medication status, were

conducted. However, the significance levels employed

herein are similar to those used in several VBM studies

of psychosis (Honea et al. 2005), thus improving the

comparability of our findings with those reported in

the previous literature. Furthermore, the use of the

SVC approach for inspection of findings in frontal and

temporal brain portions drastically decreases the risk

of b-errors in such hypothesized regions (Kubicki et al.

2002 ; Honea et al. 2005).

It should also be noted that our range of inter-

scanning intervals was considerably wide. Never-

theless, the repeated analyses including inter-scanning

interval as a covariate produced the same results, and

did not uncover findings of progressive brain volume

deficits in patients.

One other important limitation of our study is that

we combined imaging data acquired using two dif-

ferent MRI scanners. However, the two scanners and

acquisition protocols were identical, and we obtained

very high inter-equipment reliability indices for the

neocortical and limbic regions that were the main
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focus of the investigation. Additionally, the inclusion

of scanner as a covariate did not alter the results.

Finally, limitations of the VBMmethodology should

be highlighted, including the risk of systematic regis-

tration errors during spatial normalization (Bookstein,

2001) and segmentation biases in brain areas where

tissue contrast is poorly defined in MRI scans

(Kennedy et al. 2009).
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