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eAppendix 1.  Methods 

1.1.  Participant Inclusion and Exclusion Criteria 

All participants were assessed using the Structured Clinical Interview for the DSM-IV-TR SCID-I/P; 1.  Clinical 
interviews were conducted by clinicians with masters or doctoral degrees trained to high reliability (kappa>0.80; 
range 0.80-1.0).  Schizophrenia participants were followed longitudinally and diagnoses were confirmed 12 months 
after ascertainment.  Clinical ratings were collected in the patient sample using the Scale for the Assessment of 
Negative Symptoms (SANS) 2, Scale for the Assessment of Positive Symptoms (SAPS) 3, and Brief Psychiatric 
Rating Scale (BPRS) 4.  Duration of illness was defined as the number of days between scan and first threshold 
psychotic symptom presentation, which was based on all available information (i.e., parent/subject report, medical 
records).  Exclusion criteria for both groups included: Wechsler Abbreviated Scale of Intelligence (WASI) IQ score 
below 70, alcohol or drug dependence or abuse within 3 months before testing, positive urine toxicology screen for 
illicit drugs at time of testing, prior head trauma worse than a Grade I concussion, or contraindication to MRI 
scanning.  HCs were excluded for the following additional criteria: any lifetime diagnosis of an Axis I or Axis II 
disorder or any first-degree relatives with a psychotic disorder. 

Of the present sample, 22 schizophrenia and 27 control participants were included in a previous fMRI study 5, but 
structural MRI and medication effects have never been examined in this unique sample.  In this previous 
publication, we examined participants who successfully completed both the AX-CPT and the Stroop task, and which 
included a subsample analysis comparing 15 unmedicated patients to the medicated sample.  In that study only a 
trend was identified for medicated versus unmedicated subjects in DLPFC activity during the AX-CPT (p=.12).  
Due to instances when the subject only had usable data for one task or an unusable structural scan, only 13 subjects 
from that unmedicated sample are overlapping with the present study.  Consequently, the inclusion of 9 additional 
unmedicated subjects provided additional power for the present study. 

1.2.  Additional Medication Data 

While Table 1 reports the antipsychotic medications the sample was prescribed at the time of the study, we report 
additional detail below.  Five medicated subjects were previously taking an antipsychotic different from the drug at 
the time of scan.  Drug transitions were as follows for these subjects: risperidone to aripiprazole, quetiapine to 
olanzapine, olanzapine to quetiapine, olanzapine to risperidone, and risperidone to olanzapine.  An additional 
medicated subject had undergone one-month trials of three atypical antipsychotics (quetiapine, risperidone, and 
aripiprazole) before settling on olanzapine for 4 months prior to the study. The number of days on an antipsychotic 
for any given subject (reported in Table 1) included days in which any antipsychotic was taken regardless of the 
transition between drugs. 

Other concurrently prescribed medications in each group included mood stabilizers (7 medicated, 1 unmedicated), 
antidepressants (5 medicated, 4 unmedicated), anxiolytics (6 medicated, 2 unmedicated), anticholenergics (4 
medicated, 1 unmedicated), and beta receptor antagonists (1 medicated).  When collapsing across antipsychotics and 
other medications, the medicated sample was taking an average of two medications (mean=2.0, SD=0.85, 
min/max=1/4) and the unmedicated sample was taking an average of 0.45 medications (mean=0.45, SD=0.59, 
min/max=0/2).   

In terms of the five unmedicated subjects who were previously exposed to antipsychotic medication, the most 
common reason for discontinuation was that the subject decided to stop taking medications shortly after leaving an 
inpatient unit during the first episode.  These subjects then were subsequently referred to our clinic and completed 
the research protocol without medication.  The majority of subjects (both previously medicated and antipsychotic-
naïve) were open to receiving medication after developing rapport with our clinical and research team. 

1.3   Functional MRI Preprocessing Pipeline 
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Preprocessing was completed using Statistical Parametric Mapping-8 (SPM8, http://www.fil.ion.ucl.ac.uk/SPM8), 
including slice timing correction, spatial realignment, spatial normalization to the EPI Montreal Neurological 
Institute (MNI) template using a rigid-body transformation followed by non-linear warping, and spatial smoothing 
using a Gaussian 8-mm full-width half-maximum kernel. Individual fMRI runs were removed from the analysis if 
translational movement exceeded 4-mm or rotational movement exceeded 3 degrees of within-run movement.  
Multivariate ANOVA did not reveal any significant differences in movement parameters between groups (p>0.40).  
One unmedicated subject was excluded from fMRI analyses due to scanning artifacts. 

1.4   DLPFC fMRI ROI Selection and Analysis 

DLPFC ROIs consisted of left and right spheres (38 voxels each) with foci obtained from an independent previous 
study 6.  Beta weights were extracted and analyzed from the CueB-CueA contrast and evaluated in one-way 
ANOVAs.  Independent samples t-tests were performed for significant ANOVAs to evaluate pair-wise differences 
between the three groups.  A duration of illness covariate for patient subgroup comparisons and correction for 
multiple comparisons were applied as described previously. 

1.5.  Structural MRI Processing Pipeline 

First, images underwent standard Freesurfer processing, including alignment to Talairach space, brain extraction, 
intensity normalization, segmentation, surface generation, and parcellation.  After this initial automatic processing, 
software developed at the UC Davis Imaging Research Center was used to identify potentially problematic regions 
in each image. These regions were identified using information from Freesurfer output (i.e., Freesurfer’s list of 
“defect” locations that the software attempted to correct) as well as image intensity considerations (i.e., high 
intensity voxels occurring immediately adjacent to lower intensity voxels).  A custom script was then used to 
sequentially present these regions to the viewer, who was blind to group membership, for possible manual editing.  
The primary purpose of this additional procedure was to offer a systematic way of ensuring that regions posing 
particular difficulty to Freesurfer’s automated pipeline would be viewed and corrected if necessary.  This procedure 
was implemented in addition to a whole-brain slice-by-slice examination in which errors in brain extraction, image 
intensity, segmentation, and surface generation were corrected manually according to Freesurfer documentation.  
Surface renderings of white and gray matter surfaces were then viewed for defects and corrected manually before 
final processing was completed.  A final visual inspection after all manual intervention was completed confirmed 
that each image had been appropriately corrected. 
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eAppendix 2. Results 

2.1.  AX-CPT Trial-type Analyses 

Accuracy and reaction time were examined using ANOVA with task condition (AX, AY, BX, BY) as a within-
subjects factor and diagnosis as a between-subjects factor.  Accuracy and reaction times were based upon probe 
responses, which were only analyzed if the subject responded correctly to the cue.   

For AX-CPT accuracy, ANOVA revealed significant main effects of diagnosis, F(2,79)=7.27, p=0.001; and 
condition, F(3,79)=46.21, p<0.001; and no diagnosis by condition interaction, F(6,79)=1.46, p=0.22.  One-way 
ANOVA of individual trial types revealed significant between-group differences on AX, F(2,79)=9.70, p<0.001, and 
BX trials, F(2,79)=7.88, p=0.001, a trend on BY trials, F(2,79)=2.77, p=0.07, and no significant differences on AY 
trials, F(2,79)=0.56, p=0.57.  An examination of group means for trial types with significant overall differences 
revealed that controls showed higher accuracy on AX trials compared to unmedicated, t(57)=4.71, p<0.001, but not 
medicated subjects, t(58)=1.41, p=0.17. For BX trials, controls showed higher accuracy than both medicated, 
t(58)=2.02, p<0.05, and unmedicated subjects, t(57)=4.02, p<0.001.  Comparing medicated and unmedicated 
subjects on these trial types revealed significantly higher accuracy in medicated subjects on AX trials, F(1,42)=5.86, 
p<0.05, but not BX trials, F(1,42)=2.93, p=0.09.  After correcting for multiple comparisons, all post-hoc tests 
remain significant except for the control versus medicated comparison on AX trials.   

ANOVA of reaction time data revealed no main effect of diagnosis F(2,79)=2.23, p=0.11; a significant main effect 
of condition, F(3,79)=85.52, p<0.01; and a significant diagnosis by condition interaction, F(6,79)=3.32, p<0.05.  
Post-hoc reaction time comparisons for each condition using one-way ANOVA revealed a significant group 
difference on BX trials, F(2,79)=3.31, p<0.05, with no significant differences on AX, F(2,79)=1.23, p=0.30, AY, 
F(2,79)=1.72, p=0.19, or BY trials, F(2,79)=1.89, p=0.16.  Significant differences on BX trials was driven by a trend 
for shorter reaction times in controls compared to medicated subjects, t(58)=1.82, p=0.08, and significantly shorter 
reaction times in controls compared to unmedicated subjects, t(57)=2.28, p<0.05.  Medicated and unmedicated 
subjects did not differ in terms of BX reaction times, F(1,42)=0.001, p=0.98.  After correcting for multiple 
comparisons the control versus unmedicated comparison on BX trials was no longer significant. 

2.2   AX-CPT fMRI Within-Group Results 

In the CueB-CueA contrast, controls showed activation in the predicted fronto-parietal network, including bilateral 
DLPFC, bilateral parietal cortex, and anterior cingulate/supplementary motor area.  In contrast, neither medicated 
nor unmedicated patients showed significant suprathreshold activation in this contrast, although they did show 
activation across this network at lower, uncorrected thresholds.   

2.3.  Antipsychotic-Naïve Subset Analyses 

We performed additional analyses comparing medicated patients with the subset of 17 antipsychotic-naïve patients.  
The two groups were not significantly different in terms of demographic or clinical characteristics, with the only 
prominent trend for a longer duration of illness in drug-naïve subjects (p = 0.06; all other p > 0.12).  D’-context 
performance remained statistically significant, with drug-naïve subjects performing more poorly (p<0.01).  
Additionally, drug-naïve subjects showed significantly lower DLPFC BOLD activity in the right hemisphere 
(p<0.01) and a trend for lower BOLD in the left hemisphere (p=0.07).  Finally, medicated subjects continued to 
show two clusters of significant cortical thinning in rostral middle frontal gyrus.  The area of thinning in the 
medicated group was larger when compared to fully naïve patients (area of 725 mm2 and 806 mm2; p=0.0025 and 
p=0.001, respectively) than the full sample of unmedicated patients (area of 733 mm2 and 500 mm2; p=0.0023 and 
p=0.0267, respectively).  These results provide additional support for our hypotheses, particularly given that the 
behavioral and functional results remain strongly significant and the overall area of cortical thinning expanded and 
became more significant. 
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2.4.  Relationship Between Behavior and fMRI 

To investigate the relationship between behavioral and functional measures, we computed Pearson correlations 
between d’-context and DLPFC beta values in patients.  We found a significant positive relationship between d’-
context score and left DLPFC activity, r(44)=0.391, p<0.01 and a positive but non-significant relationship with right 
DLPFC activity, r(44)=0.160, p=0.299.  

2.5.  Relationship Between fMRI and Cortical Thickness 

To investigate the relationship between functional and structural measures, we correlated left and right DLPFC beta 
values to left and right hemisphere cortical thickness, respectively, in a vertex-wise fashion.  Each group was 
examined separately and statistical thresholds were identical to between-group whole-brain cortical thickness 
analyses.  However, there were no regions of the cortex that showed significant, cluster-corrected, positive or 
negative relationships between thickness and fMRI activity.  While these results suggest that fMRI BOLD activity is 
not directly related to cortical thickness in these groups, we want to highlight that this does not alter the conclusions 
we seek to draw from the study.  The main conclusions of the study are that even though medicated patients show 
thinner cortex, they are still able to perform better and show greater activity in PFC during the AX-CPT.  Thus, we 
do not claim that the thinning of the cortex is the cause of better performance or that thinning is necessarily a desired 
outcome, but that based on other metrics (i.e., AX-CPT performance and BOLD activity), we provide evidence that 
medications do not have a solely deleterious effect on the brain.  
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eFigure 1. Regions of Uncorrected Cortical Thinning Between Groups  

 
Between-group results for the cortical thickness analyses at a vertex-wide threshold of p<0.01(for display purposes), with blue 
regions reflecting thinner cortex.The significance scale reflects the following transformation: scale value = –log10(p-value).  Cluster-
corrected renderings are presented in Figure SF1. 
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eFigure 2. Relationship Between d′-Context Score and DLPFC Activity in Patients With 
Schizophrenia  
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eTable. Regions of Significant fMRI Activity (Cluster Corrected) 

    MNI coordinates   
Region Brodmann's Area x y z T voxel 

 Control           

     R. Middle Frontal Gyrusa 9 52 26 36 7.14 

          L. Superior Parietel Cortex 7 -26 -66 52 6.58 

          R. Inferior Parietal Cortex 40 48 -42 54 5.83 

          L. Middle Frontal Gyrus 9 -44 18 36 5.72 

 Schizophrenia 

     No significant clusters - - - - - 

 Medicated 

     No significant clusters - - - - - 

 Unmedicated 

     No significant clusters - - - - - 
            
 Control > Schizophrenia 

     R. Middle Frontal Gyrusa 9 52 26 36 5.79 

          R. Middle Frontal Gyrus 6 18 10 66 4.79 

          L. Inferior Parietal Cortex 40 -50 -46 48 4.79 

 Schizophrenia > Control  

     No significant clusters - - - - - 

 Control > Medicated 

     No significant clusters - - - - - 

 Medicated > Control 

     No significant clusters - - - - - 

 Control > Unmedicated 

     R. Middle Frontal Gyrusa 9 48 24 38 6.45 

          L. Inferior Parietal Cortex 40 -52 -46 50 5.76 

          R. Inferior Parietal Cortex 40 48 -46 54 5.65 

          R. Middle Frontal Gyrus 6 34 6 50 5.34 

 Unmedicated > Control 

     No significant clusters - - - - - 

 Unmedicated > Medicated 

     No significant clusters - - - - - 

 Medicated > Unmedicated 

     L. Superior Frontal Gyrusb 8 -32 26 54 4.15 

          R. Middle Frontal Gyrus 9 46 20 42 3.68 

          L. Inferior Frontal Gyrus 9 -48 10 38 3.25 
MNI, Montreal Neurological Institute; ACC, Anterior Cingulate Cortex; SMA, Supplementary Motor Area; L, left; R, right 
 
aAt the tested threshold, a very large cluster was identified extending throughout lateral frontal, ACC, and parietal cortex.  To better 
separate individual regions for future meta-analyses, a more stringent threshold of voxel-wise FWE p<0.05 was applied and 
coordinates are reported for these significant local maxima.  These regions are listed below the global maximum significant cluster. 
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bOne large significant cluster survived correction with the peak in L. superior frontal gyrus, extending  to L. inferior frontal gyrus and 
cross-hemisphere to R. middle frontal gyrus (height p<0.01; FWE Cluster Corrected p<0.05). 

 


