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Background. Whether there are differential effects of ﬁrst-generation antipsychotics (FGAs) and second-generation antipsychotics (SGAs) on the brain is currently debated. Although some studies report that FGAs reduce grey matter more
than SGAs, others do not, and research to date is limited by a focus on schizophrenia spectrum disorders. To address this
limitation, this study investigated the effects of medication in patients being treated for ﬁrst-episode schizophrenia or
affective psychoses.
Method. Cortical thickness was compared between 52 ﬁrst-episode psychosis patients separated into diagnostic
(i.e. schizophrenia or affective psychosis) and medication (i.e. FGA and SGA) subgroups. Patients in each group were
also compared to age- and sex-matched healthy controls (n = 28). A whole-brain cortical thickness interaction analysis
of medication and diagnosis was then performed. Correlations between cortical thickness with antipsychotic dose and
psychotic symptoms were examined.
Results. The effects of medication and diagnosis did not interact, suggesting independent effects. Compared with controls, diagnostic differences were found in frontal, parietal and temporal regions. Decreased thickness in FGA-treated
versus SGA-treated groups was found in a large frontoparietal region (p < 0.001, corrected). Comparisons with healthy
controls revealed decreased cortical thickness in the FGA group whereas the SGA group showed increases in addition
to decreases. In FGA-treated patients cortical thinning was associated with higher negative symptoms whereas increased
cortical thickness in the SGA-treated group was associated with lower positive symptoms.
Conclusions. Our results suggest that FGA and SGA treatments have divergent effects on cortical thickness during the
ﬁrst episode of psychosis that are independent from changes due to illness.
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Introduction
The choice of antipsychotic medication to treat a ﬁrst
episode of psychosis may affect medication adherence
(Kahn et al. 2008), symptom remission (Boter et al.
2009) and ultimately patient outcomes (Menezes
et al. 2006). Although second-generation antipsychotics
(SGAs) have become the preferred ﬁrst line of treatment as their side-effects are generally well tolerated
(Abi-Dargham & Laruelle, 2005), low-dose ﬁrstgeneration antipsychotics (FGAs) have been advocated
in some contexts despite the possibility of extrapyramidal symptoms (Carr, 2004). More recently, the decision

* Address for correspondence: D. B. Dwyer, Ph.D., Department of
Psychiatry, University of Melbourne, Parkville, Victoria, Australia.
(Email: dwyerd@unimelb.edu.au)
† These authors contributed equally to this work.

to prescribe either drug class has been informed by
an ongoing debate that questions whether FGAs and
SGAs have differential effects on the structure of
the brain independently of the effects of the illness
they are designed to treat (Meyer-Lindenberg, 2011;
Zipursky et al. 2013).
In animal models, chronic administration of both
drug classes results in the same reductions of grey
matter volume primarily of the frontal cortices in rats
(Vernon et al. 2011, 2014) and macaques (DorphPetersen et al. 2005). However, these results are not
replicated in human neuroimaging studies, which report differential effects in the ﬁrst 6 to 12 months
of treatment (Dazzan et al. 2005; Garver et al. 2005;
Lieberman et al. 2005; Girgis et al. 2006; Thompson
et al. 2009; van Haren et al. 2011). Speciﬁcally, FGA
treatment has been associated with lower frontotemporal volume (Dazzan et al. 2005) whereas patients
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treated with SGAs show volumetric increases (Garver
et al. 2005; Girgis et al. 2006), and their cumulative
dose is associated with thicker frontal cortices
(van Haren et al. 2011). Similar effects have been reported in the largest randomized controlled trial
conducted to date, which found that the FGA haloperidol reduced frontal lobe volume whereas the SGA
olanzapine showed no signiﬁcant reductions over a
period of 6 months (Lieberman et al. 2005; Thompson
et al. 2009). Combined, these results highlight a discrepancy between animal and human research that
has not been resolved.
Further research has indicated that structural brain
differences between patients treated with FGA and
SGA medications is not evident at 12 months
(Thompson et al. 2009), and a more recent study by
Ho et al. (2011) found that differential effects are only
found in the volume of the parietal cortex and white
matter at 7.2 years. In addition, other research has
found that FGAs were associated with an increase,
rather than a decrease, of the anterior cingulate cortex
over 3 years (McCormick et al. 2005). However, the
question still remains as to why frontotemporal differences are found over periods of 6 to 12 months that
follow treatment for a ﬁrst episode of psychosis, especially because structural and functional brain differences at this time can predict long-term outcomes
(Ho et al. 2003; Cahn et al. 2006; Wood et al. 2006;
Gur et al. 2008). This issue could potentially be clariﬁed
by considering the effects of the antipsychotics in different subtypes of ﬁrst-episode psychosis.
Existing research on the differential effects of antipsychotics combines patients with affective and
non-affective psychosis (e.g. Lieberman et al. 2005;
Ho et al. 2011), despite evidence of similarities and
differences in brain structure across the conditions
(Morgan et al. 2007). Compared to healthy controls,
patients diagnosed with bipolar disorder show reductions in paralimbic regions whereas those with chronic
schizophrenia show more extensive changes to limbic,
paralimbic and neocortical structures (Bora et al. 2010;
Ellison-Wright & Bullmore, 2010). In ﬁrst-episode affective and schizophrenia spectrum psychoses, similar
reductions across both conditions compared to controls
have been found in the temporal pole (Kasai et al.
2003a, b), inferior temporal gyrus (Kuroki et al. 2006),
medial frontal gyrus (Janssen et al. 2008), subgenual
cingulate (Koo et al. 2008), prefrontal grey matter
(Wiegand et al. 2004) and in whole-brain measurements (Nakamura et al. 2007). Reductions that are speciﬁcally associated with ﬁrst-episode schizophrenia
spectrum psychoses have been reported in the insula
(Kasai et al. 2003a, b; Takahashi et al. 2009b), middle
and superior temporal gyri (Kuroki et al. 2006;
Takahashi et al. 2009a), middle frontal gyrus (Janssen

et al. 2008) and cingulate cortices (Koo et al. 2008).
These ﬁndings raise the possibility that medication
and illness type could have independent effects on
the brain, or that there could be an interaction between
them; for example, differential effects may only occur
in patients with schizophrenia due to treatment bias
or underlying pathophysiological processes. Neither
of these possibilities has been previously investigated.
In this study we selected a sample of ﬁrst-episode
schizophrenia and affective psychosis patients (speciﬁcally, depression and bipolar disorder) who were
treated with either FGA or SGA medications based
on prescription guidelines at the time they were
entered into the study. We then established whether
there were cortical thickness differences within the diagnostic and medication subgroups when compared to
each other and to a matched healthy control group.
Finally, we conducted a whole-brain interaction analysis to determine whether any of the observed effects
were due to a speciﬁc diagnosis or medication. We
had two alternative hypotheses due to the novelty of
the analysis. On the one hand, both medications and
diagnoses could have exerted independent effects on
cortical grey matter, as has been assumed in previous
research that has not controlled for either factor (e.g.
Takahashi et al. 2009a; Ho et al. 2011). On the other
hand, it was also possible that differential effects of
medications would only be found in patients with
schizophrenia rather than affective psychoses.

Method
Participants
Participants were selected from a well-characterized
cohort of 162 ﬁrst-episode patients and 87 controls
who underwent magnetic resonance imaging (MRI)
scanning between 8 July 1994 and 20 November 1999
(as described in Velakoulis et al. 2006). In brief, the
original cohort was recruited from the Early Psychosis Prevention and Intervention Centre (EPPIC;
Melbourne, Australia), were aged 16 to 30 years, and
were psychotic at the time of the scan as reﬂected
by the presence of at least one symptom (delusions,
hallucinations, disordered thinking or speech, or disorganized, bizarre or markedly inappropriate behaviour). Subjects received DSM-III-R diagnoses based
on medical record review and either the Royal
Park Multidiagnostic Instrument for Psychosis (MIP;
McGorry et al. 1990) or the Structured Clinical
Interview for DSM-III-R (SCID; Spitzer et al. 1992).
Controls were recruited from similar sociodemographic areas to patients by approaching ancillary
hospital staff and through advertisements. Patients
were excluded if they had received antipsychotic
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medications prior to their intake into EPPIC, if
they had any history of signiﬁcant head injury,
seizures, neurological diseases, impaired thyroid function or steroid use, or if they were diagnosed with
alcohol or substance abuse/dependence using the
SCID. Control subjects were excluded based on the
same criteria or if they had a family history of psychiatric illness.
At the time of the MRI scan, information on the
current type and dosage of antipsychotic medications
was collected from each participant’s EPPIC medical
records. These data were reviewed for the current
study and participants were selected based on whether
they were prescribed an FGA (e.g. chlorpromazine;
n = 41) or an SGA (e.g. risperidone; n = 109); participants
with a history of both medication classes (n = 5) and
treatment-naïve subjects (n = 7) were excluded. Because
of the speciﬁc focus of this study on ﬁrst-episode
schizophrenia versus ﬁrst-episode affective disorders
(i.e. depression or bipolar disorders), we then excluded participants with other psychosis-related
diagnoses as deﬁned by the SCID or MIP scales, including: schizophreniform psychosis (n = 57), schizoaffective psychosis (n = 15), delusional disorder (n = 3),
substance-induced psychosis (n = 4), brief psychosis
(n = 6), and psychosis not otherwise speciﬁed (n = 12).
We also excluded a further 10 participants due to
poor image quality. Control participants were then
selected by randomly sampling age- and sex-matched
participants from the original cohort. Doses of antipsychotics (apart from olanzapine) were converted to
chlorpromazine equivalents (CPZ-Eq) based on Kane
(1996); that is 5 mg/day triﬂuoperazine, 2 mg/day
haloperidol, 2 mg/day ﬂuophenazine, 50 mg/day clozapine and 1 mg/day risperidone were equivalent to
100 mg/day CPZ. Olanzapine was not included in
Kane (1996) because it was a newer antipsychotic
and it was therefore converted based on Woods
(2003), that is 5 mg/day olanzapine was equivalent
to 100 mg/day CPZ. The Positive and Negative
Syndrome Scale (PANSS; Kay et al. 1987) was also
administered at the time of the scan and was used in
further analysis to characterize the sample.
The ﬁnal sample used in this study comprised 25
FGA-treated subjects [chlorpromazine (n = 19), triﬂuoperazine (n = 3), ﬂupenthixol (n = 1), haloperidol (n = 1)]
who were admitted between 1994 and 1996 (except
ﬁve who were admitted between 1997 and 1998) and
27 SGA-treated subjects [risperidone (n = 17), olanzapine (n = 6), clozapine (n = 4)] who were admitted between 1997 and 1999 (Table 1). Importantly, patients
were all treated within the same ﬁrst-episode service
(EPPIC) and hence the time difference reﬂected antipsychotic prescription guidelines at the time the data
were collected. This reduced the possibility of drug
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prescription on the basis of demographic (e.g. age, gender or intelligence) or symptom (e.g. diagnosis and
speciﬁc symptoms) variables that may have biased
the results. Within the antipsychotic medication
groups, there were 27 subjects diagnosed with ﬁrstepisode schizophrenia psychosis and 25 with affective
psychosis (eight depression/17 bipolar; see Table 1).
Combined, the subsample of this study was not different from the original sample of 162 participants
in terms of age (t160 = 1.24, p = 0.22), gender (Z = − 0.12,
p = 0.91), intelligence (t160 = − 0.69, p = 0.49), age at ﬁrst
admission (t148 = 1.4, p = 0.17) or illness duration
(t158 = 1.37, p = 0.17).
Participants involved in this study have been used
in previous cross-sectional research from this group
investigating medial temporal lobe structures
(Velakoulis et al. 1999, 2006), superior temporal gyri
(Takahashi et al. 2009b), insula cortices (Takahashi
et al. 2009a), anterior cingulate cortices (Fornito et al.
2008) and corpus callosum (Walterfang et al. 2009).
Imaging and pre-processing
MR images were acquired at the Royal Melbourne
Hospital on a 1.5-T Sigma scanner (General Electric
Medical Systems, Australia) using a three-dimensional
volumetric spoiled gradient recalled echo in the
steady-state sequence generating 124 contiguous,
1.5-mm coronal sections. The following imaging parameters were used: echo time, 3.3 ms; repetition time,
14.3 ms; ﬂip angle, 30°; matrix size, 256 × 256; ﬁeld
of view, 24 × 24 cm matrix; and voxel dimensions,
0.938 × 0.938 × 1.5 mm. Images were processed using
the standard FreeSurfer (version 4.5.0) processing pipeline. This ﬁrst involved voxel resampling (1 mm3),
motion correction, non-uniform intensity normalization and removal of the skull. The white-matter boundary was then automatically traced, tessellated and
smoothed at a 20-mm full-width at half-maximum
kernel. The pial boundary was generated from the
white mesh by lateral deformation to the cerebrospinal
ﬂuid. To facilitate group comparisons, FreeSurfer uses
sulcal registration and normalization to Montreal
Neurological Institute (MNI) standard space (Desikan
et al. 2006). Each processed image was reviewed for
pial and white-matter tracing accuracy by a blinded,
trained researcher (B.R.E.A.). FreeSurfer control points
were inserted to extend incorrect white-matter boundaries and misclassiﬁed grey matter was deleted.
Images were then reprocessed to improve the accuracy
of the automatic tracing method (Fischl et al. 2004).
Statistical analyses
Clinical and demographic variables were compared
using parametric (ANOVA or t tests) or non-parametric
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Table 1. Demographic results for FGA- and SGA-medicated subject groups

Diagnosis (n females)
FE-SCZ
FE-AFF
Total (n females)
Age (years), mean (S.D.)
Admission age (years), mean (S.D.)
Illness durationa (days), mean (S.D.)
CPZ-Eq (mg), mean (S.D.)
Cumulative CPZ-Eq (mg), mean (S.D.)
Lateralityb R/L
PANSSc, mean (S.D.)
Positive
Negative
Generald
NART, mean (S.D.)

FGA

SGA

Control

Group comparisons

15 (2)
10 (6)
25 (8)
21.93 (3.5)
21.6 (3.2)
42.36 (83.5)
160.96 (100.7)
6250 (9239)
19/6

12 (5)
15 (4)
27 (9)
21.95 (3.3)
21.4 (3.2)
93.04 (141)
251.85 (160.8)
41 501 (98 481)
22/4, 1 ambidextrous

–

χ21 = 1.26, p = 0.262

28 (11)
21.07 (2.5)
–
–
–
–
26/2

–
F1,79 = 0.698, p = 0.501
t49=−0.19, p = 0.849
t48 = 1.55, p = 0.129
t50 = 2.42, p = 0.019*
t48 = 1.89, p = 0.065
χ22 = 2.914, p = 0.233

22.4 (6.5)
22 (6.8)
41.6 (8.2)
93.11 (13.92)

22.4 (5.5)
21.9 (6.2)
44.3 (7.4)
93.27 (14.33)

–
–
–
101.64 (10.46)

t37 = 0.01, p = 0.99
t37 = 0.06, p = 0.95
t36=−1.05, p = 0.3
ANOVA
FGA v. SGA:
FGA v. control:
SGA v. control:

F1,79 = 3.867, p = 0.025*
F1,50 = 0.002, p = 0.968
F1,52 = 6.449, p = 0.014*
F1,54 = 6.16, p = 0.016*

FGA, First-generation antipsychotic; SGA, second-generation antipsychotic; FE-SCZ, ﬁrst-episode schizophrenia; FE-AFF, ﬁrst-episode affective psychosis; CPZ-Eq, equivalent chlorpromazine dose; R, right; L, left; NART, National Adult Reading Test (a measure of pre-morbid IQ; Nelson & O’Connell, 1978); PANSS, Positive and Negative Syndrome Scale; S.D.,
standard deviation.
a
Illness duration measured from time of intake into the Early Psychosis Prevention and Intervention Centre (EPPIC). Data missing for two subjects.
b
Ambidextrous patient excluded for the χ2 test.
c
Analysis based on available data for 15 FGA-treated subjects and 24 SGA-treated subjects.
d
Data were not available for one FGA-treated subject.
* Signiﬁcant at p < 0.05.

Divergent effects of FGAs and SGAs on cortical thickness
(χ2) tests where appropriate. Between-group differences in cortical thickness were estimated using the
FreeSurfer query design estimate contrast (QDEC;
http://surfer.nmr.mgh.harvard.edu) interface. General
linear models were used to estimate thickness differences at each vertex of both hemispheres with a
threshold of p < 0.001 to derive spatially precise and
statistically robust clusters of signiﬁcant vertices. For
each cluster, the family-wise error was then corrected
using the FreeSurfer Monte-Carlo approach as described previously (Hagler et al. 2006). This procedure
estimates the probability of observing a cluster of
equal or greater spatial extent from a null distribution
of cluster sizes generated from 10 000 simulations of
random data. Statistical signiﬁcance was then declared
if the cluster probability was p < 0.05. The cortical label,
Talairach coordinates, cluster area (mm2), effect size
and cluster p value were then tabulated.
Three sets of planned comparisons were conducted
to identify differences between diagnoses and medications before conducting analyses of interactions. First,
pair-wise comparisons were conducted between all
combinations of the ﬁrst-episode schizophrenia participants, ﬁrst-episode affective participants and healthy
controls to determine differences between the diagnostic groups. Second, comparisons were conducted between all combinations of groups treated with FGAs,
SGAs and controls to determine differences between
the medication classes. Third, the interaction between
the diagnosis and medication type was assessed. To
visualize similarities and differences of the comparisons within each set, signiﬁcant results (cluster threshold, p < 0.05) were binarized, colour coded and
overlayed onto a standard average brain included in
the FreeSurfer software (fsaverage). Overlap between
comparisons was represented as a linear combination
of the colours (e.g. overlap between green and red
was represented as yellow).
To further investigate the relationship between antipsychotic use and cortical thickness changes, dose–
response relationships were assessed. Spearman’s
rank correlations were calculated between average
thicknesses for each signiﬁcant cluster of the FGA–
SGA comparison, with the cumulative medication
dose calculated by multiplying daily CPZ-Eq dosage
by the number of days from each patient’s admission
(and therefore treatment) to the date of the MRI scan.
To investigate the relationship to clinical symptoms,
Spearman’s rank correlations were then calculated between the thickness values of the same clusters and the
positive, negative and general PANSS scores. Finally,
because mood stabilizers are known to increase greymatter volume (Bora et al. 2010; Lyoo et al. 2010),
patients taking lithium (n = 2) were removed from the
SGA-medicated cohort, and the analysis of cortical
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thickness difference between medication groups was
repeated.

Results
Demographics
No differences were found between FGA- and
SGA-treated patient groups in diagnosis, age, sex, or
estimated pre-morbid intelligence (Table 1; Nelson &
O’Connell, 1978). Analysis of the PANSS also did not
reveal any differences in positive, negative or general
psychotic symptoms (Table 1). However, differences
were found for dosage, with the SGA group exhibiting a higher mean CPZ-Eq. The control group was
matched for age and sex but had higher pre-morbid
intelligence when compared to patients (Table 1).
Diagnostic differences in cortical thickness
The ﬁrst-episode schizophrenia group exhibited
decreased thickness compared to controls in frontal,
parietal, temporal and occipitotemporal regions
(Table 2; Fig. 1). These differences were most pronounced in the prefrontal regions of the right caudal
middle frontal gyrus (Z = − 5.6, p < 0.001) and the
medial surface of the right superior frontal gyrus
(Z = − 5.4, p < 0.001). By contrast, the comparison of
ﬁrst-episode affective psychosis with controls only
revealed reductions in two spatially smaller areas:
one in the right inferior parietal lobe and the other
mainly located in the right cingulate sulcus.
Comparison of diagnostic subgroups did not reveal
signiﬁcant differences at cluster-corrected levels, but
when the statistical criterion for signiﬁcance was
relaxed to a vertex-wise level of p < 0.05 for exploratory
purposes, the schizophrenia subgroup demonstrated
reduced thickness in large clusters across frontal and
parietal regions (Supplementary Fig. S1).
Medication differences in cortical thickness
Compared to control participants, the FGA subgroup
demonstrated reduced cortical thickness of the right
middle frontal and superior frontal gyri whereas the
SGA subgroup exhibited reduced thickness in mostly
non-overlapping regions of the right inferior parietal,
superior frontal and fusiform gyri (Table 2; Fig. 2).
Furthermore, those medicated with SGAs also displayed increased cortical thickness compared with controls of the left precentral and right postcentral gyri,
but no increases were detected in the FGA group
(Table 2).
Comparison of the medication subgroups revealed
large clusters of reduced cortical thickness associated
with the FGA group in bilateral regions that included
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Table 2. Cortical thickness differences of diagnostic, medication and control groups

Cluster location
Diagnostic differences
Scz<Ctrl
Right caudal middle frontal
Right superior frontal
Right supramarginal
Left superior frontal
Left lateral occipital
Left parahippocampal
Aff<Ctrl
Right inferior parietal
Right superior frontal
Medication differences (decreases)
FGA<Ctrl
Right rostral middle frontal
Right superior frontal
SGA<Ctrl
Right inferior parietal
Right superior frontal
Right fusiform
FGA<SGA
Left precentral
Left pericalcarine
Left superior frontal
Right postcentral
Right superior frontal
Right pericalcarine
Medication differences (increases)
SGA>Ctrl
Left precentral
Right postcentral

Talairach coordinates of
peak difference (x,y,z)

Effect size of
peak difference
(z score)

Cluster
probability
(p value)

Cluster size
(mm2)

34
10
43
−7
−47
−20

14
12
−28
4
−71
−40

31
42
23
56
12
−7

−5.6
−5.4
−4.1
−4.3
−4.2
−3.5

1363
1347
368
452
437
320

<0.001
<0.001
0.03
0.01
0.01
0.03

38
13

−62
23

16
30

−4.0
−3.8

533
402

0.006
0.02

39
8

26
12

31
52

−5.1
−4.5

853
581

<0.001
0.004

37
12
42

−58
27
−47

18
30
−9

−6.6
−5.2
−4.3

1998
1209
585

<0.001
<0.001
0.004

−33
−13
−19
39
16
5

−17
−81
30
−17
37
−75

45
10
46
41
41
15

−7.2
−5.3
−4.7
−6.9
−6.0
−5.3

971
1165
952
4319
855
1123

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

−34
39

−21
−18

43
42

4.8
3.7

429
408

0.01
0.02

Scz, Schizophrenia; Ctrl, control; Aff, affective psychosis; FGA, ﬁrst-generation antipsychotic; SGA, second-generation
antipsychotic.

the superior frontal, pre- and postcentral gyri and pericalcarine cortices. Of note, these regions did not overlap substantially with those found in comparisons
with control participants, with two exceptions. First,
the most pronounced difference between the medication groups was located in the left precentral gyrus
(Z = − 7.2, p < 0.001), which was in a similar location
to the peak associated with increased cortical thickness
in the SGA group compared to controls (Table 2).
Second, a cluster was found in the right middle frontal
gyrus where the FGA group demonstrated reduced
cortical thickness compared to the SGA patients and
controls (Fig. 2, yellow cluster).
To further investigate the relationship to controls in
clusters derived from the medication subgroup comparison, we extracted the mean thickness estimates of
each cluster across participants. We then plotted

these estimates to compare the groups graphically,
and tested for signiﬁcant differences with controls
using t tests at an exploratory level of p < 0.05
(Fig. 2a–f). Visual comparison of the groups shows
that the control group was interposed between the
FGA subgroup, which demonstrated the lowest thickness estimates, and the SGA subgroup, which demonstrated the highest estimates. Statistical comparisons
demonstrated signiﬁcantly increased thickness in the
SGA group compared to controls across all clusters,
and decreased thickness of the right superior frontal
and postcentral gyri in the FGA group.
Interaction analyses
No signiﬁcant interactions at cluster-corrected levels
were found, suggesting that the effects of diagnosis
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Fig. 1. Comparisons of diagnostic subgroups. Brain surface
maps show statistically signiﬁcant areas of reduced cortical
thickness (cluster-wise probability, p < 0.05) derived from
pair-wise group comparisons. Each comparison is colour
coded and overlap between clusters is represented as a
linear combination of comparison colours. Reduced cortical
thickness was found in the ﬁrst-episode schizophrenia (Scz)
group compared to controls (Ctrl; green areas) in the right
inferior frontal gyrus, bilateral medial superior frontal gyri
and left temporo-occipital cortex. Reduced thickness of the
affective psychosis subgroup (Aff; blue) was found in the
right temporo-occipital region and in a small area of
the right cingulate sulcus. No signiﬁcant differences were
found when comparing schizophrenia and affective
subgroups (red).

and medication were independent. However, because
of the reduction in statistical power associated with
an investigation of interaction effects in a sample of
this size (i.e. the a priori power to detect an interaction
effect was calculated as 0.75), we lowered the primary
threshold of signiﬁcance to an uncorrected level of
p = 0.05. The results demonstrated small and spatially
diffuse regions of signiﬁcance that probably represented false-positive results given the large number
of comparisons (Supplementary Fig. S3). Combined,
there was very little evidence for drug × medication
interaction effects.

Correlation analyses
Given the aim of the study to investigate differences
between FGA and SGA treatment, we focused on
dose–response analysis of the clusters derived from
the medication subgroup comparison. A higher cumulative dose was signiﬁcantly associated with reduced
cortical thickness in the left superior frontal cortex
of those treated with FGA medications (ρ = − 0.46,
p = 0.018; Fig. 3), but not with those treated with
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SGAs (Supplementary Table S1). Correlations between
total symptom scores on the PANSS and cortical thickness in the same clusters across the groups did not
reveal signiﬁcant associations at uncorrected levels
(p > 0.05; Supplementary Table S2). However, dividing
the sample into treatment groups revealed that
reduced positive symptoms were associated with
increased thickness of the left superior frontal gyrus
in SGA-medicated subjects (ρ = − 0.52, p = 0.012), and
reduced negative symptoms were associated with
increased thickness of the left pericalcarine (ρ = − 0.62,
p = 0.014), right pericalcarine (ρ = − 0.61, p = 0.015) and
right postcentral gyrus (ρ = − 0.63, p = 0.012) in FGAmedicated subjects (Supplementary Table S2). Combined, these results suggest that reduced symptoms
are associated with a thicker cortex, but also that the
effects are speciﬁc to each group.
Exclusion of lithium-treated individuals
The exclusion of the two patients using lithium had no
appreciable effect on the comparison of the FGA and
SGA subgroups (Supplementary Fig. S2).

Discussion
In this study we examined structural differences in
a group of ﬁrst-episode patients with either a schizophrenia or affective diagnosis, and also the effects of
FGAs versus SGAs within an average of 3 months following intake. Our results indicate that FGA and SGA
medications have divergent effects on cortical thickness that are independent of diagnosis-related changes.
Thus, both FGAs and SGAs were associated with
cortical thickness differences regardless of diagnosis
in these ﬁrst-episode patients. Analysis of each treatment group compared with controls demonstrated
that FGAs were associated with decreased thickness
in frontal regions whereas SGAs were associated
with increased thickness of pre- and postcentral gyri
in addition to decreased thickness of medial frontal,
parietal and fusiform areas.
The main focus of this study was the comparison of
the two treatment conditions. These analyses indicated
that a large area of the frontoparietal region showed
decreased thickness in the FGA compared to the
SGA group, particularly involving the bilateral
superior frontal gyri, bilateral pericalcarine gyri, left
precentral gyrus and right postcentral gyrus.
Comparison with controls within these regions indicated that FGA-treated patients tended to show
decreased cortical thickness whereas the SGA group
showed increases. Correlational analysis using estimates from the same clusters indicated that increased
FGA dose was associated with reduced cortical
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Fig. 2. Comparisons of medication subgroups. Brain surface maps (left) show statistically signiﬁcant (cluster-wise probability,
p < 0.05) areas of reduced cortical thickness in comparisons of: subgroups treated with ﬁrst-generation antipsychotics (FGAs)
compared to second-generation antipsychotics (SGAs; red clusters), the FGA subgroup compared to control participants (Ctrl;
green clusters), and the SGA subgroup compared to control participants (blue clusters). Overlap of clusters is represented as a
linear combination of colours from pair-wise comparisons (see colour wheel on bottom left). Results demonstrated large areas
of reduced cortical thickness in the subgroup treated with FGAs in superior frontal, pre- and postcentral and pericalcarine
gyri. Compared to control participants, reductions were found in the FGA subgroup in the right superior lateral and medial
frontal cortex, and in the SGA group in the right cingulate and temporo-occipital regions. Further investigation of the mean
thickness from the clusters of the FGA versus SGA subgroups (right plots; a–f) demonstrated that the mean cortical thickness
of the control group was interposed between patients treated with FGAs and those treated with SGAs in the following
regions: (a) left superior frontal gyrus, (b) left precentral gyrus, (c) left pericalcarine gyrus, (d) right superior frontal gyrus,
(e) right postcentral gyrus and (f) right pericalcarine gyrus. t tests with control group comparison: ¤, p < 0.05, † p < 0.01,
‡ p < 0.001.

Diagnostic differences

Fig. 3. Dose–response relationship. Relationship between
cumulative ﬁrst-generation antipsychotic (FGA) dose and
average cortical thickness of the left superior frontal cortex
cluster identiﬁed in Fig. 2 and Table 2. Note log scale of the
x axis.

thickness of the superior frontal cortex. Furthermore,
in the FGA-treated patients, cortical thinning was
associated with higher negative symptom scores.
By contrast, increased cortical thickness in the SGAtreated group was associated with lower positive
symptom scores.

Compared to control participants, the ﬁrst-episode
schizophrenia psychosis group exhibited reduced
thickness in large clusters of the inferior frontal gyrus
and medial surface of the superior frontal gyrus,
whereas the ﬁrst-episode affective psychosis group
demonstrated reductions in the inferior parietal lobe
and the cingulate sulcus. As in previous research
(e.g. Kuroki et al. 2006), comparisons between the diagnostic groups did not reveal signiﬁcant differences.
Our results support previous research in showing
more pronounced differences in patients with ﬁrstepisode schizophrenia spectrum psychoses in frontal
regions (Wiegand et al. 2004; Janssen et al. 2008), but
they did not replicate previous ﬁndings in the insula
(Kasai et al. 2003a, b; Takahashi et al. 2009a), middle
and superior temporal gyri (Kuroki et al. 2006;
Takahashi et al. 2009a) or cingulate cortices (Koo et al.
2008). Furthermore, unlike in most previous research,
we did not ﬁnd overlapping patterns of reduced cortical thickness that generalized across both schizophrenia and affective groups in the temporal pole
(Kasai et al. 2003a, b), inferior temporal gyrus
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(Kuroki et al. 2006), medial superior frontal gyrus
(Janssen et al. 2008) or subgenual cingulate (Koo et al.
2008). Given that previous research has not controlled
for medication class, it is possible that the more circumscribed results in this study represent more
speciﬁc effects of each illness, for example overlapping
patterns in previous research could be due to the effects of either FGA or SGA medications. However, it
should also be noted that the partial convergence
with previous research could be due to other factors,
such as the methodology or speciﬁc sample used here.
FGAs
The results of this study support previous research
showing decreased frontal grey matter in FGA- relative
to SGA-medicated patients (Dazzan et al. 2005; Garver
et al. 2005; Lieberman et al. 2005; Girgis et al. 2006;
Thompson et al. 2009; van Haren et al. 2011). The
ﬁnding that increased cumulative FGA dose correlated
with reduced cortical thickness in the superior frontal
gyrus is in line with previous ﬁndings of a similar relationship in the left precentral gyrus (van Haren
et al. 2011). Notably, compared to healthy controls,
decreased thickness was also observed in post-hoc comparisons in the left superior frontal gyrus and right
postcentral gyrus, whereas whole-brain comparisons
revealed clusters of reduced thickness in the medial
superior frontal gyrus and middle frontal gyrus. In addition, we found that reduced cortical thickness was
associated with increased negative symptoms in bilateral pericalcarine cortices and the right postcentral
gyrus. Combined, these results suggest that FGA medications reduce cortical thickness during a ﬁrst episode
of psychosis and that such reductions may be associated with higher negative symptoms.
The pattern of thickness difference found in this
study was most similar to the results of Thompson
et al. (2009), who found frontoparietal reductions
with FGA treatment during a longitudinal randomized
controlled trial in ﬁrst-episode schizophrenia. These
effects might occur because of medication-induced effects on neuropil (i.e. unmyelinated axons, dendrites
and glial processes), neuronal bodies or brain haemodynamics. First, FGA-induced reductions in neuropil
have been evidenced in rodents (reviewed in Harrison,
1999; Castillo-Gómez et al. 2008), and as such a similar
effect may have resulted in the reductions of cortical
thickness found here, and also increases in neuronal
density in post-mortem brains of FGA-treated schizophrenia patients (Selemon et al. 1998). Second, thickness may decrease due to neuronal cell loss, in light
of evidence showing that haloperidol treatment can result in oxidative stress in rodent brains (Rienke et al.
2004) and apoptosis in neuronal cultures (Noh et al.
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2000). Third, a reduction in blood ﬂow to the frontal
lobes has been associated with FGA use (Miller et al.
2001), which may theoretically affect thickness
(Dazzan et al. 2005; McClure et al. 2008). Delineating
between these possibilities during a ﬁrst episode of
psychosis could thus be a focus of future research.
Alternatively, it should be noted that the frontoparietal thickness differences found in this study
could be because FGA-medicated patients received a
lower standardized dose (CPZ-Eq) when compared
to those treated with SGAs (Table 1); for example,
insufﬁcient treatment of the FGA group may have exposed an underlying disease process related to cortical
atrophy. However, similar effects to those found in
this study have also been displayed in previous research with similar cumulative doses of each medication (e.g. Dazzan et al. 2005; Lieberman et al. 2005;
Thompson et al. 2009), a dose–response relationship
with FGA treatment was found, symptoms of the
patients did not differ between the medication groups,
and we did not ﬁnd an interaction between medication
and diagnosis.
SGAs
Patients treated with SGAs displayed greater cortical
thickness than patients treated with FGAs in frontoparietal regions, in accordance with previous longitudinal research (Garver et al. 2005; Lieberman et al.
2005; Molina et al. 2005; Girgis et al. 2006; Thompson
et al. 2009). Increased thickness was also found in comparisons of the SGA group with controls in post-hoc
analyses, and also for two clusters in the pre- and postcentral sulci at a whole-brain level. Of note, there
has been only one study to our knowledge that has
shown increases in cortical volume with SGA treatment in comparisons with controls (Molina et al.
2005), and thus these results may represent an important addition to previous research. Furthermore, the
current study has also demonstrated a novel correlation between increased thickness of the superior frontal gyrus and reductions in positive symptoms.
The lack of an interaction with diagnosis, coupled
with observations of increased thickness compared to
controls, suggests that SGAs may increase grey matter
measurements rather than suppressing any illnessrelated effects that may reduce cortical grey matter.
In a similar way that FGA treatment may be associated
with decreases of the neuropil, these ﬁndings may suggest that SGAs result in increases of the neuropil.
Support for this hypothesis comes from rodent studies
ﬁnding that SGA treatment is associated with both
increased neuropil density in the prefrontal cortex
(Maćkowiak et al. 2009) and increased expression levels
for proteins implicated in synaptogenesis (Chiba et al.
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2006; Maćkowiak et al. 2009). Furthermore, brainderived neurotrophic factor, which stimulates synaptogenesis in rodents (Aguado et al. 2003), is increased
both in rat neurons in vitro after SGA treatment
(Tan et al. 2007) and in the serum of SGA-treated
ﬁrst-episode patients (González-Pinto et al. 2010).
Thus, our ﬁndings support the notion that medication
classes have opposite effects on cortical thickness that
may be mediated through differing impact on synaptogenesis at the same cortical sites.
However, although opposite changes to neuropil is
a compelling hypothesis to describe differential effects
of FGA and SGA medications, other hypotheses
should be noted. First, SGA-mediated increases in
cortical thickness may be related to blood ﬂow changes
as SGAs can normalize blood ﬂow deﬁcits associated
with ﬁrst-episode psychosis (Pardo et al. 2011).
However, although normalized blood ﬂow may explain increases of thickness relative to FGA-medicated
ﬁrst-episode patients, this does not explain the absolute increase relative to controls. Second, it is possible
that the metabolic disturbances that arise from SGA
treatment may increase cortical thickness through
changes to tissue perfusion, fat and water content
(Weinberger & McClure, 2002; Mondelli et al. 2013).
However, if these secondary metabolic changes were
the cause of thickness increases then it is difﬁcult to describe how they would relate to decreases in positive
symptoms as we found in the superior frontal gyrus
of SGA-medicated subjects.
A more substantial challenge to the neuropil hypothesis of differential medication effects is that we also
found decreased thickness with SGA treatment compared to controls in the inferior parietal, superior
frontal/anterior cingulate and fusiform gyri. This
result differs from previous research because similar
decreases associated with SGA treatment have only
been reported in previous longitudinal research,
when structural brain changes could be compounded
by intervening factors (McCormick et al. 2005; Ho
et al. 2011). In addition, although animal research
does report volumetric decreases associated with
SGA treatments over short time periods (DorphPetersen et al. 2005; Vernon et al. 2011, 2014), they are
not localized to speciﬁc areas such as we found here.
Taken together, these novel ﬁndings may suggest
that, although SGA increases are more common during
short-term treatment, decreases may be localizable to
certain brain regions, such as the anterior cingulate
cortex.

are separable during a ﬁrst episode of psychosis.
Concerning diagnostic differences, the results raise
the possibility that previously reported overlapping
patterns of cortical deﬁcit in schizophrenia and affective psychoses might be attributable to medication
effects. Concerning medication differences, this research mainly highlights that FGAs may decrease,
whereas SGAs increase, cortical thickness in frontoparietal brain regions. An intriguing hypothesis from
our ﬁndings, showing that increased thickness was
associated with reduced symptoms across mediation
types, is that treatments maximizing cortical thickness
may have positive beneﬁts on symptoms. Furthermore,
these changes may be particularly relevant to consider
during the earliest stages of illness as studies have
shown that grey matter indices at this time predict
long-term outcomes (Ho et al. 2003; Cahn et al. 2006;
Wood et al. 2006; Gur et al. 2008).
Limitations
Although every attempt was made to control for heterogeneous patient differences that are inherent in
most clinical samples, the following limitations should
be kept in mind. First, although this study did not ﬁnd
an interaction between ﬁrst-episode schizophrenia and
affective psychoses, the interaction analyses were marginally underpowered and analysis with larger groups
is needed. Second, the simpliﬁed FGA/SGA dichotomy
in this study belies the pharmacological complexity
of each drug included within these categories; for
example, the FGA drugs haloperidol and chlorpromazine have differing neurotransmitter receptor-binding
proﬁles, which may have inﬂuenced the results.
Third, two neuroleptic-naïve ﬁrst-episode schizophrenia and affective psychosis cohorts would have
been preferable to using healthy control subjects to directly address the issue of interactions between illness
and medication. Finally, the conclusions of this study
can only be interpreted within the context of shortterm ﬁrst-episode treatment based on a cross-sectional
sample. Further research that longitudinally investigates the effects of antipsychotic class in different psychosis subtypes using balanced randomized controlled
designs is needed.
Conclusions
Our results suggest that FGA and SGA treatments
have divergent effects on cortical thickness during
the ﬁrst episode of psychosis that are independent
from changes due to illness.

Implications
The results of this study demonstrate that the effects of
psychotic illness and medication on cortical thickness

Declaration of Interest
None.

Downloaded from https://www.cambridge.org/core. IP address: 35.173.234.169, on 14 Jun 2021 at 18:51:38, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291714001652

Divergent effects of FGAs and SGAs on cortical thickness
Supplementary material
For supplementary material accompanying this paper
please visit http://dx.doi.org/10.1017/S0033291714001652.

Acknowledgements
This research was supported by grants from the
National Health and Medical Research Council
(NHMRC) of Australia (Grants 970598 and 981112)
and NHMRC Program Grant (ID: 566529). Support
was also provided by an NHMRC Clinical Career
Developmental Award (ID: 359223) to S. Wood;
an NHMRC Senior Principal Research Fellowship
(ID: 628386) to C. Pantelis; National Alliance for
Research on Schizophrenia and Depression (NARSAD)
Distinguished Investigator Awards from the Brain and
Behavior Research Foundation (USA) to C. Pantelis
and P. McGorry; the Ian Potter Foundation,
Melbourne; Woods Family Trust, Melbourne; and
a grant from the Victorian Health Promotion
Foundation, Melbourne. B. Ansell was supported by
the Undergraduate Research Opportunities program
(Melbourne University) and the Victorian Life Sciences
Computation Initiative; and had full access to all of the
data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.

References
Abi-Dargham A, Laruelle M (2005). Mechanisms of action of
second generation antipsychotic drugs in schizophrenia:
insights from brain imaging studies. European Psychiatry 20,
15–27.
Aguado F, Carmona MA, Pozas E, Aguiló A,
Martínez-Guijarro FJ, Alcantara S, Borrell V, Yuste R,
Ibañez CF, Soriano E (2003). BDNF regulates spontaneous
correlated activity at early developmental stages by
increasing synaptogenesis and expression of the K+/Clco-transporter KCC2. Development 130, 1267–1280.
Bora E, Fornito A, Yücel M, Pantelis C (2010). Voxelwise
meta-analysis of gray matter abnormalities in bipolar
disorder. Biological Psychiatry 67, 1097–1105.
Boter H, Peuskens J, Libiger J, Fleischhacker WW,
Davidson M, Galderisi S, Kahn RS; EUFEST study group
(2009). Effectiveness of antipsychotics in ﬁrst-episode
schizophrenia and schizophreniform disorder on response
and remission: an open randomized clinical trial (EUFEST).
Schizophrenia Research 115, 97–103.
Cahn W, van Haren NEM, Hulshoff Pol HE, Schnack HG,
Caspers E, Laponder DAJ, Kahn RS (2006). Brain
volume changes in the ﬁrst year of illness and 5-year
outcome of schizophrenia. British Journal of Psychiatry 189,
381–382.
Carr V (2004). Are atypical antipsychotics advantageous?
The case against. Australian Prescriber 27, 149–151.

525

Castillo-Gómez E, Gómez-Climent MA, Varea E, Guirado R,
Blasco-Ibáñez JM, Crespo C, Martínez-Guijarro FJ,
Nacher J (2008). Dopamine acting through D2 receptors
modulates the expression of PSA-NCAM, a molecule
related to neuronal structural plasticity, in the medial
prefrontal cortex of adult rats. Experimental Neurology 214,
97–111.
Chiba S, Hashimoto R, Hattori S, Yohda M, Lipska B,
Weinberger DR, Kunugi H (2006). Effect of antipsychotic
drugs on DISC1 and dysbindin expression in mouse frontal
cortex and hippocampus. Journal of Neural Transmission 113,
1337–1346.
Dazzan P, Morgan KD, Orr K, Hutchinson G, Chitnis X,
Suckling J, Fearon P, McGuire PK, Mallett RM, Jones PB,
Leff J, Murray RM (2005). Different effects of typical and
atypical antipsychotics on grey matter in ﬁrst episode
psychosis: the ÆSOP study. Neuropsychopharmacology 30,
765–774.
Desikan RS, Ségonne F, Fischl B, Quinn BT, Dickerson BC,
Blacker D, Buckner RL, Dale AM, Maguire RP,
Hyman BT, Albert MS, Killiany RJ (2006). An automated
labeling system for subdividing the human cerebral cortex
on MRI scans into gyral based regions of interest.
NeuroImage 31, 968–980.
Dorph-Petersen K-A, Pierri JN, Perel JM, Sun Z,
Sampson AR, Lewis DA (2005). The inﬂuence of chronic
exposure to antipsychotic medications on brain size before
and after tissue ﬁxation: a comparison of haloperidol and
olanzapine in macaque monkeys. Neuropsychopharmacology
30, 1649–1661.
Ellison-Wright I, Bullmore E (2010). Anatomy of bipolar
disorder and schizophrenia: a meta-analysis. Schizophrenia
Research 117, 1–12.
Fischl B, van der Kouwe A, Destrieux C, Halgren E,
Ségonne F, Salat DH, Busa E, Seidman LJ, Goldstein J,
Kennedy D, Caviness V, Makris N, Rosen B, Dale AM
(2004). Automatically parcellating the human cerebral
cortex. Cerebral Cortex 14, 11–22.
Fornito A, Yücel M, Wood SJ, Adamson C, Velakoulis D,
Saling MM, McGorry PD, Pantelis C (2008). Surface-based
morphometry of the anterior cingulate cortex in ﬁrst
episode schizophrenia. Human Brain Mapping 29, 478–489.
Garver DL, Holcomb JA, Christensen JD (2005). Cerebral
cortical gray expansion associated with two
second-generation antipsychotics. Biological Psychiatry 58,
62–66.
Girgis RR, Diwadkar VA, Nutche JJ, Sweeney JA,
Keshavan MS, Hardan AY (2006). Risperidone in
ﬁrst-episode psychosis: a longitudinal, exploratory
voxel-based morphometric study. Schizophrenia Research 82,
89–94.
González-Pinto A, Mosquera F, Palomino A, Alberich S,
Gutiérrez A, Haidar K, Vega P, Barbeito S, Ortiz A,
Matute C (2010). Increase in brain-derived neurotrophic
factor in ﬁrst episode psychotic patients after treatment
with atypical antipsychotics. International Clinical
Psychopharmacology 25, 241–245.
Gur RER, Cowell PP, Turetsky BIB, Gallacher FF,
Cannon TT, Bilker WW, Gur RCR (1998). A follow-up

Downloaded from https://www.cambridge.org/core. IP address: 35.173.234.169, on 14 Jun 2021 at 18:51:38, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291714001652

526

B. R. E. Ansell et al.

magnetic resonance imaging study of schizophrenia.
Relationship of neuroanatomical changes to clinical and
neurobehavioral measures. Archives of General Psychiatry 55,
145–152.
Hagler DJ Jr., Saygin AP, Sereno MI (2006). Smoothing and
cluster thresholding for cortical surface-based group
analysis of fMRI data. NeuroImage 33, 1093–1103.
Harrison PJ (1999). The neuropathological effects of
antipsychotic drugs. Schizophrenia Research 40, 87–99.
Ho B-C, Andreasen NC, Nopoulos P, Arndt S, Magnotta V,
Flaum M (2003). Progressive structural brain abnormalities
and their relationship to clinical outcome: a longitudinal
magnetic resonance imaging study early in schizophrenia.
Archives of General Psychiatry 60, 585–594.
Ho B-C, Andreasen NC, Ziebell S, Pierson R, Magnotta V
(2011). Long-term antipsychotic treatment and brain
volumes a longitudinal study of ﬁrst-episode schizophrenia
long-term antipsychotics and brain volumes. Archives of
General Psychiatry 68, 128–137.
Janssen J, Reig S, Parellada M, Moreno D, Graell M,
Fraguas D, Zabala A, Garcia Vazquez V, Desco M,
Arango C (2008). Regional gray matter volume deﬁcits in
adolescents with ﬁrst-episode psychosis. Journal of the
American Academy of Child and Adolescent Psychiatry 47,
1311–1320.
Kahn RS, Fleischhacker WW, Boter H, Davidson M,
Vergouwe Y, Keet IPM, Gheorghe MD, Rybakowski JK,
Galderisi S, Libiger J, Hummer M, Dollfus S,
López-Ibor JJ, Hranov LG, Gaebel W, Peuskens J,
Lindefors N, Riecher-Rössler A, Grobbee DE; EUFEST
study group (2008). Effectiveness of antipsychotic drugs in
ﬁrst-episode schizophrenia and schizophreniform disorder:
an open randomised clinical trial. Lancet 371, 1085–1097.
Kane JM (1996). Schizophrenia. New England Journal of
Medicine 334, 34–41.
Kasai K, Shenton ME, Salisbury DF, Hirayasu Y,
Onitsuka T, Spencer MH, Yurgelun-Todd DA, Kikinis R,
Jolesz FA, McCarley RW (2003a). Progressive decrease of
left Heschl gyrus and planum temporale gray matter
volume in ﬁrst-episode schizophrenia: a longitudinal
magnetic resonance imaging study. Archives of General
Psychiatry 60, 766–775.
Kasai K, Shenton ME, Salisbury DF, Onitsuka T, Toner SK,
Yurgelun-Todd D, Kikinis R, Jolesz FA, McCarley RW
(2003b). Differences and similarities in insular and temporal
pole MRI gray matter volume abnormalities in ﬁrst-episode
schizophrenia and affective psychosis. Archives of General
Psychiatry 60, 1069–1077.
Kay SR, Opler LA, Fiszbein A (1987). The Positive and
Negative Syndrome Scale (PANSS) for schizophrenia.
Schizophrenia Bulletin 13, 261–276.
Koo MS, Levitt JJ, Salisbury DF, Nakamura M,
Shenton ME, McCarley RW (2008). A cross-sectional and
longitudinal magnetic resonance imaging study of
cingulate gyrus gray matter volume abnormalities in
ﬁrst-episode schizophrenia and ﬁrst-episode affective
psychosis. Archives of General Psychiatry 65, 746–760.
Kuroki N, Shenton ME, Salisbury DF, Hirayasu Y,
Onitsuka T, Ersner-Hershﬁeld H, Yurgelun-Todd D,

Kikinis R, Jolesz FA, McCarley RW (2006). Middle and
inferior temporal gyrus gray matter volume abnormalities
in ﬁrst-episode schizophrenia: an MRI study. American
Journal of Psychiatry 163, 2103–2110.
Lieberman JA, Tollefson GD, Charles C, Zipursky R,
Sharma T, Kahn RS, Keefe RSE, Green AI, Gur RE,
McEvoy J, Perkins D, Hamer RM, Gu H, Tohen M;
HGDH Study Group (2005). Antipsychotic drug effects on
brain morphology in ﬁrst-episode psychosis. Archives of
General Psychiatry 62, 361–370.
Lyoo IK, Dager SR, Kim JE, Yoon SJ, Friedman SD,
Dunner DL, Renshaw PF (2010). Lithium-induced gray
matter volume increase as a neural correlate of treatment
response in bipolar disorder: a longitudinal brain imaging
study. Neuropsychopharmacology 35, 1743–1750.
Maćkowiak M, Dudys D, Chocyk A, Wedzony K (2009).
Repeated risperidone treatment increases the expression of
NCAM and PSA-NCAM protein in the rat medial
prefrontal cortex. European Neuropsychopharmacology 19,
125–137.
McClure RK, Carew K, Greeter S, Maushauer E, Steen G,
Weinberger DR (2008). Absence of regional brain volume
change in schizophrenia associated with short-term atypical
antipsychotic treatment. Schizophrenia Research 98, 29–39.
McCormick L, Decker L, Nopoulos P, Ho BC, Andreasen N
(2005). Effects of atypical and typical neuroleptics on
anterior cingulate volume in schizophrenia. Schizophrenia
Research 80, 73–84.
McGorry PD, Copolov DL, Singh BS (1990). Royal Park
Multidiagnostic Instrument for Psychosis: Part I. Rationale
and review. Schizophrenia Bulletin 16, 501–515.
Menezes NM, Arenovich T, Zipursky RB (2006). A
systematic review of longitudinal outcome studies
of ﬁrst-episode psychosis. Psychological Medicine 36,
1349–1362.
Meyer-Lindenberg A (2011). Neuroimaging and the question
of neurodegeneration in schizophrenia. Progress in
Neurobiology 95, 514–516.
Miller DD, Andreasen NC, O’Leary DS, Watkins GL,
Boles Ponto LL, Hichwa RD (2001). Comparison of the
effects of risperidone and haloperidol on regional cerebral
blood ﬂow in schizophrenia. Biological Psychiatry 49,
704–715.
Molina V, Reig S, Sanz J, Palomo T, Benito C, Sánchez J,
Sarramea F, Pascau J, Desco M (2005). Increase in gray
matter and decrease in white matter volumes in the cortex
during treatment with atypical neuroleptics in
schizophrenia. Schizophrenia Research 80, 61–71.
Mondelli V, Anacker C, Vernon AC, Cattaneo A, Natesan S,
Modo M, Dazzan P, Kapur S, Pariante CM (2013).
Haloperidol and olanzapine mediate metabolic
abnormalities through different molecular pathways.
Translational Psychiatry 3, e208.
Morgan KD, Dazzan P, Orr KG, Hutchinson G, Chitnis X,
Suckling J, Lythgoe D, Pollock S-J, Rossell S, Shapleske J,
Fearon P, Morgan C, David A, McGuire PK, Jones PB,
Leff J, Murray RM (2007). Grey matter abnormalities in
ﬁrst-episode schizophrenia and affective psychosis. British
Journal of Psychiatry. Supplement 51, s111–s116.

Downloaded from https://www.cambridge.org/core. IP address: 35.173.234.169, on 14 Jun 2021 at 18:51:38, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291714001652

Divergent effects of FGAs and SGAs on cortical thickness
Nakamura M, Salisbury DF, Hirayasu Y, Bouix S, Pohl KM,
Yoshida T, Koo M-S, Shenton ME, McCarley RW (2007).
Neocortical gray matter volume in ﬁrst-episode
schizophrenia and ﬁrst-episode affective psychosis: a
cross-sectional and longitudinal MRI study. Biological
Psychiatry 62, 773–783.
Nelson HE, O’Connell A (1978). Dementia: the estimation of
premorbid intelligence levels using the new adult reading
test. Cortex 14, 234–244.
Noh JS, Kang HJ, Kim EY, Sohn S, Chung YK, Kim SU,
Gwag BJ (2000). Haloperidol-induced neuronal apoptosis:
role of p38 and c-Jun-NH(2)-terminal protein kinase. Journal
of Neurochemistry 75, 2327–2334.
Pardo BM, Garolera M, Ariza M, Pareto D, Salamero M,
Valles V, Delgado L, Alberni J (2011). Improvement of
cognitive ﬂexibility and cingulate blood ﬂow correlates
after atypical antipsychotic treatment in drug-naive patients
with ﬁrst-episode schizophrenia. Psychiatry Research 194,
205–211.
Rienke A, Martins MR, Lima MS, Moreira JC, Dal-Pizzol F,
Quevedo J (2004). Haloperidol and clozapine, but not
olanzapine, induces oxidative stress in rat brain.
Neuroscience Letters 372, 157–160.
Selemon LD, Rajkowska G, Goldman-Rakic PS (1998).
Elevated neuronal density in prefrontal area 46 in brains
from schizophrenic patients: application of a
three-dimensional, stereologic counting method. Journal of
Comparative Neurology 392, 402–412.
Spitzer RL, Williams JB, Gibbon M, First MB (1992).
The Structured Clinical Interview for DSM-III-R (SCID).
I: History, rationale, and description. Archives of General
Psychiatry 49, 624–629.
Takahashi T, Wood SJ, Soulsby B, Kawasaki Y,
McGorry PD, Suzuki M, Velakoulis D, Pantelis C (2009a).
An MRI study of the superior temporal subregions in
ﬁrst-episode patients with various psychotic disorders.
Schizophrenia Research 113, 158–166.
Takahashi T, Wood SJ, Soulsby B, Tanino R, Wong MT,
McGorry PD, Suzuki M, Velakoulis D, Pantelis C (2009b).
Diagnostic speciﬁcity of the insular cortex abnormalities
in ﬁrst-episode psychotic disorders. Progress in
Neuro-psychopharmacology and Biological Psychiatry 33,
651–657.
Tan Q-R, Wang X-Z, Wang C-Y, Liu X-J, Chen Y-C,
Wang H-H, Zhang R-G, Zhen X-C, Tong Y, Zhang Z-J
(2007). Differential effects of classical and atypical
antipsychotic drugs on rotenone-induced neurotoxicity in
PC12 cells. European Neuropsychopharmacology 17, 768–773.
Thompson PM, Bartzokis G, Hayashi KM, Klunder AD,
Lu PH, Edwards N, Hong MS, Yu M, Geaga JA, Toga AW,
Charles C, Perkins DO, McEvoy J, Hamer RM, Tohen M,
Tollefson GD, Lieberman JA; the HGDH Study Group
(2009). Time-lapse mapping of cortical changes in
schizophrenia with different treatments. Cerebral Cortex 19,
1107–1123.

527

van Haren NE, Schnack HG, Cahn W, van den Heuvel MP,
Lepage C, Collins L, Evans AC, Hulshoff Pol HE,
Kahn RS (2011). Changes in cortical thickness during the
course of illness in schizophrenia. Archives of General
Psychiatry 68, 871–880.
Velakoulis D, Pantelis C, McGorry PD, Dudgeon P,
Brewer W, Cook M, Desmond P, Bridle N, Tierney P,
Murrie V, Singh B, Copolov D (1999). Hippocampal
volume in ﬁrst-episode psychoses and chronic
schizophrenia: a high-resolution magnetic resonance
imaging study. Archives of General Psychiatry 56, 133–141.
Velakoulis D, Wood SJ, Wong MTH, McGorry PD, Yung A,
Phillips L, Smith D, Brewer W, Profﬁtt T, Desmond P,
Pantelis C (2006). Hippocampal and amygdala volumes
according to psychosis stage and diagnosis: a magnetic
resonance imaging study of chronic schizophrenia,
ﬁrst-episode psychosis, and ultra-high-risk individuals.
Archives of General Psychiatry 63, 139–149.
Vernon AC, Crum WR, Lerch JP, Chege W, Natesan S,
Modo M, Cooper JD, Williams SC, Kapur S (2014).
Reduced cortical volume and elevated astrocyte density in
rats chronically treated with antipsychotic drugs – linking
magnetic resonance imaging ﬁndings to cellular pathology.
Biological Psychiatry 75, 982–990.
Vernon AC, Natesan S, Modo M, Kapur S (2011). Effect of
chronic antipsychotic treatment on brain structure: a serial
magnetic resonance imaging study with ex vivo and
postmortem conﬁrmation. Biological Psychiatry 69, 936–944.
Walterfang M, Wood AG, Reutens DC, Wood SJ, Chen J,
Velakoulis D, McGorry PD, Pantelis C (2009). Corpus
callosum size and shape in ﬁrst-episode affective and
schizophrenia-spectrum psychosis. Psychiatry Research 173,
77–82.
Weinberger DR, McClure RK (2002). Neurotoxicity,
neuroplasticity, and magnetic resonance imaging
morphometry: what is happening in the schizophrenic
brain? Archives of General Psychiatry 59, 553–558.
Wiegand LC, Warﬁeld SK, Levitt JJ, Hirayasu Y,
Salisbury DF, Heckers S, Dickey CC, Kikinis R,
Jolesz FA, McCarley RW, Shenton ME (2004).
Prefrontal cortical thickness in ﬁrst-episode psychosis:
a magnetic resonance imaging study. Biological Psychiatry
55, 131–140.
Wood SJ, Berger GE, Lambert M, Conus P, Velakoulis D,
Stuart GW, Desmond P, McGorry PD, Pantelis C (2006).
Prediction of functional outcome 18 months after a ﬁrst
psychotic episode: a proton magnetic resonance
spectroscopy study. Archives of General Psychiatry 63,
969–976.
Woods SW (2003). Chlorpromazine equivalent doses for the
newer atypical antipsychotics. Journal of Clinical Psychiatry
64, 663–667.
Zipursky RB, Reilly TJ, Murray RM (2013). The myth of
schizophrenia as a progressive brain disease. Schizophrenia
Bulletin 39, 1363–1372.

Downloaded from https://www.cambridge.org/core. IP address: 35.173.234.169, on 14 Jun 2021 at 18:51:38, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291714001652

