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Abstract
Background: Little is known about the effects of antipsychotic medications on gray matter (GM)
in schizophrenia. Although clozapine remains the most effective antipsychotic medication in
treatment-refractory cases, it is unknown whether it has a differential effect on GM development.

Methods: In an exploratory analysis, we used automated cortical thickness measurements and
prospectively scanned childhood-onset schizophrenia (COS) patients who were maintained on one
medication. Two atypical antipsychotic medications, clozapine (n=12, 37 scans) and olanzapine
(n=12, 33 scans) were compared with respect to effects on cortical development, in contrast to GM
trajectories of matched controls.

Results: There were no significant differences in the trajectories of cortical thickness between the
two treatment groups with the exception of a small circumscribed area in the right prefrontal cortex,
where the olanzapine group showed thicker cortex. As expected, both groups showed thinner GM
compared to matched controls.

Conclusions: Although these analyses do not rule out effects of antipsychotic medications on GM
development in schizophrenia, they show no differential effect between clozapine and olanzapine
on GM trajectory.

Introduction
Clozapine was the first atypical antipsychotic agent to be discovered and was the landmark in
schizophrenia treatment due to its efficacy in treatment-refractory cases (Kane et al., 1988a).
Despite the availability of many newer atypical agents with less detrimental side effect profiles,
clozapine remains the most effective medication for treatment resistant schizophrenia (Kane
et al., 1988b, Kane, 1992, McEvoy et al., 2006). Childhood-onset schizophrenia (COS), the
rare and severe pediatric form of the illness, is generally treatment-refractory. Thus, the
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majority of patients end up on clozapine (Gogtay and Rapoport, 2008). In the only head-to-
head double-blind comparison trial of two atypical antipsychotic medications in COS,
clozapine showed overall superiority to the atypical antipsychotic olanzapine (Shaw et al.,
2006). The mechanism for this result remains unclear.

Progressive gray matter (GM) abnormalities are an established feature of schizophrenia.
However, it remains unclear whether ongoing medication treatment influences cortical GM
loss (DeLisi et al., 2006, Gogtay, 2008). First episode studies in adults and medication-naïve
patients (Pantelis et al., 2003) with schizophrenia suggest that cortical abnormalities are likely
to either precede or coincide with onset of psychosis and thus are less likely to be induced by
medication (Hazlett et al., 2008). Studies in healthy first-degree relatives also suggest that GM
loss could be a familial/trait marker and thus unlikely caused by drug treatment (Gogtay et al.,
2007a, Goldman et al., 2009).

Some studies have suggested that exposure to typical antipsychotics is associated with
increased basal ganglia and thalamic volumes (Gur et al., 1998), while exposure to atypical
antipsychotics is associated with decreased basal ganglia volumes (Khorram et al., 2006,
Corson et al., 1999, Scherk and Falkai, 2006). However, the differential effect of both typical
and atypical antipsychotics on cortical GM volumes is unclear and findings are inconsistent.
An earlier small study in patients with acute psychosis (n=7) showed no GM volume changes
in relation to haloperidol treatment (Garver et al., 2005). In contrast, a study by Lieberman et
al. (n=164) found a reduction in frontal and total GM volumes among first-episode patients
taking haloperidol, which was not seen with olanzapine (Lieberman et al., 2005b). A follow-
up study by the same group using cortical mapping methods and more frequent scan intervals
(3 month; n = 36) showed that GM loss progressed in a parieto-frontal direction in haloperidol-
treated patients, which was not seen in olanzapine-treated patients (Thompson et al., 2009).
However, in both these studies the differential effects disappeared after one year.

A series of studies focusing on GM abnormalities in COS have shown widespread cortical loss
that evolves in a parieto-frontal direction during adolescence (Giedd et al., 1999, Jacobsen et
al., 1998, Rapoport et al., 1999, Thompson et al., 2001) merging into the adult pattern by early
adulthood (Greenstein et al., 2006). Findings from longitudinal MRI studies of adolescent-
onset psychosis also support the idea of progressive frontal GM changes (Reig et al., 2009,
Moreno et al., 2005) bolstering support for COS as a progressive neurodevelopmental disorder
with both early and late developmental aberrations (Arango et al., 2008). More recent studies
with larger sample sizes have suggested that the GM thickness may be positively correlated to
the overall functional outcome, thus raising the possibility that drug treatment could be
influencing GM development (Greenstein et al., 2008, van Haren et al., 2008). We decided to
explore whether the superiority of clozapine uniquely influenced GM trajectory in COS by
comparing it to olanzapine. We identified two COS samples where patients were consistently
treated with either clozapine or olanzapine for at least two prospective scans and matched them
for baseline clinical severity to minimize disease effects.

Methods
Subjects

COS patients were recruited nationwide and most were diagnosed after a thorough inpatient
observation that included a complete medication washout. Exclusionary criteria include history
of significant medical or neurological illness, substance abuse, or IQ below 70 prior to onset
of psychotic symptoms; details are described elsewhere (Kumra et al., 1996; McKenna et al.,
1994). All patients were followed longitudinally at two-year intervals and anatomic MRI scans
were obtained at each visit.
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For this study, COS subjects with at least two or more successive scans while on the same
medication (either clozapine (n= 12, 37 scans); or olanzapine (n= 12, 33 scans) were used.
Both groups were matched for age, clinical severity (BPRS, CGI-SI scores at baseline), and
IQ. Most subjects in the olanzapine group were originally part of a randomized double-blind
clozapine-olanzapine comparison trial and assigned to treatment with olanzapine. At the
conclusion of the trial, these patients showed improvement versus baseline and did not require
clozapine initiation. Additionally, scans from a group of healthy controls (n=44) matched for
age and sex were also used for comparative analysis. The Institutional Review Board of the
National Institute of Mental Health approved this study.

MRI acquisition and image analysis
T1-weighted images with contiguous 1.5-mm slices in the axial plane were obtained using a
3-dimensional spoiled gradient recalled echo sequence in the steady state. Imaging parameters
were echo time of 5 milliseconds, repetition time of 24 milliseconds, flip angle of 45°,
acquisition matrix of 256 × 192, number of excitations equaled 1, and a 24-cm field of view.
Head placement was standardized as previously described (Castellanos et al., 2001). Magnetic
resonance images were registered into standardized space using a linear transformation and
corrected for nonuniformity artifacts (Sled et al., 1998). Registered and corrected volumes were
segmented with an advanced neural net classifier (Zijdenbos et al., 2002) and GM and white
matter (WM) surfaces were fitted with a surface deformation algorithm, which first determines
the WM surface, then expands outward to find the GM–cerebrospinal fluid intersection (Kim
et al., 2005, MacDonald et al., 2000). Cortical thickness measurements, defined as the distance
between linked vertices of the GM and WM boundaries using a 30-mm surface-based blurring
kernel (which has been shown to maximize statistical power), have been previously validated
and were calculated in native space at 40,962 cortical points (Lerch and Evans, 2005).

Statistical Analysis
Demographic differences between groups were tested using t-tests for continuous variables,
and chi-square tests of independence for categorical variables. We performed a linear mixed
effects regression model at each of the 40,962 GM points per hemisphere. At each point, the
dependent variable was GM thickness. Fixed effects included group (clozapine and
olanzapine), age (centered at sample average age), and group*age (difference in cortical
thickness development between groups). We also included a random intercept per person to
account for within-subject dependence. Type I error was controlled per hemisphere using the
False Discovery Rate (FDR) procedure (Genovese et al., 2002) with q set at 0.05 (i.e. no more
than 5% are false positives). The model was run with sex as a covariate.

Results
Demographics and clinical data

Sample demographics for the medication groups are shown in Table 1. There were no
significant differences with respect to age, handedness, or duration of illness between patients
treated with clozapine and those treated with olanzapine at the initial scan (Table 1). When all
scans were included, the clozapine group had a significantly higher proportion of males versus
the olanzapine group (x2 = .002). As a result, sex was included as a covariate in the analyses.
There were no significant differences between the clozapine and olanzapine groups with
respect to BPRS, CGI_SI, and IQ. Sample demographics for the control group are listed in
Table 2.
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Cortex analysis
The trajectories for GM change in both groups were not significantly different over the entire
cortex (Figure 1). The overall cortical thickness (GM amount) was also not significantly
different between the clozapine and olanzapine treated groups in most brain regions. However,
COS subjects treated with clozapine had thinner GM compared to those treated with olanzapine
in one small region in the right prefrontal cortex (Figure 1). In this region, the deficit appeared
to be fixed with no differences in the shapes of GM trajectories. There was no shape difference
in trajectory between each treatment group and controls.

Discussion
We examined whether clozapine differentially alters cortical GM loss in COS compared to
olanzapine. We found no differences in GM trajectories between the clozapine and olanzapine
treated patients suggesting that these medications do not differentially influence GM in COS.
Similarly there were no significant differences in GM amount between the groups except for
a small region in the right medial prefrontal cortex where the olanzapine treated group showed
thicker cortex compared to the clozapine treated group. As expected, GM trajectories for both
clozapine and olanzapine treated subjects showed thinner mean GM cortical thickness (and
volume) compared to controls which is consistent with the GM loss seen in COS.

These results suggest that the superior outcome of clozapine is unlikely to be entirely mediated
by influencing the GM trajectory. These observations indirectly support those made by
Lieberman et al. (Lieberman et al., 2005a) where olanzapine-treated patients showed greater
GM volume compared to the haloperidol-treated group. Similarly, in the present study the
olanzapine group appeared to have qualitatively greater GM thickness in most areas, although
they reach statistical significance only in a small region in the medial prefrontal cortex.

Human studies exploring the question of medication influence on GM are inconsistent, with
some reporting no effect of antipsychotics on GM volumes (Ho et al., 2003, DeLisi et al.,
2004), while others showed GM expansion after treatment with either atypical or typical
antipsychotic drugs (Garver et al., 2005, Molina et al., 2005). There are fewer studies looking
at the influence of antipsychotics on longitudinal GM trajectories and none that include
clozapine. A study of 29 neuroleptic-naïve first-episode schizophrenia patients before and after
eighteen months of a variety of typical antipsychotic treatment did not demonstrate significant
changes in cortical volume (Chakos et al., 1994). Similarly, Keshavan et al. found no changes
in regional or total brain volume after twelve months of typical antipsychotic treatment
(Keshavan et al., 1994). Alternatively, two relatively small studies have shown GM reduction
with typical antipsychotic treatment when observed within a shorter time period on the
medication. Dazzan et al. reported that patients (n=32) receiving 8-9 weeks of treatment with
typical antipsychotics had diffuse GM reduction when compared with patients not receiving
medication (Dazzan et al., 2005). A recent double-comparison between haloperidol and
olanzapine found a significant decrease in total and frontal GM in the haloperidol group after
twelve weeks of treatment (Lieberman et al., 2005b). This was subsequently localized to the
parietal and frontal cortices by cortical density mapping measures (Thompson et al., 2009).
However, in the Lieberman study the differences disappeared after the first year, suggesting
no longer-term influence. This study is consistent with many longitudinal studies that suggest
prolonged exposure of atypical antipsychotics may not influence GM changes as well as some
evidence for olanzapine showing increased GM in the medial prefrontal cortex.

More recent animal studies also support these findings. A study in macaques showed a
significant reduction in postmortem brain weight and volume in olanzapine and haloperidol
treated monkeys compared to controls, but the experimental groups did not differ from each
other (Dorph-Petersen et al., 2005). Earlier studies from our group have also suggested a lack
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of differential effect of antipsychotic medication on GM changes in COS. Our initial study
comparing progressive cortical GM loss in COS and in children with atypical psychoses
(multidimensionally impaired, MDI) did not find a medication effect on GM change over a
two-year period (Gogtay et al., 2004). A follow-up study which involved dynamic mapping of
cortical development before and after onset of pediatric bipolar illness also showed no
medication influence (including mood stabilizers) on GM trajectories (Gogtay et al., 2007b).
However, in both studies the samples were medication-matched only at Time 1 and thus did
not specifically address longer-term medication effects on GM trajectory, which is addressed
in this study.

This study has several limitations. First, the sample size is small rendering limited power to
the analyses. Thus, the results should be interpreted with caution. Although these results
support the idea that there is no differential influence of clozapine and olanzapine on GM
trajectory, it is possible that they both still influence GM development. As most longitudinal
studies of COS have found decreases in GM over time, it is difficult to ascertain how much of
this effect is due to progression of illness, differential brain effects of drug treatment, or
interactions among these variables. Ideally, a comparative longitudinal sample of matched,
unmedicated COS patients would answer this question, but clearly such a sample is not
possible. COS subjects often had medication exposure prior to being started on either
olanzapine or clozapine, which may have influenced GM development prior to the first scan,
and particularly since the time period in which MRIs were obtained after initiation of clozapine
or olanzapine varied among subjects. Finally, dosage effects of either medication could not be
tested due to inadequate information during time between follow-up visits. Despite these
limitations, these results suggest that clozapine does not appear to differentially influence
longer-term GM trajectories in COS.
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Figure 1.
Left: Cortical thickness (GM) differences between clozapine and olanzapine treated patients.
The only significant difference in cortical thickness was seen in a small area in the right
prefrontal cortex in which olanzapine treated patients had thicker cortices compared to the
clozapine treated group. Right: Trajectories of mean cortical thickness between olanzapine and
clozapine treated patients. The treatment groups did not differ significantly in the trajectories
of cortical development (p=0.27).
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Table 2

Sample Demographics for Control Group

CONTROLS

Average Age # of
scans

Sex
(M,F)

Hand
(R,L,M)

Firal Scan 14.65 44 28,16 39,2,3

Last Scan 20.53 (STD 4.32)

ALL SCANS* 17.86 135 91,44 122,6,7

Clinical
Severity

Avg. CGI_SI NA

Avg. BPRS NA

Avg. IQ 129.96 (STD 107.44)

CGI_SI: Clinician's Global Impressions-Severity of Illness scale

BPRS: Brief Psychiatric Rating Scale

STD: Standard Deviation

IQ: Intelligence Quotient

*
“All Scans” includes first scans, last scans, and all scans in between
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