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METHODS 
 
Magnetic resonance imaging parameters 
 
MR5 imaging parameters: Scans were obtained on a 1.5-Tesla GE (General Electric Medical 
Systems, Milwaukee, Wisconsin) Signa MR scanner. Three-dimensional T1-weighted images were 
acquired in the coronal plane using a spoiled GRASS sequence (SPGR). The parameters were: echo 
time (TE) = 5ms, repetition time (TR) = 24ms, numbers of excitations (NEX) = 2, rotation angle = 
40 degrees, field of view (FOV) = 26 × 19 × 18.6 cm, and a matrix of 256 × 192 × 124. Two-
dimensional PD and T2 sequences were acquired as follows: 3.0 or 4.0 mm thick coronal slices, TR 
= 3000ms, TE = 36ms (for PD) and 96ms (for T2), NEX = 1, FOV = 26 × 26 cm, matrix = 256 × 
192.  
 
MR6 imaging parameters: Scans were collected on a 1.5-Tesla Siemens Avanto scanner using T1- 
and T2-weighted sequences. The T1 sequence was obtained as a 3D volume in the coronal plane 
using a FLASH sequence with the following parameters: TE = 6 ms, TR = 20 ms, flip angle = 30°, 
FOV = 260 × 260 × 192 mm, matrix  =  256 × 256 × 124, NEX = 2, slice thickness 3 mm, ETL = 5. 
The MR6 T2 images were acquired using a 2D fast spin-echo sequence in the coronal plane. The 
parameters were: TE = 85 ms, TR = 4800 ms, slice thickness/gap = 1.8/0.0 mm, FOV = 160 × 160 
mm, matrix = 256 × 256, NEX = 3, number of echoes = 8, number of slices = 124. 
 
MRI acquisition and image processing  
 
MR images were processed using the locally developed BRAINS2 (Brain Research: Analysis of 
Images, Networks, and Systems, Version 2) software package.1 Detailed descriptions of image 
analysis methods have been provided elsewhere.1-7 Our fully automated image processing routine 
(known as AutoWorkup7) utilizes advanced image processing algorithms that eliminate the need for 
manual intervention at the stages of image realignment, tissue sampling, and mask editing. In 
addition, inhomogeneity correction, intensity normalization, and mask cleaning routines are 
included to improve the accuracy and consistency of the results. The T1-weighted images were re-
sampled so that the anterior-posterior axis of the brain was realigned parallel to the anterior-
posterior commissure line, and the interhemispheric fissure was aligned on the other two axes. The 
T2-weighted images were aligned to the spatially normalized T1-weighted image. The Talairach 
atlas6 was warped onto each of the subject datasets using a piecewise linear transformation. The 
1,056 Talairach boxes were assigned as belonging to either frontal, temporal, parietal, occipital 
lobe, cerebellum, subcortical region or brainstem (see eFigure 1a). Each Talairach atlas region is 
then intersected with a definition of the subdural space including surface CSF defined via an 
artificial neural network.7 Volume for each brain region of interest (e.g. frontal lobe) is the sum of 
the volume of voxels present within the “frontal” Talairach boxes within the definition of the brain. 
BRAINS2 generates automated volume measurements of frontal, temporal, parietal, and occipital 
lobes, cerebellum, subcortical and brainstem regions.4 To further classify tissue volumes into gray 
matter (GM), white matter (WM) and cerebrospinal fluid (CSF), we employed the discrete measures 
from the discriminant analysis method of tissue segmentation based on automated training class 
selection that utilized data from the T1 and T2 sequences5 (see eFigure 1b). Total cerebral tissue 
volume is the sum of the volume of gray matter voxels and white matter voxels falling within the 
frontal, temporal, parietal and occipital Talairach boxes. Total gray matter volume is calculated by 
summing up the volume of gray matter voxels within the frontal, temporal, parietal and occipital 
Talairach boxes. Total white matter volume is the sum of the volume of white matter voxels in the 
frontal, temporal, parietal and occipital Talairach boxes. Volumes for the caudate, putamen, 
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thalamus and cerebellum were obtained using our automated artificial neural network segmentation 
algorithm8,9 (see eFigure 1c). Occipital lobe was not included for analysis in the current study due to 
its relatively low reliability (which is most likely related to head position in the scanner). 
 
Pooling the two MRI sequences 
 
Ensuring that findings are not due to scanner artifacts is a major challenge in structural MR 
research, especially in longitudinal studies. To test for comparability of MR5 and MR6 imaging 
data, 60 subjects each underwent a brain scan using MR5 sequence and another brain scan using 
MR6 imaging protocol. Both scan pairs in each subject were acquired no more than 1 week apart so 
as to verify our ability to combine data from both sequences in our longitudinal analyses. Results 
are summarized in eTable 1. Difference between the two sequences is small (Median percent 
difference = 0.19%). Intra-class correlations (ICCs) are high for all measures (Median ICC = 0.97). 
Hence, data from MR5 and MR6 scans are comparable to be combined for statistical analyses. To 
further ensure that scan sequence variation is not producing erroneous results, we have also 
included scan sequence as a covariate in all of our analyses. 
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eTable 1. Comparability (percent difference (mean MR6 volume minus mean MR5 
volume) and intra-class correlation (ICC) of MR imaging data from 2 imaging 
protocols in 60 subjects 
 
Region Percent Difference ICC 
Cerebral Tissue 0.25 0.99 
Cerebral GM −0.21 0.97 
Cerebral WM 0.92 0.98 
Frontal GM 0.44 0.97 
Frontal WM 0.12 0.98 
Temporal GM 0.98 0.96 
Temporal WM −1.2 0.96 
Parietal GM −0.45 0.92 
Parietal WM 0.11 0.96 
Surface CSF 1.2 0.97 
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eTable 2. Antipsychotic dose conversions: Equivalency of individual antipsychotic 
to 100 milligrams of chlorpromazine 
 
 Drug Chlorpromazine Equivalent (mg) 

Aripiprazole 6.42 

Clozapine 108 

Olanzapine 4.75 

Quetiapine 142 

Risperidone 1.32 A
ty

pi
ca

ls
 

Ziprasidone 50.5 

 Chlorpromazine 100 

Fluphenazine 1.76 

Haloperidol 1.84 

Perphenazine 6.90 

Thioridazine 87.3 

Thiothixene 4.91 

Trifluoperazine 4.09 

Fluphenazine 
decanoate (mg/2–3 
wk) 7.91 

Ty
pi

ca
ls

 

Haloperidol decanoate 
(mg/4 wk) 35.3 
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eTable 3. Illness severity of 211 schizophrenia patients during follow-up interval 
 Mean (SD) Median (IQR) Minimum Maximum 
Mean GAS score1 45.29 (9.56) 43.27 (12.67) 15.20 75.09 
Mean SANS/SAPS Global 
Ratings2 

1.49 (0.56) 1.48 (0.80) 0.12 2.90 

Mean Psychosocial 
Functioning3 

3.29 (0.65) 3.28 (0.85) 1.63 4.83 

Mean daily clozapine dose4 91.65 (220.45) 0 (0) 0 985.41 
1 Monthly rating of GAS score during follow-up interval. 
2 Global ratings for alogia, anhedonia, avolition, affective flattening, delusions, 
hallucinations, disorganized behavior, positive formal thought disorder and inappropriate 
affect (6-point range for each global rating: 0 = Absent; 1 = Questionable presence; 2 = 
Mild; 3 = Moderate; 4 = Marked; 5 = Severe).  
3 Rater’s assessment of patient’s monthly overall psychosocial functioning level (5-point 
ordinal scale of impairment: 1 = None; 2 = Mild; 3 = Moderate; 4 = Marked; 5 = Severe). 
4 chlorpromazine-milligram equivalent per day (100 mg clozapine = 100 mg 
chlorpromazine) 
.
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eTable 4. Random regression coefficient mixed models showing fixed effects of antipsychotic treatment, illness 
severity (symptom dimension scores), and antipsychotic treatment-by-follow-up duration interaction term on 
longitudinal brain volume changes 
 
Regions of Interest Antipsychotic Tx Psychotic Negative Disorganized APS*Time 
 F (p) F (p) F (p) F (p) F (p) 
Total cerebral tissue 2.57 .11 3.39 .07 0.00 .96 0.57 .45 4.18 .04 
Total cerebral GM 8.33 .004 0.56 .45 1.49 .22 0.05 .82 0.73 .39 
 Frontal GM 6.93 .01 0.51 .48 1.51 .22 0.77 .38 0.01 .93 
 Temporal GM 4.29 .04 1.61 .21 0.23 .64 0.51 .48 0.18 .68 
 Parietal GM 4.87 .03 0.04 .85 3.14 .08 0.22 .64 1.14 .29 
Total cerebral WM 0.62 .43 2.87 .09 0.60 .44 0.65 .42 10.24 .002 
 Frontal WM 0.11 .74 1.86 .17 1.12 .29 0.12 .73 6.08 .01 
 Temporal WM 1.49 .22 2.09 .15 1.44 .23 0.00 .99 8.04 .005 
 Parietal WM 3.08 .08 0.92 .34 0.00 .99 1.23 .27 13.26 .0003 
Lateral ventricles 0.55 .46 8.79 .00 0.45 .50 10.35 .001 3.76 .05 
Sulcal CSF 0.26 .61 0.04 .85 0.24 .62 0.43 .51 6.84 .009 
Caudate 0.42 .52 1.07 .30 0.03 .86 2.62 .11 4.24 .04 
Putamen 20.96 <.0001 2.77 .10 2.36 .13 8.58 .00 5.50 .02 
Thalamus 0.48 .49 3.22 .07 0.01 .93 5.65 .02 3.57 .06 
Cerebellum 0.32 .57 2.59 .11 0.16 .69 0.43 .51 9.34 .002 
 
The statistical models in this set of analyses are similar to those in Table 2 except for the illness severity measure. Mean GAS score is 
replaced by psychotic (mean of delusions and hallucination SAPS (Scale for Assessment of Positive Symptoms) global ratings), 
negative (mean of alogia, affective flattening, avolition/apathy, and anhedonia/asociality SANS (Scale for Assessment of Negative 
Symptoms) global ratings, and disorganized (mean of bizarre behaviors, formal positive thought disorder and inappropriate affect 
SANS/SAPS global ratings) symptom severity scores. Using symptom dimension scores as measures of illness severity, the effects of 
antipsychotic treatment and time-by-treatment interaction on brain volumes are similar to those in which GAS score was entered as the 
illness severity measure (see Table 2).  
Random regression coefficient mixed models: Dependent measures - within-subject repeated measures of MRI brain volumes; Fixed 
effects - follow-up duration, antipsychotic treatment, illness severity, substance misuse severity and antipsychotic treatment-by-follow-up 
duration interaction term (APS*Time); Random effects - follow-up duration and an intercept term to model within-subject correlations in 
brain volumes across time (unstructured covariance structure); Covariates - intracranial volume at intake scan, gender, imaging protocol 
and age at intake scan; 
GM: gray matter; WM: white matter; CSF: cerebrospinal fluid. 
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eFigure 1a. The 1056 boxes in the stereotactic Talairach atlas were designated as 
corresponding to specific brain regions: frontal (red), temporal (green), parietal (blue), 
occipital (pink), subcortical (yellow), cerebellar (brown), and brainstem (cyan). 
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eFigure 1b. Automatically selected training classes for gray matter (GM) plugs (blue), 
white matter (WM) plugs (red) and CSF plugs (green) in T1-weighted (top left) and T2-
weighted (tope right) MR images. GM, WM and CSF tissue segmented MR images derived 
using multivariate discriminant analysis based on discrete (lower left) or continuous (lower 
right) classification.  
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eFigure 1c. Surface definitions of brain regions defined automatically using artificial neural 
net algorithm: caudate (blue), putamen (red), thalamus (green) and cerebellum (yellow). 
 

 
 


