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Background: Imaging studies of patients with schizo-
phrenia have demonstrated that brain abnormalities are
largely confined to decreases in gray matter volume and
enlargement of the lateral and third ventricles. Global gray
matter volume has been reported to progressively de-
crease inchildhood-onset andchronic schizophrenia.Global
gray matter volumes have not been examined longitudi-
nally inpatientswith first-episodeschizophrenia.Onewould
expect global gray matter to decrease progressively, par-
ticularly in first-episode patients, because clinical deterio-
ration is greatest in the early stages of the disease.

Methods Patients with first-episode schizophrenia who
had taken antipsychotic medication for 0 to 16 weeks
(n=34) and matched healthy comparison subjects (n=36)
were included in the study. For all subjects, magnetic reso-
nance imaging scans of the whole brain were obtained
at inclusion and after 1 year (mean [SD], 12.7 [1.1]
months). Outcome was measured 2 years after inclu-
sion. To compare morphological changes over time be-

tween patients and healthy comparison subjects, mul-
tiple repeated-measures analyses of variance were
conducted with intracranial volume as a covariate. Out-
come and cumulative antipsychotic medication were re-
lated to changes in patients’ brain volumes.

Results: Total brain volume (−1.2%) and gray matter
volume of the cerebrum (−2.9%) significantly de-
creased and lateral ventricle volume significantly in-
creased (7.7%) in patients. The decrease in global gray
matter volume significantly correlated with outcome and,
independently of that, with higher cumulative dosage of
antipsychotic medication.

Conclusions: The loss of global gray matter in schizo-
phrenia is progressive, occurs at an early stage of the ill-
ness, and is related to the disease process and antipsy-
chotic medication.
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B RAIN IMAGING studies have
consistently demonstrated
brain abnormalities in
patients with schizophre-
nia.1 These changes are

largely confined to decreases in gray
matter volumes and enlargement of the
lateral and third ventricles.2,3 Although
the origin of schizophrenia is still
unknown, schizophrenia has recently
been considered to result in part from
abnormalities in neurodevelopment. The
neurodevelopmental theories of schizo-
phrenia4,5 are based on neurocognitive6

and motor problems7 observed in high-
risk children and the apparent lack of
progression in brain abnormalities over
the course of the illness according to
computed tomography8 - 1 2 (but see
Kemali et al13) and magnetic resonance
imaging (MRI) studies.14 Some studies
report that enlarged ventricles and
decreases in brain volumes are already
present at disease onset, which is consis-

tent with the notion of a neurodevelop-
mental origin for the brain abnormalities
found in schizophrenia.15

However, schizophrenia has long
been thought to be a progressive or de-
generative, not developmental, disorder.
Indeed, Kraepelin16 considered progres-
sive clinical deterioration to be the hall-
mark of the disorder, naming it dementia
praecox to reflect this particular aspect.
Lately, others have reemphasized that the
decline in functioning in schizophrenia is
an important clue to its pathogenesis and
that the brain abnormalities in schizo-
phrenia could be expected to reflect this
clinical progression.17-20 If brain changes
progress over time, one would expect the
changes to be particularly pronounced in
the first (symptomatic) years of the schizo-
phrenic illness because it is then that the
most rapid clinical changes, including de-
terioration in functioning, are seen.21,22 In-
deed, it has been suggested that the 5 years
after the first psychotic episode are char-
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acterized by the largest decline in functioning, followed
by a relatively stable clinical period.23 Significantly, re-
cent longitudinal imaging studies have reported that brain
abnormalities increase over time in patients with schizo-
phrenia.17,24-36

A few longitudinal MRI studies have examined brain
structures in first-episode patients and their changes over
time.17,24,25,30,31,34,35 Volume decreases in the total brain,17

frontal lobe,30 right cerebellum,17 and superior temporal
gyrus34 (but see Keshavan et al31) have been reported, as
have increases in ventricular volume,17 at least in a sub-
group of poor-outcome patients.35 Moreover, changes may
be caused by decreases in focal gray matter, as sug-
gested by findings in the superior temporal gyrus.34

In patients with chronic schizophrenia, prospec-
tive studies using computed tomography and MRI have
found that lateral ventricle volume increases26,29,36 and tem-
poral and frontal lobe gray matter volume decreases36 over
time. Global gray matter volume has only been exam-
ined prospectively in childhood-onset schizophrenia. A
progressive decline in gray matter volume has been found
in this rare form of the disorder.32 Thus, longitudinal im-
aging studies suggest that neurodegenerative processes
or progressive abnormalities in neurodevelopment can
not be dismissed as possible pathogenic mechanisms in
schizophrenia.17-20

Progressive brain volume changes in schizophre-
nia may be related to outcome. However, results have been
inconsistent. A relationship among poor outcome, in-
creases in ventricle volume,26,29,35 and decreases in re-
gional gray matter volume36 has been reported. In con-
trast, other studies failed to find a relationship between
brain changes and outcome17,24,25 or even reported an in-
verse relationship.30

Antipsychotic medication may also influence brain
volume changes over time. A larger cumulative dosage
of antipsychotic medication was related to progressive
decreases in frontal lobe volume in patients with first-
episode schizophrenia.30,37,38 In patients with chronic30

or childhood-onset32 schizophrenia no such relation-
ship was found. One study of first-episode schizophre-
nia reported an inverse relationship between antipsy-
chotic medication and progressive ventricular changes,

suggesting that antipsychotic medication could prevent
pathologic ventricular enlargement.35

No study has examined global gray matter volumes
prospectively in first-episode schizophrenia. Therefore,
we examined global gray matter volumes in the MRIs of
34 patients with first-episode schizophrenia at baseline
and after 1 year. To control for the brain volume changes
observed in normal aging,39-43 patients were compared with
36 carefully matched healthy subjects. Healthy compari-
son subjects were scanned twice at the same interval as
patients. The Camberwell Assessment of Need (CAN) was
used to assess outcome, and the cumulative dosage of an-
tipsychotic medication was calculated.

METHODS

SUBJECTS

Patients with first-episode schizophrenia (n=34), recruited from
the First-Episode Schizophrenia Research Program at the Uni-
versity Medical Center Utrecht, Utrecht, the Netherlands, and
healthy comparison subjects (n=36) were included in the study
(Table1). All subjects provided written informed consent prior
to participation. For all subjects, MRI scans of the whole brain
were obtained at inclusion (T0) and after 1 year (T1) (scan in-
terval, mean [SD], 12.7 [1.1] months).

At baseline, all subjects were physically healthy and did
not have a history of head injury or a diagnosis of drug or al-
cohol abuse or dependence. At 1-year’s follow-up, all subjects
remained physically healthy.

At inclusion, patients were assessed with the Compre-
hensive Assessment of Symptoms and History44 by 2 trained
raters who independently determined the diagnosis and
achieved consensus afterward. The onset of prodromal
symptoms and the duration of untreated psychosis was mea-
sured by a shortened version of the Interview for the Retro-
spective Assessment of the Onset of Schizophrenia.45 Sever-
ity of illness was measured with the Positive and Negative
Syndrome Scale (PANSS).46 Of the 34 patients, 24 had never
received antipsychotic medication. The remaining 10
patients had been prescribed antipsychotics for less than 16
weeks before the first scan (T0).

At T1, all 34 patients were reassessed for diagnosis and
severity of illness using the Comprehensive Assessment of Symp-
toms and History and the PANSS; 29 patients then met DSM-IV

Table 1. Demographic Data for 34 Patients With First-Episode Schizophrenia and 36 Healthy Controls*

Characteristic Patients Controls t or �2 Test P Value

Sex, No. of subjects
Male 29 30

�2 = 0.05 .82
Female 5 6

Handedness, No. of subjects
Right 31 31

�2 = 2.23 .33Left 2 5
Mixed 1 0

Age, mean ± SD (range), y 26.2 ± 5.31 (19-37) 24.5 ± 5.8 (17-40) t = −1.23 .22
Weight, mean ± SD (range), kg, T0 73.0 ± 12.2 (52-100) 76.1 ± 11.4 (57-100) t = 1.11 .27
Height, mean ± SD (range), cm, T0 177.2 ± 9.0 (160-193) 184.1 ± 7.5 (170-199) t = 3.49 �.001
Parental educational level, mean ± SD, y 13.47 ± 3.24 14.03 ± 2.56 t = 0.80 .43
Education, mean ± SD, y 11.50 ± 2.72 12.28 ± 3.05 t = 1.13 .26
MRI interval, mean ± SD, mo 12.85 ± 1.15 12.44 ± 0.94 t = −1.61 .11

*T0 indicates baseline; MRI, magnetic resonance imaging.
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criteria for schizophrenia, and 5 patients met criteria for schi-
zoaffective disorder. The number of days spent in the hospital
between T0 and T1 was recorded and used as a measure of 1-year
outcome. In addition, every patient was monitored carefully
for the amount and type of medication prescribed between T0
and T1. Patients were prescribed typical (n=5) or atypical
(n=15) antipsychotics, and a number of patients (n=14) were
prescribed typical and atypical antipsychotics, although not si-
multaneously, at various times during the first year of follow-
up. To calculate the cumulative dosage of typical antipsychot-
ics, a table from the Dutch National Health Service was used
to derive the haloperidol equivalents.47 For atypical antipsy-
chotics, the respective pharmaceutical companies suggested how
to convert the dosage into haloperidol equivalents (clozapine,
40:1; olanzapine, 2.5:1; risperidone, 1:1; sulpiride, 170:1; queti-
apine, 50:1; and sertindole, 2:1).

Two years after inclusion (T2), 29 of 34 patients contin-
ued in this study; 5 patients dropped out (4 refused further par-
ticipation, and 1 could not be traced). The 2-year outcome was
measured with the CAN.48 With this instrument, 22 indi-
vidual domains of clinical and social needs (eg, psychotic symp-
toms, physical health, accommodation, and intimate relation-
ships) are assessed on a 3-point scale (no need, met need, and
unmet need) by interviewing the treating mental health pro-
fessional (for all clinical data, see Table 2).

Healthy comparison subjects were carefully matched for
sex, age, parental education, and handedness. They were all
screened with the Schedule for Affective Disorders and Schizo-
phrenia–Lifetime Version and fulfilled criteria for “never men-
tally ill.” At T1, healthy comparison subjects were reassessed
with the same procedure. They all remained physically and men-
tally healthy.

MRI PROCEDURES AND MEASUREMENTS

Magnetic resonance images were acquired with a Philips NT
scanner (Philips Medical Systems, Best, the Netherlands)
operating at 1.5 T. A T1-weighted 3-dimensional fast field
echo (FFE) scan (echo time [TE], 4.6 milliseconds; repeti-
tion time [TR], 30 milliseconds; flip angle, 30°; and field of
view, 256 mm) with 160 to 180 contiguous coronal 1.2-mm
slices and a T2-weighted dual-echo turbo spin-echo scan
(TE1, 14 milliseconds; TE2, 80 milliseconds; TR, 6350 milli-
seconds; flip angle, 90°; and field of view, 256 mm) with 120
contiguous coronal 1.6-mm slices of the whole head were
used for the quantitative measurements. In addition, a

T2-weighted dual-echo turbo spin-echo scan (TE1, 9 milli-
seconds; TE2, 100 milliseconds; TR, 2200 milliseconds; flip
angle, 90°; and field of view, 250 mm) with 17 axial 5-mm
slices and a 1.2-mm gap of the whole head was acquired for
clinical neurodiagnostic evaluation. Processing was done on
the neuroimaging computer network of the Department of
Psychiatry, University Medical Center Utrecht, which
includes Hewlett Packard (Palo Alto, Calif) Unix 9000 work-
stations, a server, and Pentium III–equipped personal com-
puters. Prior to quantitative assessments, 10 images were
randomly chosen and cloned for interrater reliability pur-
poses determined by the intraclass correlation coefficient.
All images were coded to ensure blindness for subject identi-
fication and diagnosis; scans were put into Talairach frame
(no scaling)49 and corrected for inhomogeneities in the mag-
netic field.50 Intracranial, total brain, cerebral gray and white
matter, lateral ventricle, third ventricle, and cerebellum vol-
umes were then automatically measured with histogram
analysis algorithms and a series of mathematical morpho-
logical operators to connect all voxels of interest.51-53 Intra-
cranial volume was segmented on the dual-contrast turbo
spin-echo scans (second echo). Using mathematical mor-
phological operators the intracranial volumes were seg-
mented automatically, with the foramen magnum being used
as the inferior boundary. The dual-contrast turbo spin-echo
scans and the intracranial region segmentations on them
were registered to the 3-dimensional FFE images using a
mutual information maximization algorithm.5 1 The
3-dimensional FFE images were masked with the binary
intracranial volumes. This was done to remove tissues such
as extracranial fat. Total brain volumes were segmented on
the T1-weighted scans and contained gray and white matter
tissue only. Gray and white matter segmentation was done
based on intensity histogram shape analysis of the
3-dimensional FFE images and had been calibrated and vali-
dated on a set of 80 human brain images.52 In lateral ven-
tricle segmentation, automatic decision rules bridged con-
nections that were not detectable and prevented “leaking”
into cisterns. The third ventricle was limited by coronal
slices that clearly showed the anterior and posterior commis-
sures; the upper boundary was a plane through the plexus
choroideus ventriculi tertii in the midsagittal slice perpen-
dicular to this slice. The cerebellum was limited by the ten-
torium cerebelli and the brainstem. All images were checked
after the measurements and corrected manually, if necessary.
The interrater reliability of the measurements, determined

Table 2. Clinical Data for 34 Patients With First-Episode Schizophrenia*

Characteristic T0 T1 T2

DSM-IV diagnosis, No. of patients
Schizophrenia 23 29 . . .
Schizoaffective 2 5 . . .
Schizophreniform 7 . . . . . .

Psychotic episode, not otherwise specified 2 . . . . . .
Prodromal phase, mo 37.8 ± 51.3 . . . . . .
Psychosis, mo 17.2 ± 30.3 . . . . . .
Duration of hospitalization between the 2 scans, d 78.9 ± 72.5 . . . . . .
PANSS positive symptoms 17.0 ± 4.8 12.9 ± 4.5 . . .
PANSS negative symptoms 17.9 ± 6.3 15.67 ± 5.2 . . .
PANSS psychopathology 35.6 ± 10.2 29.0 ± 6.7 . . .
Total antipsychotic medication (cumulative lifetime

in haloperidol equivalents), mg
65.9 ± 157.6 2077.5 ± 962.7

Total CAN scale score . . . . . . 0.3 ± 0.2

*Data are given as mean ± SD unless otherwise indicated. T0 indicates baseline; T1, 1 year after study inclusion; T2, 2 years after study inclusion; PANSS,
Positive and Negative Syndrome Scale; CAN, Camberbell Assessment of Need; and ellipses, not applicable.
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by the intraclass correlation coefficient and based on 10
brains, was 0.95 and higher.

STATISTICAL ANALYSES

Brain volume measurements and clinical data were normally
distributed. To examine whether brain volumes changed more
in patients with first-episode schizophrenia than in the healthy
comparison subjects during the 1-year follow-up, multiple re-
peated-measures analyses of covariance (MANCOVA) with in-
tracranial volume as a covariate were conducted with total brain,
cerebellum, gray and white matter of the cerebrum (total brain,
excluding cerebellum and brainstem), and lateral and third ven-
tricles as dependent variables and group (patients or healthy
comparison subjects) and time (T0 or T1) as independent vari-
ables. To examine whether changes in brain asymmetry oc-
curred over 1 year in patients compared with healthy compari-
son subjects, a MANCOVA was performed with total brain, gray
and white matter, and lateral ventricles as dependent variables
and group, time, and side (left or right) as independent vari-
ables (group� time�side interaction). In case of a significant
finding, post hoc paired t tests were conducted separately for
patients and healthy comparison subjects.

To assess the effect of diagnosis, the same analysis was per-
formed excluding patients with a diagnosis of schizoaffective
disorder at T1. Moreover, to examine the effect of prior anti-
psychotic medication use, the same analysis was conducted with
only patients who had never received antipsychotic medica-
tion prior to the first scan.

To assess whether brain volumes of patients with first-
episode schizophrenia differed from healthy comparison sub-
jects at baseline (scan T0), 1-way analysis of covariance
(ANCOVA) was performed with the different brain volumes
as dependent variables and group as the independent variable.
Intracranial brain volume served as the covariate. To assess
whether brain volumes after 1 year (T1) differed between the
groups, the same analysis was conducted.

To quantify changes in brain volumes, volumes at T0 were
subtracted from volumes at T1 (brain volumes, T1−T0). To
quantify change in positive symptoms and negative symptoms
over 1 year, baseline PANSS scores were subtracted from fol-
low-up PANSS scores (PANSS T1−PANSS T0). To examine as-
sociations among brain volume changes (significant T1−T0 val-
ues only), clinical variables (prodromal phase, duration of
untreated psychosis, and PANSS T1−PANSS T0 scores) out-
come (duration of hospitalization, T0−T1), CAN scores (pro-
fessional perspective scores), and cumulative antipsychotic medi-
cation (T0 − T1) in patients, Pearson product-moment

correlations were calculated with intracranial volume as a co-
variate. To control for baseline scores the same analyses were
done with T0 scores added as a covariate.

Exploratory analyses were performed to assess the effect of
different types of antipsychotic medication (atypical, typical, or
clozapine)onbrainmorphologyusingPearsonproduct-moment
correlations. The Statistical Product and Service Solutions statis-
tical package for Windows, version 9.0 (SPSS Inc, Chicago, Ill)
was used for these analyses, with a 2-tailed � level of .05.

To control for scanner software upgrades, the same
analyses were conducted with the date of the scan added as a
covariate.

RESULTS

DEMOGRAPHIC DATA

As seen in Table 1, patients and healthy comparison sub-
jects did not significantly differ with regard to sex, hand-
edness, age, weight, parental education, and scan inter-
val. Although not matched for education, they did not
differ from healthy comparison subjects on years of edu-
cation.

Patients and healthy comparison subjects did sig-
nificantly differ in height, but because intracranial vol-
ume was used as a covariate, the results presented here
are uncontrolled for height. However, results did not
change when height was used as a covariate.

BRAIN VOLUME CHANGES

Differences Between and Within Groups Over Time

Significant group�time interactions were found for total
brain (F1,67=25.64; P�.001), gray matter of cerebrum
(F1,67=20.55; P�.001), and lateral ventricle (F1,67=11.58;
P=.001) volumes (Table 3). No significant interaction
effects of group� time�side were found for any of these
measurements. Changes in volume (scan T1−scan T0)
for total brain, gray matter, and lateral ventricles are pro-
vided in Figure 1. When patients with a schizoaffec-
tive disorder were excluded, the results did not change,
except for a significant increase in third ventricle vol-
ume over time (F1,62=4.89; P=.03). Including only pa-

Table 3. Anatomic Brain Magnetic Resonance Imaging Measurements for 34 Patients With First-Episode Schizophrenia
and 36 Healthy Controls at Baseline and 1 Year*

Brain Volumes

MANCOVA,
Group � Time

ANCOVA, Mean ± SD, cm3

T0 T1

F P Value Patients Controls F P Value Patients Controls F P Value

Cranium 1.74 .19 1493.2 ± 22.0 1533.7 ± 34.9 1.74 .19 1492.2 ± 26.9 1537.8 ± 36.2 2.09 .15
Total brain 25.64 �.001 1318.7 ± 109.3 1347.2 ± 114.2 0.29 .59 1303.2 ± 114.0 1360.5 ± 113.0 4.41 .04

Gray matter 20.55 �.001 685.6 ± 52.1 693.2 ± 56.8 0.37 .55 665.8 ± 57.8 700.8 ± 52.8 5.70 .02
White matter 0.01 .92 474.0 ± 62.4 490.3 ± 69.2 0.07 .80 476.4 ± 59.5 492.2 ± 65.8 0.22 .64

Cerebellum 0.18 .68 144.9 ± 11.9 149.7 ± 11.7 1.39 .24 146.2 ± 12.6 151.2 ± 12.3 1.34 .25
Lateral ventricle 11.58 .001 14.5 ± 6.5 14.4 ± 9.9 0.96 .33 15.7 ± 7.5 14.4 ± 10.4 2.94 .09
Third ventricle 2.83 .10 0.9 ± 0.4 0.6 ± 0.3 11.51 .01 .09 ± 0.34 0.6 ± 0.3 21.54 �.001

*T0 indicates basline; T1, 1 year after study inclusion; MANCOVA, multiple repeated-measures analysis of covariance; and ANCOVA, 1-way analysis of
covariance.
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tients who had not taken antipsychotics did not change
the results, except for another significant increase in third
ventricle volume (F1,57=10.89; P=.002).

In patients, paired t tests (scan T0 vs scan T1) re-
vealed a significant decrease in total brain (t33=−3.15;
P=.004) and gray matter (t33=−4.65; P�.001) and an in-
crease in lateral ventricle volume (t33=3.23; P=.003) over
1 year. In healthy comparison subjects, a significant in-
crease in total brain was found over time (t35=4.76;
P�.001). The results did not change when the date of
scanning was added as a covariate.

Differences Between Groups at Both Time Points

At the T0 scan, third ventricle volume was significantly
larger in patients than in healthy comparison subjects
(F2,67=11.51; P=.01). No other group effects for the dif-
ferent brain volumes were found at scan T0. At scan T1,
total brain volume (F2,67=4.41; P=.04) and cerebral gray
matter volume (F2,67=5.70; P=.02) were found to be
smaller in patients compared with healthy comparison
subjects. At scan T1, a nonsignificant trend was present
for larger lateral ventricles in patients (F2,67=2.94; P=.09).
Third ventricle volumes remained significantly larger in
patients at scan T1 (F2,67=21.54; P�.001). No signifi-
cant group�side interaction effects were found for any
of these measures at T0 and T1.

Correlations With Clinical Variables and Outcome

Decreases in cerebral gray matter volume over 1 year cor-
related with 2-year outcomes in patients as measured with
the CAN (r26=−0.50; P=.007). The CAN scores also cor-
related with decreases in total brain volume (r26=−0.39;
P=.04) and increases in lateral ventricle volume (r26=0.61;
P=.001) (Figure 2). No associations were found with
duration of prodromal phase, duration of untreated psy-
chosis, change in symptom severity (PANSS T1 – PANSS
T0), days spent in the hospital during the first year of
treatment, or any of the significant brain volume changes
between T0 and T1. The results did not change when the
baseline scores were included as a covariate.

Correlations With Antipsychotic Medication

Decreases in cerebral gray matter volume over time cor-
related significantly with cumulative dose of antipsy-
chotic medication between T0 and T1 (r31=−0.45; P=.009)
(Figure 3). This finding was not related to a specific
type of antipsychotic medication (atypical, typical, or
clozapine). Cumulative antipsychotic medication did not
significantly correlate with CAN score (r26=0.12; P=.57).

COMMENT

This longitudinal study compared brain volume changes
in 34 patients with first-episode schizophrenia with those
of 36 healthy comparison subjects over a 1-year period.
Volumes of total brain, gray and white matter, cerebel-
lum, and lateral and third ventricles were measured. Our
main finding is that global gray matter volume signifi-
cantly declined and lateral ventricle volume increased over
this 1-year period in patients compared with healthy com-
parison subjects. Moreover, these volume changes were
significantly related to outcome and, independently of
that, to cumulative antipsychotic medication used over
the first year of treatment. White matter volume was not
different between the 2 groups. Third ventricle volume
did not significantly increase over time, but it was al-
ready enlarged at baseline. Our findings strongly sug-
gest that gray matter loss is progressive, occurs in the early
stages of schizophrenia, and is related to both antipsy-
chotic medication use and outcome.

To our knowledge, no other study has examined
global gray matter volume in first-episode schizophre-
nia during 1 year. Our finding of a progressive global gray
matter decrease is consistent with studies of patients with
chronic36 and childhood-onset32 schizophrenia. In these
studies, gray matter changes were examined over an av-
erage of 2 to 4 years, whereas our study examined global
gray matter changes during the first year of treatment.
The progressive decrease in total brain volume is in con-
cordance with 1 previous longitudinal study of first-
episode schizophrenia.17 In that study, in addition to the
finding of decreased total brain volume, an increase in
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Figure 1. Change during 1 year in gray matter (A), total brain (B), and lateral ventricle (C) volumes of patients with schizophrenia and healthy controls.
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left lateral ventricle volume was reported. In our sample,
a bilateral increase in ventricle volume was found over
time. Our finding of total brain volume decreases differs
from a first-episode study examining patients for an av-
erage of 18 months,35 in which no progressive change in
total brain volume was found. In that study, the number
of healthy comparison subjects included was small, and
the healthy comparison subjects were also older than the
patients. Interestingly, however, progressive ventricu-
lar enlargement was found in patients with poor out-
comes. Similarly, total brain volume did not decline in
another study examining 40 patients with schizophre-
nia (first-episode and chronic) for 2 years.30 Neverthe-
less, patients did show a more rapid decline in left hemi-
sphere volume compared with the healthy comparison
subjects.

In the present study, positive and negative symp-
toms, as rated with the PANSS, were not found to be as-
sociated with the changes in brain volumes over time.
Associations between symptoms and progressive brain
volume changes have been inconsistently reported. Our
study is in agreement with some studies17,24,25,29 but not
with others,27,30,35 including those specifically designed
to examine gray matter volumes over time.27,36 These in-
consistencies could be the result of different groups being
examined (ie, patients with chronic vs first-episode vs
childhood-onset schizophrenia) or the use of different
rating scales. Moreover, it has also been suggested that
changes in mental state might affect brain volume mea-
surements.54 Thus, the differences between this and other
studies could be secondary to differences in patients’ men-
tal states.

Duration of hospitalization was not found to be as-
sociated with brain volume changes over time. This is
consistent with 1 study in patients with first-episode
schizophrenia17 but not with another.24 The latter study
reported an inverse relationship between duration of hos-
pital stay and ventricular volume because a greater ven-
tricular volume change was found to be associated with
a shorter amount of time spent in the hospital. The fail-
ure to find an association was also in contrast to a study
in patients with chronic schizophrenia that reported an
association between a decrease in prefrontal gray matter
and total duration of hospitalization.36 In fact, hospital-
ization may not be a good outcome measure in patients
with (first-episode) schizophrenia. Severity of illness is
by no means the only reason why patients with schizo-
phrenia are hospitalized or continue to be hospitalized.
Factors such as comorbidity,55,56 family involvement,56

and the availability of regional care services57 have an effect
on the length of the hospital stay.

Clinical severity and hospitalization may not ad-
equately reflect outcome.58,59 This study measured out-
come using the CAN, which is known to be a valid and
reliable instrument across countries60 for assessing the
social and clinical needs of people with severe mental ill-
ness48 and may better reflect long-term disabilities in pa-
tients with schizophrenia.61 In this study, 1-year changes
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Figure 2. Change during 1 year in gray matter (A), total brain (B), and lateral
ventricle (C) volumes and total number of needs, as measured by the
Camberwell Assessment of Need,48 in patients with schizophrenia.

40

20

0

–20

–40

–60

–80
0 1000 30002000 4000 5000

Cumulative Medication From T0 to T1, mg

Gr
ay

 M
at

te
r, 

1-
Ye

ar
 V

ol
um

e 
Ch

an
ge

, c
m

3
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in volumes of total brain, gray matter, and lateral ven-
tricles were significantly correlated with outcome after
2 years, suggesting that brain volume changes are re-
lated to the disease process.

Independent of the association between outcome and
progressive gray matter changes, an association was found
between higher cumulative dosage of antipsychotic medi-
cation and gray matter volume decreases. We did not find
an association between gray matter decreases and vari-
ous types of antipsychotic medication. However, a type
II error cannot be excluded because the subject groups
were small, especially in the typical antipsychotic medi-
cation group (n=5). The finding of an association be-
tween progressive gray matter change and cumulative an-
tipsychotic medication has not been reported previously
in patients with schizophrenia (no such relationship was
found in patients with childhood-onset schizophrenia32).
Although it has been suggested that antipsychotics might
prevent pathological ventricular enlargement,17,24,25,35 it
has also been documented that antipsychotics produce
morphological changes, most clearly in the stria-
tum,62-64 with atypical antipsychotics decreasing and typi-
cal antipsychotics increasing caudate nucleus volume.
Moreover, progressive decreases in frontal lobe vol-
umes in first-episode patients have been associated with
higher dosage of antipsychotic medication.30,37,38 In-
deed, that we did not find differences in brain volumes
(except for third ventricle enlargement) between pa-
tients and healthy comparison subjects at baseline, which
is in disagreement with other studies examining global
gray matter in first-episode schizophrenia,65,66 could be
because most patients were never exposed to antipsy-
chotic medication. Interestingly, third ventricle enlarge-
ment has also been found in the healthy siblings of pa-
tients with schizophrenia,67,68 suggesting that this finding
may be related to a genetic vulnerability for schizophre-
nia. Thus, the progressive brain abnormalities that oc-
cur during and after the first psychotic episode can be
related to the disease process itself, as is reflected in its
relationship with outcome, but also in part to the use of
antipsychotic medication.

Our results strongly suggest that progressive brain
abnormalities occur in the early (symptomatic) stages of
schizophrenia. A recent meta-analysis has shown an over-
all reduction of about 4% in gray matter volume in pa-
tients with schizophrenia.1 In this study, the 2.9% de-
crease in gray matter volume on MRIs is suggestive of
an active process of neuronal shrinkage or loss occur-
ring in the first year of the disease. Although it is diffi-
cult to compare across studies, the relatively large de-
cline of almost 3% in the first year of treatment suggests
that the greatest decline in gray matter takes place in the
early phase of the disease. Despite the fact that schizo-
phrenia is heterogeneous in its course,69 the finding of a
relatively large decrease in gray matter volume early in
the disease is consistent with clinical evidence. In schizo-
phrenia, a deterioration in functioning starts within the
first few months after the appearance of psychotic symp-
toms, possibly already in the prodromal stage.23,70 More-
over, most rehospitalizations cluster within the first 2 years
after the first admission,71,72 which suggests that the dis-
ease is most active during this time period.

An underlying neurodegenerative process in schizo-
phrenia has long been disputed. The lack of fibrillary glio-
sis in postmortem studies of the schizophrenic cortex was
the primary argument against it.18 Currently, it is be-
lieved that the absence of gliosis does not necessarily pre-
clude schizophrenia from being a neurodegenerative dis-
order because gliosis is not always demonstrable or
permanent after neural injury.73 Possibly, psychosis itself
could be “toxic” through abnormal excitatory amino acid
neurotransmission in glutamatergic systems.74 Indeed, in-
creased glutamatergic activity has been suggested to cause
cellular damage and death through excitotoxic effects.75

Additionally, antipsychotics may have a neurotoxic effect
and cause a decrease in neuronal density in the striatum
and prefrontal cortex,76 although it is unlikely that these
subtle changes in neurotransmitters and their systems,
due to the disease itself and/or antipsychotic medica-
tion, would be sufficient to trigger gliosis or show other
signs of ongoing neurodegeneration in the postmortem
brain.77 Excessive neuronal apoptosis could possibly cause
the progressive changes found in schizophrenia.78 Apop-
tosis does not lead to inflammation or necrosis and sub-
sequently gliosis.79,80 Interestingly, haloperidol by itself
may also cause cortical cell death through apoptosis.81

Other processes resulting in atrophy, such as abnormal
neurite pruning,82 have also been proposed in relation
to the progressive changes found in schizophrenia.73

Therefore, in this study, the gray matter decreases found
on MRI over 1 year could be explained by either (pro-
grammed) cell death and/or atrophy.

The increased total brain volume in the healthy com-
parison group was surprising because the findings of cross-
sectional studies conducted in healthy subjects suggest
that decreases in total brain volume begin in early ado-
lescence.39-41 This could be an artifact of the scan proce-
dure or a measurement error. However, this is the first
prospective imaging study over 1 year in young healthy
adults. A prospective study of healthy children, includ-
ing adolescents aged 22 years and older, suggested de-
creases in some but increases in other areas (occipital lobe)
of gray matter.83 Moreover, evidence is accumulating that
white matter increases into the fifth decade of life, which
suggests that the adult brain is in a constant state of
change.43

There are limitations to this study. First, a selec-
tion bias may have affected the results. This is reflected
in the patients and healthy comparison subjects having
similar years of education at baseline. One could specu-
late that this may have contributed to the failure to find
baseline morphological differences, except for third ven-
tricle enlargement, between patients and healthy com-
parison subjects. Indeed, gray matter volume has been
reported to be related to IQ.84 Second, because this study
only examined overall changes in global gray matter vol-
ume, some brain areas such as the subcortical and lim-
bic structures may contribute more to the effect than oth-
ers. Third, there was a preponderance of men in the
sample. Although the sample was small, women with
schizophrenia lost less gray matter volume (−1.6%) than
did men (−3%). Other limitations concern antipsy-
chotic medication, such as the use of different types of
medication, the lack of standardized haloperidol equiva-
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lents for atypical antipsychotics, and inclusion of 10 pa-
tients who were not antipsychotic naive.

In summary, the gray matter decrease of nearly 3%
in patients with schizophrenia during their first year of
treatment, which is associated with outcome and cumu-
lative antipsychotic medication, suggests that the loss of
gray matter in patients with schizophrenia is progres-
sive, occurs at an early stage of the illness, and is related
to the disease process and antipsychotics.
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