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Objective: The dorsolateral prefrontal
cortex and the anterior cingulate cortex are
critical components of the brain circuitry
underlying executive control. The objective
of this study was to investigate control-re-
lated dorsolateral prefrontal cortex func-
tioning and conflict-related anterior cingu-
late cortex functioning in a group of never
medicated first-episode schizophrenia pa-
tients to determine whether both regions
show dysfunction at illness onset. A second
objective was to assess short-term effects of
atypical antipsychotic medication on dor-
solateral prefrontal cortex and anterior cin-
gulate cortex functioning.

Method: First-episode schizophrenia pa-
tients (N=23) and healthy comparison
subjects (N=24) underwent event-related
fMRI and performed a cognitive task de-
signed to functionally dissociate the two
regions. Four weeks after initiation of
pharmacotherapy for patients, a subset of

11 patients and 16 comparison subjects
underwent a repeat assessment.

Results: At baseline, patients exhibited
hypoactivation in the dorsolateral prefron-
tal cortex and anterior cingulate cortex. Af-
ter 4 weeks of antipsychotic treatment, the
patients demonstrated improved function-
ing in the anterior cingulate cortex but not
in the dorsolateral prefrontal cortex.

Conclusions: These findings confirm the
presence of dorsolateral prefrontal cortex
dysfunction early in the course of schizo-
phrenia and suggest that anterior cingu-
late cortex functioning may be altered at
illness onset as well. Results also suggest
that anterior cingulate cortex functioning
may be especially sensitive to remedial
antipsychotic treatment effects. These
findings are consistent with an emerging
literature documenting short-term bene-
fits of atypical antipsychotic medication
for the neural circuitry underlying cogni-
tive deficits in schizophrenia.

(Am J Psychiatry 2005; 162:2322-2329)

Deficits in the executive control of cognition have
long been a major research focus in schizophrenia. Func-
tional neuroimaging studies have documented relation-
ships between impairments in executive control and ab-
normal cortical activation in several regions of the
prefrontal cortex. An extensive literature has linked im-
pairments in strategic processes, such as representing and
maintaining goals and allocating attentional resources, to
dysfunction of the dorsolateral prefrontal cortex (1-9). A
second frontal area reported to show altered activation in
schizophrenia is the anterior cingulate cortex (10-13) on
the medial surface of the frontal lobes. This region is pos-
ited to have a critical role in evaluative functions such as
self-monitoring of performance (14). Although much has
been learned about relationships between these compo-
nents of executive control and their neural underpinnings,
many questions remain concerning their respective roles
in the etiology and course of schizophrenia. The present
study examined dorsolateral prefrontal cortex and ante-
rior cingulate cortex activity in never-medicated first-epi-
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sode schizophrenia patients. We used a novel task de-
signed to functionally dissociate the two regions and
sought whether dysfunction of either or both of these re-
gions would be observable at illness onset.

The failure of patients to activate the dorsolateral pre-
frontal cortex is among the most consistent findings in
schizophrenia (1, 2, 5-7, 9). Functional magnetic reso-
nance imaging (fMRI) studies of first-episode patients
have shown dorsolateral prefrontal cortex hypoactivation
(2-4), although hyperactivation has also been reported (8).
The executive control function of interest in the present
study was context processing (i.e., the ability to use con-
text information to guide task-appropriate behavior),
which robustly activates the dorsolateral prefrontal cortex
in healthy subjects (2, 5, 15). Specific context-processing
deficits have been reported in schizophrenia patients over
arange of clinical states (16, 17), as well as in their healthy
first-degree relatives (18). These deficits are associated
with disorganization symptoms of the illness (4, 7, 17, 19)
and are accompanied by reduced dorsolateral prefrontal
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cortex activity (2, 4, 5). We therefore predicted hypoactiva-
tion in the dorsolateral prefrontal cortex would be associ-
ated with context-processing deficits in this medication-
naive, first-episode schizophrenia patient group.

With regard to functional alterations in the anterior cin-
gulate cortex, neuroimaging studies in healthy partici-
pants have suggested that the anterior cingulate cortex is
responsive to the occurrence of cognitive conflict and sig-
nals the need for recruitment of control processes to re-
solve conflict (14, 20). Schizophrenia patients show re-
duced error-related anterior cingulate cortex activity and
less of a performance adjustment after error commission
(11) or associated with response conflict (20), suggesting
that an internal monitoring function of the anterior cingu-
late cortex is impaired in schizophrenia. To our knowl-
edge, anterior cingulate cortex functioning in first-epi-
sode patients has not been reported, so it is unknown
whether conflict-related anterior cingulate cortex dys-
function is present before possible effects of medication
or illness chronicity arise.

Addressing the question of antipsychotic medication ef-
fects on dorsolateral prefrontal cortex and anterior cingu-
late cortex activity was another goal of the current study.
Few neuroimaging studies have directly examined changes
in functional activation due to treatment. In a recent PET
study, Lahti et al. (21) found that clozapine, but not halo-
peridol, normalized the reduced anterior cingulate cortex
activation pattern observed after medication withdrawal.
Honey et al. (22) reported increased activation in the right
dorsolateral prefrontal cortex and supplementary motor
area/cingulate gyrus in chronic patients after substitution
of risperidone for typical antipsychotics. Reviews of sec-
ond-generation atypical antipsychotics agree that they
may offer modest benefits for impaired cognition in
schizophrenia (23, 24). If so, one would expect to observe
corresponding changes between on- and off-medication
states in functional brain activation. We tested this hypoth-
esis in the current study, directly comparing dorsolateral
prefrontal cortex and anterior cingulate cortex activation
during the unmedicated state to that after 4 weeks of stabi-
lization with second-generation antipsychotic medication.

Method

Participants

Participants at baseline were 23 medication-naive patients
with first-episode schizophrenia and 24 healthy comparison sub-
jects. Of these participants, a subset of 11 patients and 16 com-
parison subjects were scanned again after 4 weeks. All patients
were part of a larger study of first-episode psychosis and were re-
cruited if they were experiencing any type of psychotic symptom
and it was their first psychiatric hospitalization or contact with
outpatient psychiatric services. After baseline assessments, pa-
tients were treated naturalistically by their treating psychiatrists
and followed longitudinally. Diagnostic confirmation occurred 6
months after index hospitalization through case conferences
based on chart review and assessment with the Structured Clini-
cal Interview for DSM-IV (SCID). Two of the patients had limited
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TABLE 1. Demographic and Clinical Characteristics of Med-
ication-Naive, First-Episode Schizophrenia Patients and
Healthy Comparison Subjects

Schizophrenia Healthy
Patients Subjects
Characteristic (Baseline N=23) (Baseline N=24)
N % N %
Male 16 70 13 54
Right-handed 19 83 22 92
Mean SD Mean SD
Age (years) 23.0 5.9 234 4.9
Parental education (years) 15.2 2.1 14.3 2.2
Education (years) 12.9* 3.1 15.5 2.4
Symptom severity
at baseline?
Reality distortion 19.6 5.8
Poverty 18.5 5.5
Disorganization 10.7 3.2
Symptom severity
at 4 weeks (N=11)2
Reality distortion 10.5 5.5
Poverty 15.8 5.7
Disorganization 8.7 4.0
Dose/Dose
Range
N (mg/day)
Antipsychotic medication
at 4 weeks
Risperidone 7 1-4
Olanzapine 3 5-10
Quetiapine 1 300
Mean SD

Length of medication
treatment (days) 31 20.4

a Ratings from the Brief Psychiatric Rating Scale, the Scale for the As-
sessment of Positive Symptoms, and the Scale for the Assessment
of Negative Symptoms were used to calculate symptom severity
along the three major factors according to Barch et al. (17).

*p<0.05.

previous exposure to neuroleptics before baseline, but exclusion
criteria were enforced by limiting total lifetime continuous treat-
ment to 2 weeks or less with no more than three doses of oral neu-
roleptics during the month preceding study entry. Four patients
had previous exposure to antidepressants, and two had been ex-
posed to anxiolytics. All psychotropic medications were washed
out at least 72 hours before the baseline scan. After baseline, five
patients dropped out of the study, two were excluded from follow-
up analysis because of poor medication compliance, and one was
excluded because of poor comprehension of the task during the
second scan.

Healthy comparison participants, recruited through commu-
nity advertisements, were evaluated with the nonpatient version
of the SCID and were excluded for any lifetime history of an axis I
disorder or family history of psychotic disorders. Exclusion crite-
ria for both patients and comparison subjects were the following:
1) age older than 50 or younger than 12, 2) DSM-IV mental retar-
dation, 3) substance dependence within the past 6 months or
substance abuse within the past month, or 4) lifetime history of
significant neurologic disorder or head trauma or current medical
condition that could influence CNS function or structure. See Ta-
ble 1 for summary of demographic and clinical variables.

All participants provided written informed consent after the
procedures had been fully explained. Additional safeguards to
ensure that informed consent for patients was properly obtained
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TABLE 2. Response Times and Error Proportions of First-Episode Schizophrenia Patients and Healthy Comparison Subjects
on a Cognitive Task (Preparing to Overcome Prepotency?) at Baseline and After 4 Weeks

Baseline

4 Weeks

Green Square Cue
(Ipsilateral Trials)

Red Square Cue
(Contralateral Trials)

Green Square Cue
(Ipsilateral Trials)

Red Square Cue
(Contralateral Trials)

Measure Mean SD Mean SD Mean SD Mean SD
Healthy comparison subjects
Error proportion 0.03 0.03 0.11 0.03 0.03 0.17 0.12
Response time (msec) 572.3 185.3 622.3 193.5 510.1 134.2 5229 151.5
Schizophrenia patients
Error proportion 0.06 0.07 0.14 0.03 0.02 0.12 0.07
Response time (msec) 727.6 191.5 786.3 184.5 648.8 174.4 720.5 172.0

a Subjects were instructed to press a button following presentation of a right- or left-pointing arrow, using their right or left hand depending
on the preceding cue. A green square cue meant the subject was to respond with the hand that corresponded with the direction of the arrow
probe (i.e., button press with right hand for right-pointing arrow). A red square cue required the subject to use the opposite hand (i.e., button
press with left hand for right-pointing arrow). In 70% of the trials, a green square cue was presented.

included having them repeat back information about research
participation to check comprehension and screening out pa-
tients who were floridly psychotic or exhibited obvious cognitive
impairment.

Cognitive Task

Participants viewed a centrally presented red or green square at
the beginning of each trial. An arrow probe appeared 7 seconds
later in the same location pointing either to the left or to the right.
The green square cue required subjects to respond to the probe
with a button press using the ipsilateral hand (i.e., the hand on
the same side toward which the arrow was pointing), whereas the
red square cue required a response with the contralateral hand, a
reversal of the usual stimulus-response mapping. This task, Pre-
paring to Overcome Prepotency, exploits the Simon spatial in-
compatibility effect (25) in which an imperative stimulus appear-
ing opposite to the response side results in slower response times
than when stimulus and response appear on the same side. The
Simon effect was augmented by an expectancy manipulation,
such that same-sided responding was more frequent (green
square cues were presented in 70% of the trials). During the pe-
riod after a red square cue and before the arrow probe, subjects
had to recall and maintain the instructions associated with the
cue in order to successfully overcome the prepotent response ten-
dency and respond with the contralateral hand. In this period we
predicted a greater activation of the dorsolateral prefrontal cortex
with red square cues relative to green square cues. At the time of
response to the arrow probe, it was predicted that the conflict in-
herent in overriding the more automatic response would engage
the anterior cingulate cortex.

The Preparing to Overcome Prepotency task was presented in
five blocks of 24 trials. Stimulus durations were 500 msec, with a 7-
second interval between cue and probe and an 11.5-second inter-
val following the probe to allow for resolution of the hemodynamic
response. Subjects practiced the task before being scanned and
were instructed to respond as quickly and accurately as possible.

Neuroimaging Methods

Acquisition. Functional scans were acquired using a 3-T GE Si-
gna whole body scanner with a standard head coil. Twenty-eight
contiguous axial slices (thickness=3.2 mm) with 3.125 mm? in-
plane resolution were obtained beginning 12.8 mm below the
anterior commissure-posterior commissure line. Scans used a
single-shot T»*-weighted spiral scanning pulse sequence (TR=
1500 msec, TE=18 msec, flip angle=70°, field of view=20 cm), al-
lowing full image acquisition every 1.5 seconds. Thirteen scans
were acquired during each 19.5-second trial. Structural images
were obtained before and in the same plane as functional images
by using a standard T;-weighted pulse sequence. High-resolu-
tion anatomical images were collected before functional images.

2324 http://ajp.psychiatryonline.org

Preprocessing. Functional images were reconstructed and move-
ment was corrected by using Automated Image Registration (26).
A maximum movement criterion of 6 mm or degrees in any direc-
tion was applied, which resulted in two comparison subjects and
two patients being excluded because of excessive movement. Fol-
lowing these exclusions there were no differences between groups
in average movement in any direction (pitch, roll, yaw rotations, or
X, ¥, z plane shift for absolute and incremental movement; base-
line: Wilks’s lambda=0.66 [F=1.27, df=12, 30, p>0.28]; 4 weeks:
Wilks’s lambda=0.53 [F=0.97, df=12, 14, p>0.50]). A six-parameter
rigid-body algorithm (26) was used to register each participant’s
structural T;-weighted image to their own high-resolution spoiled
gradient-recall acquisition (SPGR) image. A 30-parameter nonlin-
ear warping algorithm (27) was used to align each participant’s
SPGR image to the Montreal Neurological Institute (MNI) single-
subject high-resolution anatomical reference brain (28). Both sets
of parameter estimates were applied to the functional T»*-weighted
images to bring all participant data into alignment with the MNI
reference brain. The data were then smoothed in three dimen-
sions using an 8-mm full width at half maximum kernel to accom-
modate individual differences in brain morphology.

Statistical Analysis

Given the a priori hypotheses involving the dorsolateral pre-
frontal cortex and anterior cingulate cortex, we first conducted
confirmatory analyses using previously identified functional re-
gions of interest that showed control-related activation within the
dorsolateral prefrontal cortex (Brodmann’s area 9, Talairach coor-
dinates: x=—41, y=18, z=28; 37 voxels [15]) and conflict-related ac-
tivation within the anterior cingulate cortex (Brodmann'’s area 32,
Talairach coordinates: x=0, y=15, z=41; 23 voxels [29]). These re-
gions were brought into the common MNI reference space by us-
ing the same aforementioned transformation algorithms. Time
series for each region of interest were then generated for each
subject, and average change in activation from baseline for the
cue period (scans 1-5) and the probe period (scans 6-13) were ex-
amined separately. Following the confirmatory analyses, explor-
atory analyses of the entire image were performed by using voxel-
wise analyses of variance (ANOVAs) with subject as a random fac-
tor, group as a between-subject factor (comparison subjects ver-
sus schizophrenia patients), and cue (green versus red) and scan
(1-5 [cue period] versus 6-13 [probe period]) as within-subject
factors. fMRI data were analyzed for correct trials only, ensuring
analysis of on-task performance. Voxel-wise statistical maps were
thresholded for significance at p<0.005 (uncorrected) using an 8-
voxel contiguity criterion (30). Correlations between individual
differences in brain activity, symptoms, and task performance
were also examined.
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FIGURE 1. Dorsolateral Prefrontal Cortex and Anterior Cingulate Cortex Activity During Performance of a Cognitive Task in
Medication-Naive, First-Episode Schizophrenia Patients and Healthy Comparison Subjects?
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a Cue period time series shows control-modulated activation in the dorsolateral prefrontal cortex (in which greater activation would be ex-
pected during preparation to overcome a prepotent response). Probe period time series shows conflict-modulated activation in the anterior
cingulate cortex (in which greater activation would be expected with the conflict inherent in overcoming the prepotent response).

Results

Task Performance

Table 2 shows basic performance data on the Preparing
to Overcome Prepotency task. In a series of repeated-mea-
sures ANOVAs (two performance measures and two time
points), main effects of condition were observed (all F>5.25,
all p<0.03), indicating slower response times and higher er-
ror rates across groups on red cue (contralateral) trials com-
pared with green cue (ipsilateral) trials. For response times
at both time points, main effects of group were also ob-
served (F>4.70, p<0.04), reflecting slower overall response
times in patients. None of the ANOVAs revealed significant
group-by-condition interactions (F<2.0, p>0.18).

Am | Psychiatry 162:12, December 2005

Functional Neuroimaging at Baseline

Dorsolateral prefrontal cortex. Figure 1 illustrates the
time series for dorsolateral prefrontal cortex activity fol-
lowing the cue presentation in the Preparing to Overcome
Prepotency task. ANOVA revealed a significant main effect
of scan (F=4.04, df=4, 180, p<0.005), a significant group-
by-condition interaction (F=8.68, df=1, 45, p<0.01), and a
significant group-by-condition-by-scan interaction (F=
3.75, df=4, 180, p<0.01). These results reflect increasing ac-
tivity within the dorsolateral prefrontal cortex in healthy
subjects following the red square cue, which signaled the
need to overcome the prepotent response to the upcom-
ing probe. In schizophrenia patients, no increased dorso-
lateral prefrontal cortex activity was observed following ei-
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FIGURE 2. Performance on the Preparing to Overcome Prepotency Task at Four Weeks in Medication-Naive, First-Episode
Schizophrenia Patients and Healthy Comparison Subjects, With Direct Change From Baseline to Four Weeks in Patients?
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a Baseline time series are presented only from the subset of N=11 patients with 4-week scans.

ther cue. Within-group analyses confirmed a significant
cue-by-scan interaction (F=3.88, df=4, 92, p<0.01) for
comparison subjects but not for patients (F=1.41, df=4, 88,
p>0.23).

Anterior cingulate cortex. Figure 1 also shows the time
series for anterior cingulate cortex activity following the
arrow probe. ANOVA revealed main effects of condition
(F=10.01, df=1, 45, p<0.005) and scan (F=37.91, df=7, 315,
p<0.001), with a significant condition-by-scan interaction
(F=2.71, df=7, 315, p<0.05) and a significant group-by-con-
dition-by-scan interaction (F=2.10, df=7, 315, p<0.05),
suggesting that conflict-related modulation of anterior
cingulate cortex activity was reduced in patients relative to
comparison subjects. Within-group ANOVAs indicated
that the condition-by-scan interaction term was signifi-
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cant for healthy subjects (F=2.76, df=7, 161, p<0.01) but
not for patients (F=1.95, df=7, 154, p<0.07).

Functional Neuroimaging at 4 Weeks

Dorsolateral prefrontal cortex. Figure 2 displays the
time series for dorsolateral prefrontal cortex activity follow-
ing the cue presentation for both groups after 4 weeks dur-
ing which the patients had been receiving atypical antipsy-
chotic medication. Between-group ANOVAs revealed a
significant main effect of scan (F=6.89, df=4, 100, p<0.001)
and a condition-by-scan interaction (F=3.37, df=1, 100,
p<0.05). The group-by-condition-by-scan interaction ob-
served at baseline was no longer significant at 4 weeks (F=
0.67, df=4, 100, p>0.60), indicating no group difference in
the extent to which dorsolateral prefrontal cortex activation
was modulated by degree of cognitive control required.
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Anterior cingulate cortex. Figure 2 also illustrates ante-
rior cingulate cortex activity during the probe period.
ANOVA resulted in main effects of condition (F=5.96, df=1,
25, p<0.05) and scan (F=25.72, df=7, 175, p<0.001), with a sig-
nificant condition-by-scan interaction (F=4.19, df=7, 175,
p<0.001) indicating that both groups showed similar con-
flict-related modulation of anterior cingulate cortex activity.

Effect of Medication

In order to more directly examine the effect of medica-
tion on dorsolateral prefrontal cortex and anterior cingu-
late cortex functioning, time-series data were analyzed
only for the subset of patients who returned for follow-up
testing (N=11). Baseline dorsolateral prefrontal cortex and
anterior cingulate cortex activity for these patients is
shown in the first panel in Figure 2. For dorsolateral pre-
frontal cortex activity, a two-by-two-by-five within-group
ANOVA, with run (baseline versus 4-week), condition (red
versus green square cue) and scan number (1 through 5)
as within-subject factors resulted in no significant main
effects or interactions (all p>0.25).

For anterior cingulate cortex activity, within-group
ANOVAs revealed main effects of run (F=5.36, df=1, 10,
p<0.05) and scan (F=13.26, df=7, 70, p<0.001), with a sig-
nificant run-by-condition interaction (F=5.29, df=1, 10,
p<0.05) and a significant run-by-condition-by-scan inter-
action (F=2.53, df=7, 70, p<0.05). The latter result reflects a
greater anterior cingulate cortex response to trials with red
square cues than green square cues at 4 weeks compared
with baseline.

Exploratory Analysis

A within-group exploratory analysis across the entire im-
age of the baseline data showed a network of control-re-
lated activation (red square cue > green square cue) in both
groups during the cue period in lateral frontal regions (left
Brodmann’s area 10), medial frontal regions (Brodmann’s
area 8, rostral Brodmann’s area 32, and Brodmann’s area
24/23), and parietal regions (Brodmann’s area 40; right in
healthy subjects, left in patients). During the arrow probe
period, both groups activated medial frontal regions (right
Brodmann’s area 9/10) and right primary motor and supe-
rior parietal regions (left Brodmann’s area 7/40). Healthy
comparison subjects activated the caudal anterior cingu-
late cortex (Brodmann’s area 32). A between-group analysis
was consistent with the confirmatory analysis for cue ac-
tivity, with comparison subjects showing significantly
greater left dorsolateral prefrontal cortex activity regions
(Brodmann’s area 8 and Brodmann’s area 9) than patients.
Bilateral superior parietal regions (Brodmann'’s area 7 and
Brodmann’s area 40/7) and right inferior parietal regions
(Brodmann'’s area 7) showed a similar pattern. Although
patients failed to show significant anterior cingulate cortex
activity during the probe, no significant between-group
differences were observed in this region. Patients did show
reduced activation in the left inferior frontal gyrus (Brod-

Am | Psychiatry 162:12, December 2005

SNITZ, MACDONALD, COHEN, ET AL.

mann’s area 44), supplementary motor area (Brodmann’s
area 6), right postcentral gyrus (Brodmann’s area 3), and
left superior parietal cortex (Brodmann’s area 7).

Correlations Between Brain Activation,
Symptoms, and Task Performance

Correlations between maximum dorsolateral prefrontal
cortex and anterior cingulate cortex activation during red
square trials and symptoms were examined in patients. At
baseline, patients with greater disorganization symptoms
had lower dorsolateral prefrontal cortex activation (r=—0.58,
p<0.01), whereas the correlations with the other two symp-
tom dimensions were not significant (reality distortion: r=
0.16; poverty symptoms: r=-0.27). Conflict-related activa-
tion in the anterior cingulate cortex during the probe pe-
riod was associated with both disorganization symptoms
(r=-0.54, p<0.05) and poverty symptoms (r=-0.50, p<0.05)
but not with reality distortion (r=0.20). At 4 weeks, no sig-
nificant correlations were found between activation and
symptoms. Furthermore, there were no significant correla-
tions between change in symptom ratings and change in
maximum dorsolateral prefrontal cortex or anterior cingu-
late cortex activation from baseline to 4 weeks.

Correlations in comparison subjects at baseline between
response time interference and maximum fMRI signal for
red square trials were consistent with those reported in
MacDonald et al. (15), who used a similar task design (cue-
period dorsolateral prefrontal cortex activity: r=-0.35,
p<0.05, one-tailed; probe-period anterior cingulate cortex
activity: r=0.33, p=0.06, one-tailed). In patients at baseline,
neither of these correlations was significant nor were they
significant at 4 weeks in either subject group.

Discussion

We used a novel task designed to probe independent
functioning of the dorsolateral prefrontal cortex and ante-
rior cingulate cortex in medication-naive, first-episode
schizophrenia patients. Healthy subjects showed in-
creased activity in the left dorsolateral prefrontal cortex
following a cue that signaled the upcoming need to over-
come a prepotent response, whereas patients failed to
activate this region. These results indicate dorsolateral
prefrontal cortex dysfunction early in the course of schizo-
phrenia, before the initiation of medication, consistent
with previous reports (1-4, 6). Moreover, patients rated as
having severe disorganization symptoms tended to have
lower dorsolateral prefrontal cortex activation, consistent
with earlier work showing similar associations between
disorganization symptoms and both hypofrontality (4, 7)
and impaired context processing (17, 19).

We also observed a decrease in anterior cingulate cortex
activation in patients relative to comparison subjects, an
initial finding indicating, as with the dorsolateral prefron-
tal cortex, functional impairment at illness onset before
long-term exposure to neuroleptic medication. This group
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difference was not detected, however, in the exploratory
analysis for conflict-related activity in this region, suggest-
ing the effect may not be as large as that observed in the
dorsolateral prefrontal cortex (which did show parallel re-
sults in both the confirmatory and exploratory analyses).
At baseline, decreased anterior cingulate cortex peak acti-
vation was associated with greater symptom expression,
specifically with poverty and disorganization symptoms.
The latter association is consistent with previous findings
that anterior cingulate cortex functional abnormalities are
associated with disorganization symptoms (31, 32). To
what degree observed associations between disorganiza-
tion symptoms and dorsolateral prefrontal cortex and an-
terior cingulate cortex dysfunction share common vari-
ance is unknown but may have implications for the role of
impaired cognitive control at the systems level in behav-
ioral and conceptual disorganization in schizophrenia.

Effects of Antipsychotic Medication

A subset of patients and healthy participants under-
went repeat fMRI after the patients had received 4 weeks
of atypical antipsychotic treatment. There was no signifi-
cant improvement in dorsolateral prefrontal cortex func-
tion over this interval. In comparison, Honey et al. (22) in-
dicated increased right prefrontal activation during a
working memory task with substitution of risperidone for
typical antipsychotic medications. However, the average
time that patients were treated before the repeat scan (6
weeks) was longer than in the present study (31 days). We
are currently conducting a further study with an 8-week
stabilization period to ensure that medication effects on
cognition and brain functioning, if present, have suffi-
cient time to emerge.

We did observe a significant medication effect on ante-
rior cingulate cortex functioning during the response pe-
riod of the task. These results are consistent with those of
Honey et al. (22) and Lahti et al. (21), who both reported
greater supplementary motor area/cingulate (Brodmann’s
area 6/32) activity with atypical relative to typical antipsy-
chotics. Thus, the present findings contribute to an
emerging literature whereby anterior cingulate cortex
functioning appears to be among the most consistently
sensitive to treatment effects. The mechanism by which
short-term atypical antipsychotic regimens enhance task-
related anterior cingulate cortex functioning is unknown,
but a likely candidate is increased cortical dopamine
availability (33), since there is evidence for modulation of
impaired anterior cingulate cortex activation by experi-
mental dopaminergic manipulation in schizophrenia (34).

Limitations of the present study include a small number
of first-episode patients for the analysis of treatment ef-
fects, a relatively brief duration of treatment, and treat-
ment with different atypical antipsychotics with different
receptor binding profiles. Since the first two factors would
result in lower power to detect treatment effects and the
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latter in increased variability, our reported negative finding
with regard to a treatment effect on dorsolateral prefrontal
cortex functioning should be interpreted with some reser-
vation, whereas the treatment effect observed for anterior
cingulate cortex functioning can be interpreted with more
confidence. Another general limitation was the lack of
clear behavioral effect in the scanner that would reflect a
context-processing deficit (although some would consider
this an advantage, since performance was not different
across groups). In contrast, we found that data from the AX
version of the Continuous Performance Test in these same
participants at baseline indicated a specific context-pro-
cessing deficit: patients had greater BX errors than healthy
subjects (a high context-processing demand condition)
but a similar number of AY errors (a task-difficulty control
condition; see Barch et al. [17] for task details). We infer
from these divergent behavioral results that the Preparing
to Overcome Prepotency task is less sensitive to group dif-
ferences in context processing than the AX version of the
Continuous Performance Test possibly because of the long
interval between cue and probe used in the scanner. This
long delay might have enabled subjects to use a different
strategy to maintain a level of performance comparable to
that of healthy subjects, such as encoding and rehearsing
the cue as an item independent of context, and then re-
trieving the appropriate stimulus-response mapping at the
onset of the probe.

In conclusion, the current study found evidence for hy-
poactivation of both the dorsolateral prefrontal cortex and
anterior cingulate cortex at illness onset. Impairments in
frontal lobe functions were associated with core clinical
features of schizophrenia before the initiation of antipsy-
chotic medication. Short-term medication effects on con-
flict-related anterior cingulate cortex activation were ob-
served, whereas medication effects on control-related
dorsolateral prefrontal cortex activation were not signifi-
cant. These findings contribute to an emerging picture in
the literature of the demonstrated short-term benefit of
atypical antipsychotics to the brain circuitry that under-
lies impaired cognition in schizophrenia.
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