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Typical antipsychotic drugs act on the dopaminergic system, blocking the dopamine type 2 (D2) receptors. Atypical antipsychotics have

lower affinity and occupancy for the dopaminergic receptors, and a high degree of occupancy of the serotoninergic receptors 5-HT2A.

Whether these different pharmacological actions produce different effects on brain structure remains unclear. We explored the effects of

different types of antipsychotic treatment on brain structure in an epidemiologically based, nonrandomized sample of patients at the first

psychotic episode. Subjects were recruited as part of a large epidemiological study (ÆSOP: aetiology and ethnicity in schizophrenia and

other psychoses). We evaluated 22 drug-free patients, 32 on treatment with typical antipsychotics and 30 with atypical antipsychotics.

We used high-resolution MRI and voxel-based methods of image analysis. The MRI analysis suggested that both typical and atypical

antipsychotics are associated with brain changes. However, typicals seem to affect more extensively the basal ganglia (enlargement of the

putamen) and cortical areas (reductions of lobulus paracentralis, anterior cingulate gyrus, superior and medial frontal gyri, superior and

middle temporal gyri, insula, and precuneus), while atypical antipsychotics seem particularly associated with enlargement of the thalami.

These changes are likely to reflect the effect of antipsychotics on the brain, as there were no differences in duration of illness, total

symptoms scores, and length of treatment among the groups. In conclusion, we would like to suggest that even after short-term

treatment, typical and atypical antipsychotics may affect brain structure differently.
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INTRODUCTION

The exact mechanism by which typical and atypical
antipsychotics exert their different therapeutic effects is
still unclear (Meltzer et al, 1999). The introduction of
antipsychotic drugs in the early 1950s revolutionized the
treatment of psychoses, and schizophrenia in particular.
These drugs (typical antipsychotics, for example, haloper-
idol and chlorpromazine) act on the dopaminergic system,
blocking the dopamine type 2 (D2) receptors in mesolimbic
areas (Carlsson, 1978). Owing to this D2 blockade, they also
induce a number of side effects, among which extrapyr-
amidal symptoms are the most prominent (Dazzan and

Murray, 2002; Dazzan et al, 2004). Recently, a new
generation of antipsychotic drugs, the atypical antipsycho-
tics, have become available (for example, clozapine,
risperidone, olanzapine, and quetiapine). Atypical antipsy-
chotics have lower affinity and occupancy for the dopami-
nergic receptors, and a high degree of occupancy of the
serotoninergic receptors 5-HT2A (Meltzer et al, 1989).
Compared to typical antipsychotics, atypicals induce fewer
extra-pyramidal side effects, but the exact neurobiological
substrate of this difference is still unknown.

One way to better understand the mechanisms underlying
the different side effects of typical and atypical antipsycho-
tics is to use neuroimaging to investigate brain changes
associated with a specific class of antipsychotic drug. Until
now, structural magnetic resonance imaging (MRI) studies
of antipsychotics effects have been restricted to the
evaluation of a few selected subcortical regions. The most
consistent finding has been that typical antipsychotics are
associated with an enlargement of the basal ganglia, and
that this enlargement does not occur, or can be reversed,
with atypical antipsychotics (Chakos et al, 1994; Corson
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et al, 1999). Different effects of typicals and atypicals have
also been described at cortical level in functional imaging
studies. Specifically, typical antipsychotic agents seem to
significantly reduce relative blood flow in the frontal cortex,
while atypicals may be associated with a smaller blood flow
decrease in this area (Honey et al, 1999; Miller et al, 2001).

One limitation of the existing studies on effects of
antipsychotics on brain structure is that they have often
investigated patients treated with antipsychotics for many
years, with different types of antipsychotic drugs, and at a
variety of doses. This makes it difficult to disentangle which
brain changes are due to a specific class of antipsychotics,
and which are due to the illness and its progression (Dazzan
and Murray, 1999). Therefore, these questions can be better
addressed by investigating subjects at the initial stages of
psychosis, when treatment would have occurred for only a
short time, and the dose taken is easier to establish. They
therefore represent an ideal sample to investigate the
differential, short-term, effects of antipsychotics on brain
structure.

In the present exploratory study, we investigated the
relationship between brain structure and antipsychotic
treatment in an epidemiologically based sample of patients
at the first psychotic episode, both antipsychotic-treated
and antipsychotic-free. Using an epidemiologically based
sample limits the potential bias of recruiting subjects
selected because of their treatment. We collected a complete
medication history for each subject, and used high-
resolution MRI and voxel-based methods of image analysis.
Voxel-based analysis has the major advantage of allowing
the evaluation of the entire brain rather than of a few
preselected regions; furthermore, it is automated, which
means that it does not require the identification of
anatomical boundaries nor manual tracing of the regions
of interest (Dazzan et al, 2004). This study aimed: (1) to
investigate whether antipsychotics have a measurable effect
on brain anatomy; and if so, (2) to investigate if typical and
atypical antipsychotics affect brain anatomy differently.

PATIENTS AND METHODS

Subjects were recruited as part of a large epidemiological
study (ÆSOP: aetiology and ethnicity in schizophrenia and
other psychoses), carried out in three English cities, which
investigated the higher rates of schizophrenia in the
African-Caribbean population in the United Kingdom
(Dazzan et al, 2004). Ethical approval for the study was
granted by the Ethical Committee of the Institute of
Psychiatry, and the participants gave written informed
consent, in accordance with the Declaration of Helsinki.

As part of the South London arm of this study, we
approached subjects aged 16–65, who consecutively pre-
sented for the first time to the local psychiatric services for a
functional psychotic illness (ICD10 F 10–19, excluding
coding F 1 x.0 for acute intoxication; F 20–29 and F 30–39,
psychotic codings) (World Health Organisation, 1992), over
a 3-year period. Exclusion criteria were: (a) a history of
head trauma resulting in loss of consciousness for over 1 h;
(b) the presence of a disease of the central nervous system;
(c) moderate or severe learning disabilities as defined by
ICD-10 (World Health Organisation, 1992); (d) poor fluency
in English language; (e) transient psychotic symptoms

resulting from acute intoxication as defined by ICD-10
(World Health Organisation, 1992), following the adminis-
tration of alcohol or other psychoactive substance.

A total of 281 patients met the inclusion criteria and were
invited to participate in the overall London arm of the
ÆSOP study: 90 refused to take part in the investigation. Of
the remaining 191 who participated, 115 patients consented
to have an MRI scan. These 115 patients were on average 6
years younger (mean age 27.978.4 years vs 33.7712.3
years, t¼ 3.5, P¼ 0.001) and had a higher proportion of
white British subjects (36 vs 18%, w2¼ 6.95, P¼ 0.008). They
were comparable to the total sample in terms of gender.
Ten patients terminated the scanning session before full
image acquisition had been achieved and a further 15 scans
were excluded from the analysis (13 due to subject motion,
one because of congenital hydrocephalus, and one because
of the presence of a subarachnoid cyst).

Clinical Measures

We interviewed patients using the WHO Schedules for
Clinical Assessment in Neuropsychiatry (SCAN) (World
Health Organisation, 1994). We made a diagnosis according
to ICD-10 criteria (World Health Organisation, 1992) by
consensus in meetings with senior clinicians (RM or JL)
from the Institute of Psychiatry, in which all clinical
information was presented. A total symptomatology score
was obtained by summing the SCAN’s individual symptom
item scores as per Wing and Sturt (1978) procedure for the
Present State Examination (PSE) (Wing et al, 1974; Wing
and Sturt, 1978). This was an appropriate model to adopt as
the SCAN incorporates the 10th edition of the PSE.
Duration of illness (DOI) was operationalized as the time
in weeks between the onset of psychotic symptoms and the
MRI scan date. We used both the patients’ medical notes
and the information obtained from the SCAN interviews to
establish the onset.

The premorbid IQ was estimated by the National Adult
Reading Test (NART) (Nelson and Willison, 1991). We
assessed handedness according to the Annett Hand
Preference Questionnaire (Annett, 1970).

Pharmacological Treatment

From clinical notes, we completed a medication record for
each patient. We calculated the total duration of anti-
psychotic exposure in days and the daily antipsychotic dose
at the time of MRI scan, converted into chlorpromazine
equivalents for typical antipsychotics (Bazire, 1998; Bez-
chlibnyk-Butler and Jeffries, 2000; Taylor et al, 1999). We
also recorded information on treatment with anticholinergic
drugs, antidepressants, and mood stabilizers. Therapeutic
interventions (type of medication and length of treatment)
were decided by the responsible clinical team, based on
clinical presentation, and were not influenced by participa-
tion to the study. For the purposes of the main study, we
obtained one MRI scan as soon as possible after first
presentation to the services, independently on length of
antipsychotic treatment. Depending on their current treat-
ment, subjects were divided into three groups: (1) typical
antipsychotics; (2) atypical antipsychotics; (3) drug-free. On
the basis of existing literature on antipsychotic washout, we
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considered ‘drug-free’ those subjects who had not taken any
antipsychotic in the 3 weeks prior to the MRI scan (Farde
et al, 1986; Miller et al, 1997a, b, 2001). We considered
subjects as being on treatment with typical antipsychotics if
they had been taking one typical antipsychotic only for at
least 2 weeks prior to MRI and had not taken more than one
dose of an atypical antipsychotic during this time. The same
criteria were used for the subjects on atypicals. Therefore,
the allocation of subjects to each of these three groups was
nonrandomized, but based on the medication prescribed by
the in-charge clinician at the time of MRI scan. According
to the existing literature on brain changes following
administration of antipsychotics (Chakos et al, 1994; Cohen
et al, 2003; Christensen et al, 2004; Grunder et al, 2003;
Honey et al, 1999; Huang et al, 1999; Miller et al, 1997a, b,
2001; Wotanis et al, 2003), the mean length of treatment of 8
weeks of our sample would be sufficient to observe brain
changes in association with antipsychotic use.

Structural MRI

Image acquisition. Scans were acquired with a GE Signa
1.5-T system (GE Medical Systems, Milwaukee), at the
Maudsley Hospital, London. Contiguous, interleaved pro-
ton-density- and T2-weighted images, each 3-mm thick,
were acquired in the coronal plane, to provide whole brain
coverage. A repetition time (TR) of 4000 ms and effective
echo times (TE) of 20 and 85 ms were used with an 8-echo
train length. The matrix size was 256� 192, collected from a
rectangular field-of-view of 22� 16.5 cm2, giving an in-
plane resolution of 0.859 mm in both directions. The total
acquisition time was 10 min and 12 s.

Image processing. The methods used for segmentation and
registration of each fast spin echo data set have been
described in detail elsewhere (Bullmore et al, 1999; Suckling
et al, 1999a). Briefly, extra-cerebral tissues were initially
removed, using an automated algorithm. Manual editing of
the skull-stripped images was necessary only to remove
brainstem and cerebellum from the cerebral hemispheres
and diencephalon. The probability of each intracerebral
voxel belonging to each of four possible tissue classes (grey
matter, white matter, cerebrospinal fluid (CSF), or dura/
vasculature) was then estimated with a modified fuzzy
clustering algorithm (Suckling et al, 1999b). This type of
segmentation assigns, to each voxel, a value in the range 0–1
assuming to indicate the fraction of the voxel comprised by
each tissue type (for example, a grey matter value of 0.7,
means that 70% of the tissue represented by that voxel is
grey matter; therefore, the value indicates the proportion of
the voxel occupied by grey matter).

A template image in the standard space of Talairach
and Tournoux (1988) was constructed using the AFNI
program from proton-density images acquired from six
healthy subjects (Dazzan et al, 2004). Maps of tissue
distribution were then registered onto the template by
registering each proton density image using a nine-
parameter affine registration, minimizing the grey-level
difference between images. This registration aligns all the
images together, and scales them to the same gross
dimensions. The derived mapping was then applied to the
corresponding tissue maps.

Between-group differences in grey matter volume were
estimated by fitting an analysis of covariance (ANCOVA)
model at each intracerebral voxel in standard space
covarying for age at scan and total grey matter volume
(an estimate automatically provided by the program).
Covarying for global grey matter may not be preferable to
covarying for intracranial volume in a classical comparison
of patients with schizophrenia vs healthy controls, because
there is often a reduction in cortical volume in patients with
schizophrenia. In that case, covarying for this variable may
therefore remove effects of interest. However, in the present
study (consisting only of patient groups) there were no
differences in total grey matter volume across the groups.
Hence, we consider grey matter volume an appropriate
covariate.

Permutation testing was used to assess statistical sig-
nificance, and regional relationships were tested at the level
of voxel clusters (Bullmore et al, 1999; Sigmundsson et al,
2001). Given that structural brain changes are likely to
extend over a number of contiguous voxels, test statistics
which incorporate spatial information, such as 3D cluster
mass (the sum of suprathreshold voxel statistics), are
generally more powerful than other test statistics, which are
informed only by data at a single voxel. For each analysis,
we calculate the critical value in the null distribution of
cluster mass at which o1 cluster would be observed
(expected number of false positive clusters (P-value times
number of tests) was o1 false positive), and the observed
distribution is then thresholded at the corresponding P-
value. We do not calculate a P-value for every cluster, but
instead state that all our clusters are significant at a
particular level (or less). We have already used this method
successfully to investigate brain structure in this sample
(Dazzan et al, 2004).

RESULTS

At the time of scan, 32 patients were on treatment with
typical antipsychotics, 30 with atypical antipsychotics, six
were receiving both typicals and atypicals, and 22 patients
were drug-free (13 neuroleptic-naı̈ve) (Table 1). We
excluded the six patients on treatment with both typical
and atypical antipsychotics from further analyses. Socio-
demographic and clinical characteristics of the three groups
are shown in Table 1. Patients on typicals were receiving:
chlorpromazine, sulpiride, haloperidol, thioridazine, dro-
peridol, trifluoperazine, zuclopenthixol (mean chlorproma-
zine equivalents: 269.57245 mg). Patients on atypicals were
receiving: olanzapine, risperidone, quetiapine, sertindole,
amisulpiride. The number of subjects taking each of these
atypical antipsychotic and the mean dose are shown in
Table 1. Some patients were also receiving adjunctive
anticholinergic treatment: 28% of those on typicals and 18%
of those on atypicals. Some patients were also receiving
antidepressants and a small minority was receiving mood
stabilizers (Table 1).

There were no differences between the groups in age,
gender, employment, and involvement in a relationship.
Subjects on typicals and atypicals had less years of
education than the drug-free group (F 6.8, P¼ 0.002), and
subjects on atypicals had a premorbid IQ significantly lower
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than both the typical and drug-free subjects (F 7.4,
P¼ 0.001). The group on atypicals had more subjects with
a diagnosis of schizophrenia and less subjects with a
diagnosis of affective psychosis than the other two groups
(w2 13.2, P¼ 0.001). There were no significant differences in
DOI, total symptoms, and individual symptom domains
among the three groups. Furthermore, there were no

significant differences in length of treatment among the
groups.

Total Tissue Volumes

There were no significant differences among the groups for
total grey matter volume (Table 1).

Table 1 Demographic and Clinical Characteristics of the Groups

Characteristic Typical N¼ 32 Atypical N¼ 30 Drug free N¼22 P

Sex (% female) 38 30 50 NS

Age (years) 28.477.8 2578 28.277.8 NS

Education (mean years) 12.372.1 12.371.8 14.473 0.002a

Currently employed (%) 48 52 54 NS

Involvement in a relationship (%) 36 37 43 NS

Diagnosis (%)

Schizophrenia (% schizophreniform) 47 (19%) 80 (17%) 32 (18%) 0.001b

Affective psychosis 47 7 41

Other psychosis (% drug induced) 6 (0%) 13 (0.3%) 27 (0%)

Handedness (% right) 87 87 100

Premorbid IQ (mean NART) 99.2713.3 87.6714.5 102.8715.3 0.001c

Duration of illness (weeks median; 25th, 50th, 75th percentiles) 22 (10; 22; 51) 19 (9; 19; 44) 26 (14; 26; 61) NS

Antipsychotic exposure (mean weeks; median) 8; 6 9; 6 Naı̈ve 0; 0 previously exposed 12; 7 NSd

Current typical antipsychotic dose (chlorpromazine equivalents in mg) 269.57245 F F F

Current atypical antipsychotic dose (N of subjects taking the drug; mean dose in mg)

Olanzapine F 21 (14) F F

Risperidone F 5 (4) F F

Quetiapine F 2 (400) F F

Sertindole F 1 (16) F F

Amisulpiride F 1 (400) F F

Currently taking anticholinergics (%) 28 18 0 0.02e

Currently taking antidepressants (%) 34 33 23 NS

Currently taking mood stabilizers (%) 6 3 5 NS

SCAN symptoms

Positive symptoms 13.9711 15.679 9.878 NS

Depressive symptoms 6.478 6.477 4.877 NS

Hypomania symptoms 3.978 1.873 3.575 NS

Negative symptoms 0.471 0.371 0.170.2 NS

Total symptoms score 34.5719 33.4716 24.6715 NS

Gray matter (cm3) 584.5758 573.5764 568.9764 NS

NS: nonsignificant
aOne-way ANOVA: post hoc analyses showed that this was due to the drug-free group having more years of education than both the typical and atypical groups.
bw2: pairwise analysis showed that this was due to the atypical group having a significantly higher percentage of subjects with schizophrenia and a lower percentage of
subjects with affective psychosis than the other two groups.
cOne-way ANOVA: post hoc analyses showed that this was due to the atypical group having lower IQ than both the typical and the drug-free groups.
dThis refers to the comparison among the typical, atypical, and previously exposed groups.
ew2: pairwise analysis showed that this was due to the drug-free group having a significantly lower percentage of subjects taking anticholinergic drugs than the other
groups.
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Regional Differences

Subjects on typical antipsychotics in comparison with
drug-free subjects. In comparison with drug-free subjects,
subjects taking typical antipsychotics had one cluster of
grey matter excess and three clusters of grey matter volume
reductions (Pp0.002). The excess cluster was localized on
the right lenticular nucleus (Table 2, Figure 1a). Of the three
clusters of grey matter volume reductions (Table 2,
Figure 1a), one cluster was on right insula, extending into
inferior frontal (Brodmann’s Area (BA) 47) and superior
temporal (BA 22) gyri; a second cluster of grey matter
reduction was centered on the left paracentral lobule (BAs 4,
5), and extended bilaterally and into the superior and
medial frontal gyri (BAs 6, 31), and cingulate gyrus (BA 24);
finally, a third cluster of grey matter reduction was centered
on the left precuneus (BA 7). The three deficit clusters were
negatively correlated with the current dose of antipsychotic
(Pearson r ranging from �0.45 to 0.50; Pp0.001), while the
lenticular nucleus excess was positively correlated with this
dose (Pearson r¼ 0.29; P¼ 0.01).

Subjects on atypical antipsychotics in comparison with
drug-free subjects. In comparison with drug-free subjects,
subjects taking atypical antipsychotics showed a cluster of
grey matter excess localized on the left and right thalami
(P¼ 0.002) (Table 2, Figure 1b). The thalamus excess was
positively correlated with the current dose of olanzapine
(Pearson r¼ 0.31; P¼ 0.04) (because of the lack of
agreement on equivalents doses for atypical antipsychotics,

the nine subjects taking other atypical antipsychotics were
removed from this correlational analysis).

Subjects on typical antipsychotics in comparison with
subjects on atypical antipsychotics. In comparison with
subjects on atypical antipsychotics, subjects taking typical
antipsychotics had a cluster of grey matter deficit localized
on the left middle temporal gyrus (P¼ 0.002) (Table 2,
Figure 1c).

DISCUSSION

Our study explored brain structural changes associated with
the use of typical or atypical antipsychotics in an
epidemiologically based sample of patients at their first
psychotic episode. Our results suggest that, in comparison
with a drug-free group, treatment with typical antipsycho-
tics may be associated with brain changes in both basal
ganglia and cortical areas (lobulus paracentralis, anterior
cingulate gyrus, superior and medial frontal gyri, superior
and middle temporal gyri, insula, and precuneus), while
treatment with atypical antipsychotics may be associated
with enlargement of the thalami. However, the limited
differences in the direct comparison between typical and
atypical groups suggest that the two classes of antipsycho-
tics may share some common effects on brain structure, and
that the differences between the effects of typical and
atypical drugs may be mostly quantitative, rather than
qualitative; therefore, these effects would only appear as
significant when each type of antipsychotic is compared to a
drug-free group. Of all these findings, only the reduction in
the temporal areas seems to be distinctively associated with
treatment with typicals. To our knowledge, this is a unique
structural MRI study of first episode psychoses, which has
explored the effect of different antipsychotics on the whole
brain using a voxel-based analysis.

Methodological Issues

Our study has three major strengths. First, it was conducted
on a epidemiologically based catchment-area first episode
psychosis sample; this reduced the chances of selection bias,
as patients were recruited in chronological order of
presentation (although the significance of this strength
might have been reduced by the fact that the samples sizes
were relatively small, and by the fact that unknown factors
may have affected the willingness of our subjects to undergo
MRI scanning). Second, as patients were at their first
psychotic episode, they had been treated for a relatively
short time, and collecting a complete life-antipsychotic
medication history was not difficult. Third, we used voxel-
based analysis, which not only permits evaluation of the
entire brain, but it is also automated and therefore free of
the intra/interoperator reliabilities problems associated with
manual tracings. The statistical validity of the voxel-based
method we used has been extensively tested and the
validation process has been described in detail (Bullmore
et al, 1999; Suckling et al, 1999a, b). Although there has been
some debate on voxel-based methodology (Bookstein,
2001), studies using this approach, including the method
we used here, have produced consistent results in the

Table 2 Regional Differences in Grey Matter in Drug-Free
Subjects, Subjects on Typicals, and Subjects on Typicals

Anatomical area

Number
of

voxels in
cluster

Location of
cluster center

x, y, z

Typicals vs drug free

Grey matter excesses in typicals

(1) R lenticular nucleus 563 23.1, �3.1, 2.6

Grey matter deficits in typicals

(1) R insula, extending into inferior
frontal gyrus (BA 47), superior
temporal gyrus (BA 22)

741 37, 12.3, �4.6

(2) L and R paracentral lobule (BA
4, 5), extending into superior and
medial frontal gyri (BA 6, 31),
cingulate gyrus (BA24)

717 �0.0, �22.2, 46.7

(3) L precuneus (BA 7) 472 �1.3, �47.4, 49.4

Atypicals vs drug free

Grey matter excesses in atypicals

(1) L and R thalamus 310 �2.9, �25.8, 4.8

Typicals vs atypicals

Grey matter deficits in typicals

(1) L Middle temporal gyrus (BA 21) 196 �53.0, �14.6, �10.4

R¼ right; L¼ left; BA¼ Broadmann’s area.
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evaluation of patients with psychosis (Ashburner and
Friston, 2000; Job et al, 2002, 2003; Pantelis et al, 2003;
Shapleske et al, 2002; Sigmundsson et al, 2001; Watkins et al,
2002). Of course, VBM analyses are exploratory in nature,
and we believe that the results obtained in this study need to
be corroborated by future hypothesis-driven studies.

The main limitation of this study is its nonrandomized
design. As our study was conducted in intact groups, we
want to emphasize that baseline differences between the
three groups may have affected the findings. For example,
as the decision to treat with a specific antipsychotic, or
indeed not to treat, was clinically based, some illness
features may have influenced the treatment decision. The
brain differences observed could reflect different patholo-

gical processes underlying different types of psychosis in
the three groups, rather than the effect of different
treatments. For example, the fact that schizophrenia
occurred more often in the atypical antipsychotic group
may reflect a bias to use atypical antipsychotics in those
patients whose psychotic symptoms indicate a diagnosis of
schizophrenia. Also, the premorbid IQ scores of the atypical
antipsychotic group were significantly lower than the other
two groups, suggesting that perhaps patients with worse
cognitive function were more likely to be prescribed
atypical antipsychotics. It is possible that those patients
who could be maintained drug-free were more likely to have
symptoms that were tolerable, less disruptive or debilitat-
ing, and that these were associated with a difference in brain

Figure 1 (a) Subjects on typical antipsychotics vs drug-free subjects. Regions of deficits (blue) and excesses (red) for grey matter in subjects taking
typicals. The left side of the image corresponds to the right side of the brain. Numbers refer to the approximate y coordinates in the standard
space of Talairach and Tournoux. (b) Subjects on atypical antipsychotics vs drug-free subjects. Regions of excesses (red) for grey matter in subjects
taking atypicals. The left side of the image corresponds to the right side of the brain. Numbers refer to the approximate y coordinates in the standard
space of Talairach and Tournoux. (c) Subjects on typical antipsychotics vs subjects on atypical antipsychotics. Regions of deficits (blue) for grey matter
in subjects taking typicals. The left side of the image corresponds to the right side of the brain. Numbers refer to the approximate y coordinates in
the standard space of Talairach and Tournoux.
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structure. Thus, the differences we observed might have
been due to the pathophysiology of psychosis and its
associated cognitive deficits, rather than to the effects of
typical or atypical antipsychotic medications per se.
However, we feel that our results support the notion that
the brain changes described are linked, at least in part, to
the different antipsychotic treatments. In fact, most of the
clinical differences are present between patients on atypicals
and drug-free patients, but subjects on atypicals only show
enlargement of the thalami in comparison to the drug-free.
Most, if not all, the differences we observed are between the
group on typicals and the drug-free, which are similar in
terms of diagnosis and cognitive function. Moreover, when
we controlled for the effect of factors that differed across the
groups, such as premorbid IQ and years of education, the
results were not affected. Finally, the groups did not
significantly differ in the profile of symptom domains,
and this makes it unlikely that the structural brain
abnormalities associated with each group could be due to
differences in distinct clinical symptom domains associated
with specific neurocircuits.

Finally, we chose not to use a group of healthy controls,
because comparing patients and controls would introduce
an important potential confounder: the fact that patients
suffer from psychosis, while the controls do not. This
kind of comparison could inform us on the differences
in brain structure between groups of subjects with a
psychosis and a healthy population. On the other hand, it
would make it difficult to distinguish which brain changes
are related to the use of a particular antipsychotic and
which are related to psychosis. Our approach has been
used previously in a number of studies that have looked at
the effect of antipsychotics on brain structure (Braus et al,
2001, 2002; Corson et al, 1999; Miller et al, 1997a). However,
in order to establish whether our three patient groups
were representative of a first episode psychosis population,
we have run a parallel series of VBM comparisons of each
of these three patient groups with matched healthy controls
(unpublished data). In comparison to controls, all three
patient groups showed a reduction of grey matter in a
reas previously reported as affected in schizophrenia
(frontal lobe, superior temporal gyrus, insula), together
with increase of the basal ganglia volume (and in the case
of the atypicals, also of the thalamus). We are therefore
confident that our patient group is representative of first
episode psychosis patients.

Proposed Effects of Typical and Atypical Antipsychotics
on Brain Structure

We have found that subjects taking typicals have signifi-
cantly larger basal ganglia volume than drug-free subjects.
This finding is in accordance with a large number of studies
that have reported an increase in size and blood flow of
these subcortical structures in patients taking typical
antipsychotics (Chakos et al, 1994; DeLisi et al, 1991; Gur
et al, 1998b; Miller et al, 2001). This volume increase can be
reverted by suspension of the drug or switching to
clozapine, an atypical antipsychotic (Chakos et al, 1995;
Keshavan et al, 1994). It remains unclear what mechanisms
underlie the basal ganglia increase. Structural MRI studies
may highlight a change in brain volume, but any explana-

tion of the pathophysiological mechanisms underlying these
volume changes can only be speculative. In fact, what is
detected as a change in volume could be for example the
consequence of changes in tissue perfusion, fat, or water
content (Weinberger and McClure, 2002). This is particu-
larly important when using voxel-based methods of image
analysis, and when studying the effect of pharmacological
treatment, as different duration of exposure may induce
different changes. We believe that these issues need to be
taken into account when interpreting our findings. Still,
some mechanisms have tentatively been put forward in the
literature to try and explain the increase in basal ganglia
volume in association with typical antipsychotics use. For
example, typical antipsychotics have an antagonistic effect
on D2 receptors that could explain changes in structures
rich in these receptors, such as the basal ganglia. The
chronic block of D2 may lead to a proliferation of D2
receptors, and the resulting increased metabolism and
blood flow may lead to an increase in size of the ganglia
(Miller et al, 1997a). It is also possible that this D2
proliferation induces changes in the dendritic tree that then
lead to an increase in volume (Miller et al, 1997a). Indeed,
atypical drugs also bind to D2, and the lack of differences in
basal ganglia volume between subjects on typicals and
subjects on atypicals suggest that basal ganglia may also be
enlarged in association with atypicals use, although the
effect may be less marked.

Interestingly, subjects taking atypical antipsychotics
showed a significant enlargement of another subcortical
area, the thalamus, when compared with drug-free
subjects. This finding is similar to a previous report,
using a region of interest technique, of an enlargement of
thalamic volume associated with use of atypical antipsy-
chotics (Gur et al, 1998b; Miller et al, 2001). It also
supports the description of thalamic enlargement in
association with symptoms improvement following treat-
ment with atypical antipsychotics (Strungas et al, 2003).
The thalamus is part of brain circuits that modulate
perception, emotion, and thinking (Crosson and Hughes,
1987), and its volume seems to be reduced in patients with
schizophrenia (Andreasen et al, 1994). Owing to its role in
integrating brain functions, the thalamus could be
involved in mediating the clinical effects of antipsychotic
drugs, and it has been indicated as one of the sites of
action of both typical and atypical antipsychotic drugs
(Cohen et al, 1998, 2003). Again, the fact that the thalamus
volumes were not different between typicals and atypicals
groups would support that both classes of drugs may affect
this region, but to a different extent. For example,
differences between the effects of typical and atypical
drugs have been described in thalamic GABA-mediated
neural transmission (Sakai et al, 2001), monoamine
metabolism (Kikumoto et al, 1993), in thalamic cerebral
blood volume (Cohen and Yurgelun-Todd, 2001), and in
the expression of the protein Fos, which is a marker of
cellular activation (Cohen et al, 2003). It is possible that
the limbic selectivity of D2/D3 receptor occupancy of
atypical antipsychotics is reflected on different effects on
thalamus.

We found that typical antipsychotics are associated with a
reduction of volume of frontal areas (paracentral lobule,
anterior cingulate, superior and medial frontal gyri),
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temporal-insular areas, and precuneus. A volume reduction
of frontal lobe has been described by Gur et al (1998a) in a
region of interest study, in correlation with higher typical
antipsychotic dose. To our knowledge, ours is the first
report to indicate regional reductions in the frontal lobe in
first episode psychotic patients taking typical anti-
psychotics in comparison with drug-free subjects. These
cortical changes are difficult to interpret and again
they might be interpreted as reflecting differences in tissue
hydration or metabolism. In fact, use of haloperidol (a
typical antipsychotic) has been associated with decreased
frontal cerebral blood flow (possibly bringing a reduction in
size) in comparison to risperidone (Bartlett et al, 1991;
Miller et al, 2001). Different effects of typical and atypical
antipsychotics on N-acetylaspartate (NAA) signal (a mea-
sure of neuronal viability) in frontal areas has been reported
by spectroscopy studies, with typicals being associated with
NAA signal reduction in comparison to atypicals (Ende et al,
2000; Heimberg et al, 1998). An increase in functional
activation of the frontal lobe following substitution of a
typical with an atypical antipsychotic has also been reported
using fMRI (Honey et al, 1999). Once again, the lack of
difference between subjects on typicals and subject on
atypicals may be interpreted as showing some, albeit
smaller, effects of atypicals on these structures.

In our study, a reduction in temporal areas seems to be
specifically associated with treatment with typical anti-
psychotic, as it is present in comparison with both the
drug-free and the atypicals group. The temporal lobe has
been identified as a site rich in extrastriatal cortical D2
receptors, which may have pathophysiological significance
for schizophrenia and therefore be possible sites of action
for antipsychotics (Okubo et al, 1999). Our finding of a
grey matter deficit in the insula may be the structural
manifestation of insular hypometabolism in subjects on
treatment or previously treated with haloperidol (Desco
et al, 2003; Kim et al, 2000). Also, insular activity has been
reported as improved following switch from haloperidol to
risperidone (Molina et al, 2003). However, other studies on
the effect of haloperidol did not show any selective
decrease of insular activity (Bartlett et al, 1994; Holcomb
et al, 1996).

Finally, we observed a reduction of the cortex of the
precuneus, again predominantly associated with typicals.
This is an area involved with attention, imagery, and
memory processes, and it has been reported as reduced in
volume (Shapleske et al, 2002) and altered in function
(Kumari et al, 2002; Shapleske et al, 2002) in schizophrenia.
The precuneus may be involved in the psychopathology of
schizophrenia, and as such could be a potential site of
action for antipsychotics.

Conclusion

On the basis of our findings, we would like to suggest that,
even after short-term treatment, both typical and atypical
antipsychotics affect brain structure. Although these two
classes of drugs may share some common effects on brain
structure, there seem to be important quantitative
differences in the extent of these effects, which may
explain some of the differences in their clinical profile and
side effects. The hypotheses proposed in this paper will

need to be tested in future ad hoc studies using a
randomized design.
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