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Abstract 
 
Objective: Progress toward understanding brain mechanisms in psychosis is hampered by failures 

to account for within-group heterogeneity that exists across neuropsychological domains. We 

recently identified distinct cognitive subgroups that might assist in identifying more biologically 

meaningful subtypes of psychosis. In the present study we examined whether underlying structural 

brain abnormalities differentiate these cognitively derived subgroups. 

Method: 1.5T T1 weighted structural scans were acquired for 168 healthy controls and 220 patients 

with schizophrenia/schizoaffective disorder. Based on previous work, 47 patients were categorised 

as being cognitively compromised (impaired premorbid and current IQ), 100 as cognitively 

deteriorated (normal premorbid IQ, impaired current IQ) and 73 as putatively cognitively preserved 

(premorbid and current IQ within 1 SD of controls). Global, subcortical and cortical volume, 

thickness and surface area measures were compared among groups. 

Results:  Whole cortex, subcortical, and regional volume and thickness reductions were evident in 

all subgroups compared to controls, with the largest effect sizes in the Compromised group. This 

subgroup also showed abnormalities in regions not seen in the other patient groups, including 

smaller left superior and middle frontal areas, left anterior and inferior temporal areas and right 

lateral medial and inferior frontal, occipital lobe and superior temporal areas. 

Conclusions: This pattern of more prominent brain structural abnormalities in the group with the 

most marked cognitive impairments - both currently and putatively prior to illness onset, is 

consistent with the concept of schizophrenia as a progressive neurodevelopmental disorder. In this 

group, neurodevelopmental and neurodegenerative factors may be important for cognitive function.  

!
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Schizophrenia is a heterogeneous disorder that varies in its cognitive presentation. Past 

literature indicates a broad spectrum of cognitive functioning, ranging from intact ability or mild 

deficits, to severe and profound impairments 1, 2. Work using different statistical clustering 

techniques shows that schizophrenia patients can be sub-grouped into two-to-four more 

homogeneous clusters on the basis of neuropsychological data tapping predominantly ‘fluid’ 

cognitive processes 3-7. These clusters can be distinguished in terms of the severity of their 

cognitive impairments and their psychosocial outcomes; with the more severely impaired patients 

tending to demonstrate evidence of poorer functioning relative to less-impaired groups 3, 8. 

Among individuals with schizophrenia with moderate-to-severe cognitive deficits in fluid 

intelligence, there is variability in the extent to which crystalized intelligence is also affected 4, 7-10. 

Crystalized intelligence is generally measured by performance on ‘hold tests’ including vocabulary 

or word reading, that tap into abilities that require intact functioning during development for 

adequate performance. As these hold tests are thought to be immune to age-related decline, their use 

in psychiatric disorders is considered to index the extent of intellectual functioning (premorbid IQ) 

prior to illness onset 11, 12.  For some patients, impaired current cognition in the context of intact 

premorbid IQ, suggests a putatively normal early developmental cognitive path followed by a 

decline in intellectual functioning possibly associated with pathology at illness onset. For others, 

severe deficits in current cognitive functioning in the context of low premorbid IQ implies early 

limitations to cognitive capacity that may be consistent with neurodevelopmental insults and/or 

early and ongoing cognitive degeneration 6, 7. 

Recently, Woodward and Heckers 9 reported that cognitively impaired patients with 

psychosis (bipolar disorder and schizophrenia) had reduced total brain volumes (TBV) as well as 

regionally specific fronto-temporal and subcortical grey matter loss relative to healthy individuals. 

However, cognitively impaired patients with compromised premorbid IQ showed evidence of brain 

hypoplasia in the form of reduced intracranial volume (ICV). Conversely, cognitively impaired 
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patients with intact premorbid IQ, showed evidence of neural atrophy as demonstrated by reduced 

TBV but normal ICV.  Czepielewski et al.13 largely replicated these findings in a smaller cohort of 

individuals diagnosed with schizophrenia only, demonstrating that patients with impaired current 

and premorbid cognitive functioning had reduced ICV and reductions in TBV, global cortical 

thickness, global grey matter and regional insula volumes. Patients with impaired current but intact 

premorbid cognitive impairments however, had only reduced TBV alongside reduced global 

cortical thickness and grey matter volume relative to controls. Weinberg et al.5 also recently 

reported extensive volumetric abnormalities in whole brain, total gray and white matter as well as in 

several cortical regions in a similarly categorised psychosis subgroup with average premorbid but 

below average current IQ.  However, due to low statistical power these authors were unable to 

analyse a subgroup akin to that identified as having low premorbid and current intellectual function 

in previous studies.  

Although cross-sectional in nature, these studies assumed that in the context of impaired 

current cognitive functioning, estimates of impaired premorbid IQ represented a ‘compromised’ 

cognitive phenotype, while estimates of intact premorbid IQ represented a potentially ‘declining’ 

cognitive phenotype. These studies therefore suggest that both neurodevelopmental and 

neurodegenerative processes may be of importance to understanding variability in brain-cognition 

relationships in schizophrenia14.   

However, all of these studies comprised small-medium sized samples for cognitive 

clustering, making it unclear whether the above brain structural findings are reproducible with 

larger samples. These studies also only examined global brain thickness and/or volumetric estimates, 

or regional brain volumes using voxel-wise or mean-regional volume approaches in relation to 

cognitive subgroups. Yet knowledge of brain-cognition relationships may further benefit from 

understandings of regional thickness differences between sub-groups, as well as the unique 

contribution of surface area. The latter may have a neurodevelopmental basis as it has been shown 

to scale with the degree of cortical folding, a process occurring during mid-gestation and early post-
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natal brain development 15-17. Both thickness and surface area are component measures of cortical 

volume thought to be negatively related 18, genetically independent 19, 20 and have differing 

neurodevelopmental trajectories and relationships to IQ 21, 22. It remains unclear however, whether 

thickness, surface area and volume show similar or different relationships with cognitive variability 

in schizophrenia/schizoaffective disorder, particularly in the context of premorbid IQ; to date, there 

is a paucity of literature examining discrete brain structural indices in cognitive subgroups of 

psychosis with putatively differing cognitive courses 5, 6, 8, 9, 13. 

In our recent study8, we used a data-driven approach to subgroup patients with 

schizophrenia and schizoaffective disorder into three groups based on estimated premorbid and 

current IQ. One group showed evidence of average premorbid and current cognitive performance, 

suggesting the presence of a ‘preserved’ cognitive course unlikely to be impacted by 

neurodevelopmental or neurodegenerative abnormalities. A second group of patients with average 

premorbid IQ but current IQ below the control mean, showed evidence of a decline in cognitive 

functioning; these patients appeared to have a ‘deteriorated’ cognitive course, with progressive 

degeneration assumed to originate at or after illness onset.  Finally, a third group with low 

premorbid and low current IQ were considered to show evidence of a ‘compromised’ cognitive 

course with abnormalities assumed to originate years before and continue after illness onset. 

Functional outcomes and symptomatology in the Compromised subgroup were worse than that of 

Preserved patients, suggesting group differentiation consistent with differences in cognitive profiles 

in and of themselves. These findings suggest that the pathways leading to cognitive outcomes in 

each of the subgroups may be different. However, the presence of other potentially distinguishing 

factors, including brain structure, was not examined.  

Here, we aimed to build on work in this cohort by determining whether underlying structural 

brain abnormalities differentiate these cognitively derived subgroups. Our objectives were twofold; 

first, we aimed to replicate the findings by Woodward and Heckers9 and Czepielewski et al.13 in the 

current larger cohort. We predicted that smaller ICV would be apparent in the Compromised 
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subgroup as evidence of hypoplasia, whilst smaller TBV and normal ICV would be apparent in the 

Deteriorated subgroup as evidence of atrophy. Second, we aimed to extend previous findings by 

examining whether the cognitive subgroups could be differentiated in terms of global and regional 

brain measures of volume, thickness and surface area. We predicted that both cognitively impaired 

subgroups would show brain structural abnormalities relative to controls, but that these would be 

more extensive in the Compromised subgroup. Whether surface area differences would be evident 

only in the Compromised patients with greater presumed neurodevelopmental influences remained 

exploratory. 

 
 
Method 
 

Participants 

Neuroimaging data from 220 patients with schizophrenia/schizoaffective disorder and 168 

healthy controls was obtained from the Australian Schizophrenia Research Bank (ASRB). All 

participants provided informed consent for the analysis of their stored data. Study procedures were 

approved by the Melbourne Health Human Research Ethics Committee. Details of participant 

characterisation are given in the supplementary material. 

 Cognitive subgroups were previously determined by applying clustering analysis to a larger 

dataset (n= 534) of patients from the ASRB (see 8 for details). Briefly, tree and K-means clustering 

algorithms were used to determine the optimal number of clusters to retain from the data using 

standardised scores from the following tests; Wechsler Test of Adult Reading (WTAR), the 

Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) immediate memory 

and attention index scores and the Wechsler Adult Intelligence Test –III Letter-Number Sequencing 

test. This strategy resulted in a three-group solution, defined as putatively Preserved, Deteriorated 

and Compromised subgroups of people with schizophrenia/schizoaffective disorder.  

 

MRI image acquisition and processing 
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T1-weighted (MPRAGE) structural scans were acquired using Siemens Avanto 1.5 tesla 

scanners. T1-weighted images comprised 176 sagittal slices/brain of 1mm thickness without gap; 

field of view = 250 x 250 mm2; repetition time/echo time = 1980/4.3 ms; data matrix size = 256 x 

256; voxel dimensions = 1.0 x 1.0 x 1.0 mm3. The same acquisition sequence was acquired at all 

ASRB sites.  Image processing was conducted using the Freesurfer software package (version 5.1.0, 

http://surfer.nmr.mgh.harvard.edu/), comprising a volume and a surface-based stream 23, 24. The 

former was used to extract mean volume estimates for ICV (estimate based on the talairach 

transform), TBV (brain segmentation volume without ventricles) and subcortical and cortical areas 

across the whole brain.  The latter was used to extract cortical thickness and surface area 

measurements by reconstructing a three-dimensional cortical surface model. Details of the pre-

processing procedure is provided in the supplementary material.  

 

Statistical analysis 

Demographic data were analyzed with one-way analyses of variance or Chi-square tests 

using the Statistical Package for the Social Sciences (SPSS v22). Mean global and regional volume, 

thickness and surface area values were extracted from Freesurfer and imported into SPSS, where 

the null hypothesis of equality across the four groups (controls, Deteriorated, putatively Preserved 

and Compromised) in each of these brain measures was tested using general linear models 

controlling for scanner site, gender, age and ICV (for global volume except absolute TBV, regional 

volume and surface area analyses only). Bivariate correlations were also conducted in the whole 

patient sample to ascertain relationships between brain measures and negative symptoms, given 

group differences in negative symptom severity.  As no correlations survived False Discovery Rate 

(FDR; p<.05) correction for multiple testing, negative symptoms were not included as a covariate in 

the models comparing the three subgroups. The FDR was also used to correct for multiple 

comparisons for the following analyses separately; 1) global brain estimates: total left, right and 

whole cortex volume, thickness and surface area, total left and right cortical white matter volume, 
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total cortical and subcortical gray matter volume, ICV, absolute TBV and TBV adjusted for ICV 

(12 comparisons); 2) subcortical volume across the left and right Putamen, Pallidum, Hippocampus, 

Amygdala, Thalamus, Caudate, Accumbens area and Cerebellum (16 comparisons); 3) regional 

cortical volume; 4) regional cortical thickness; 5) regional cortical surface area. Analyses 3-5 were 

conducted on all 34 regions delineated by the Desikan-Killiany brain atlas; the left and right 

hemispheres were corrected separately using an FDR rate of p<.05 (34 comparisons per hemisphere 

per measure). Whenever the null hypothesis of equality across the four groups was rejected at a 

significance that survived FDR correction, pair-wise post-hoc tests (6 comparisons) were performed 

and corrected using an FDR rate of 5% to assess where group differences lay. Effect sizes are 

reported as Cohen’s d. 

 

Results 

The size of the subgroups in the ASRB subset of patients with available neuroimaging data 

were n= 73 patients putatively Preserved; n=100 Deteriorated, n= 47 Compromised. 

Demographic/clinical proportions and cognitive performance patterns on the clustering variables 

largely adhered to that seen in the larger sample (supplementary Figure 1). There were no 

differences in antipsychotic medication use between subgroups, but there were more Deteriorated 

patients taking anxiolytics and lithium than other subgroups. Table 1 presents the descriptive 

statistics for the sample. 

 

Global brain estimates 

Figure 1 and supplementary Table 1 present comparisons of ICV, TBV and ICV adjusted for TBV, 

as well as global brain structural volume and thickness estimates for regions surviving FDR 

correction. 

Subgroups vs. controls: Although in the Compromised subgroup ICV was qualitatively 

(albeit negligibly) the smallest of all the subgroups compared to controls (d=-.21 vs. d=-.05 and d=-
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.03), this effect was not statistically significant.  In fact, there were no significant group differences 

in ICV, absolute TBV, bilateral cortical white matter volume or surface area in any of the cognitive 

subgroups compared to controls.  However, statistically significant volumetric reductions were 

evident in left, right and total cortical thickness and volume as well as total grey matter volume and 

in TBV after correction for ICV compared to controls. Compromised patients showed the greatest 

patient-control effect size differences of all subgroups (effect sizes ranges: Compromised d=-.70 to 

-.92; vs Deteriorated d=-.36 to -.62 and putatively Preserved d=-.40 to -.72) 

Subgroup comparisons: Relative to both Deteriorated and putatively Preserved patients, the 

Compromised subgroup had statistically significant reductions in left (d=-.52; d=-.44 respectively), 

right (d=-.52; d=-.48 respectively) and total cortical volumes (d=-.53; d=-.46 respectively). This 

group also showed statistically significant reductions in total grey matter (d=-.40) compared to 

Deteriorated patients. 

 

Subcortical volume 

Table 2 presents comparisons of subcortical and cortical regions surviving FDR correction. 

Subgroups vs. controls: All subgroups showed subcortical volumetric abnormalities, with 

statistically significant bilateral increases in the putamen and pallidum, and reductions in the 

hippocampus. Larger patient-control effect sizes for hippocampal reductions were evident in the 

Compromised group (left d=-.86 and right d=-.77 vs. all d’s < -.58 for Deteriorated and putatively 

Preserved patients). 

Subgroup comparisons: Compared to Deteriorated patients, the Compromised group had 

statistically significant reduced volumes of the hippocampus bilaterally (d= -.45 and d= -.47 

respectively). 

 

Regional cortical volume 
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Figure 2a shows the effect size maps for comparisons of cortical volume in regions 

surviving FDR correction. Table 2 quantifies the regions that significantly differed in cortical 

volume between groups. 

 Subgroups vs. controls: All subgroups showed statistically significant reductions in left 

inferior parietal cortex, right supramarginal gyrus and frontal pole, and in the middle temporal 

gyrus and pars orbitalis bilaterally. Both cognitively impaired subgroups showed significantly 

smaller volumes of the right precentral gyrus and left lateral orbitofrontal cortex not seen in the 

putatively Preserved patients. The Compromised subgroup however, was the only group to show 

significant volumetric reductions relative to controls bilaterally in the rostral middle frontal region 

and in the left temporal pole, left inferior temporal, superior frontal, and parahippocampal gyri and 

the right lateral occipital and superior temporal gyri, right lateral and medial orbitofrontal cortices 

and right pars triangularis. The putatively Preserved group showed specific significant reductions in 

the left superior temporal gyrus and right inferior temporal gyrus that were not seen in the other 

subgroups. Larger effect size differences were seen in the Compromised (d=-.39 to -.79) vs. 

Deteriorated (d= -.02 to -.40) and putatively Preserved (d=-.11 to -.52) subgroups in more than half 

of the regions surviving correction. 

Subgroup comparisons: Relative to both Deteriorated and putatively Preserved subgroups, 

Compromised patients showed significant reductions in the left lateral orbitofrontal cortex (d=-.48; 

d= -.65 respectively), parahippocampal gyrus (d=-.52; d= -.46 respectively) and temporal pole (d=-

.50; d=-.43 respectively), as well as the right pars triangularis (d=-.51; d=-.45 respectively). 

Significant reductions in the right lateral occipital gyrus (d=-.51) and bilateral superior frontal 

region (left d= -.49; right d= -.48) were also seen in Compromised patients relative to Deteriorated 

patients.   

 

Regional cortical thickness and surface area 
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Figure 2b shows the effect size maps for comparisons of cortical thickness for regions 

surviving FDR correction. Table 3 quantifies the regions that significantly differed in cortical 

thickness between groups. 

Subgroups vs. controls:  No surface area abnormalities were evident in any of the subgroups. 

A significantly thinner cortex was evident for all subgroups in the left rostral anterior cingulate and 

right supramarginal gyrus, as well as regions of the lateral and medial orbitofrontal cortex, inferior 

frontal, caudal and rostral middle frontal, superior frontal, precentral, inferior temporal, middle 

temporal and fusiform gyri, and the superior temporal, temporal pole and insula bilaterally.  

Significant thickness reductions in the right parahippocampal and left supramarginal gyri were 

evident in Compromised patients only. On the other hand, thickness reductions in the right caudal 

anterior cingulate and left precuneus was evident only in the Deteriorated patients, while reductions 

in the left isthmus of the cingulate was seen only in the putatively Preserved patients and not in 

other groups. Both Compromised and Deteriorated patients had significantly thinner right inferior 

parietal cortex, left parahippocampal gyrus and left entorhinal cortex that was not evident in the 

putatively Preserved group. The Deteriorated and putatively Preserved groups showed significant 

reductions in the left bank of the superior temporal sulcus and the right transverse temporal cortex 

not seen in the Compromised patients. Greater effect size differences were seen in the 

Compromised patients (range of d= 0.1 to -1.11) vs. Deteriorated (range of d=-.24 to -.77) and 

putatively Preserved patients (range of d=-.11 to -.52) in half of the regions surviving correction. 

Subgroup comparisons: Relative to Deteriorated and putatively Preserved patients, 

Compromised patients had significantly thinner cortex in the left rostral anterior cingulate (d=-.44; 

d=-.36 respectively) and the left parahippocampal gyrus (d= -.47; d=-.83 respectively). 

Significantly thinner cortex was also seen in the right temporal pole in the Compromised group 

relative to Deteriorated patients (d=-.41).  

 

Discussion 
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In this study we sought to determine the relationship between cognitive functioning and 

brain structure in schizophrenia/schizoaffective disorder, by examining whether structural 

abnormalities could differentiate three cognitive subgroups manifesting putatively differing 

cognitive trajectories of the disorder 6, 8. While reduced ICV in Compromised patients was found, it 

was of a small magnitude, did not reach statistical significance and failed to support our hypothesis. 

Rather, we found evidence for reduced TBV (adjusting for ICV) in all subgroups compared with 

controls. It has been argued that ICV and TBV are markers of neurodevelopment and 

neurodegeneration respectively 9. This is due to the similar rate of increase in both measures prior to 

the teenage years, where, after reaching a critical point, there is a divergence in trajectory as 

represented by a decline in TBV in the context of relative stability in ICV over time 25. Recent work 

9, 13 shows that ICV reductions are present in psychosis patients with cognitive impairments 

presumed to originate prior to illness onset (indicating hypoplasia), whereas TBV reductions are 

evident in patients with cognitive impairments presumed to originate after illness onset (indicating 

atrophy). Our results did not clearly support these findings and our index of abnormal brain 

development (ICV) did not map onto our index of abnormal cognitive development (patients with 

premorbid IQ deficits).  Instead, all of our cognitive subgroups appeared to be susceptible to some 

brain atrophy. Thus, hypoplasia, and subsequently, the notion of a static encephalopathy in 

Compromised patients do not appear to be well-supported here. However, there are differences 

between ours and the previous studies that may account for these discrepant results*. 

For example, disparate cognitive tests and clustering methods may have yielded different 

boundaries for defining cognitive subgroups; the studies of both Woodward and Heckers9 and 

Czepielewski et al.13 used composite scores from cognitive batteries tapping several broad cognitive 

domains to group patients into cognitively impaired or unimpaired samples based on whether 

premorbid IQ or the discrepancy between premorbid and current cognition was above or below the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
*!The discrepancy between our results and previous work is not likely to be explained by differences in the measures 

used to assess ICV and TBV, given that we re-ran our analyses using voxel-based morphometry-generated values 
calculated with the same method as Woodward and Heckers, and the findings did not change (supplementary Table 2).!
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10’th percentile of the control distribution. In contrast, our subgroups were generated via a data-

driven statistical clustering method based on performance on three separate memory and attention-

indexing cognitive tests as well as premorbid IQ score, which resulted in three groups initially. As a 

result, the proportion of patients classified into the putatively Preserved, Deteriorated and 

Compromised subgroups in our cohort was less evenly distributed than that of the other samples; 

respectively, Woodward and Heckers reported distributions of n= 41, 52, 38 and Czepielewski et al. 

reported distributions of n=25, 31, 36. In contrast our distributions were n=73, 100 and 47. While 

the proportion of putatively Preserved patients was similar across studies (33% vs. 31% and 27%) 

and therefore seemingly representative of the schizophrenia/schizoaffective population, our 

classification resulted in a lesser number of patients being classified as Compromised (21% vs. 29% 

and 39%). This suggests that our cohort was either a cognitively higher functioning cohort in 

general, or a cohort whose current cognitive impairments were not tapped to the same extent as the 

other studies. 

Given the lack of statistical evidence for ICV reductions in any of the subgroups in our data, 

it is perhaps not surprising that there was also an absence of differences in surface area between 

groups. Surface area is influenced by the number of ontogenetic cortical columns orientated 

perpendicular to the brain’s surface; which are established during early foetal development through 

the migration of neurons from the ventricular zone to their columnar location 26, 27. Surface area 

therefore has early neurodevelopmental relevance, which does not appear to be of substantial 

influence on our data.  Rather, maturational and/or adult neurodegenerative processes may be more 

significant contributors to the neural tissue underpinnings of all cognitive subgroups represented in 

our sample.  

Indeed, cortical thickness and volume in schizophrenia are known to be susceptible to 

accelerated ageing and are associated with cognitive decline in neurodegenerative diseases 22, 28-31.  

In all of our subgroups we saw global and regional volume and thickness abnormalities. While the 

volume abnormalities in the Deteriorated group were less widespread than anticipated on the basis 
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of a recently published study 5, as expected, the pattern of both volume and thickness reductions 

was qualitatively and quantitatively most pronounced in Compromised patients in neural tissue 

across all four lobes, particularly in the orbital, inferior (pars triangularis) and superior frontal, 

temporal (parahippocampus, temporal pole) and occipital regions (volume) as well as the left 

parahippocampus and rostral anterior cingulate (thickness). The Compromised group also had 

smaller volumes and thickness in a number of regions not evident in the other groups; including in 

the left superior and middle frontal areas, left anterior and inferior temporal areas and right lateral 

medial and inferior frontal, occipital and superior temporal areas (volume), as well as the right 

parahippocampal and left supramarginal gyri (thickness).  

The pattern of more prominent structural abnormalities in the subgroup with the most 

marked cognitive impairments - both currently and prior to illness onset, is consistent with the 

concept of schizophrenia as a progressive neurodevelopmental disorder 32. It also fits with the 

concept and implications of variability in cognitive reserve; which describes the protective effect 

that higher premorbid intellect (reserve) has against age/illness-related degeneration of neural and 

cognitive processes. Proxies of cognitive reserve include performance on crystallized intelligence 

tests such as the WTAR, which tap into intellectual functions theoretically immune to age/illness-

related decline.  Lower performance on such tests, and thus, lower cognitive reserve, is thought to 

confer greater liability for cognitive and brain degeneration because the extent to which 

compensatory mechanisms (associated with pre-existing cognitive processes) can be enlisted to 

cope with age/illness-related pathology is reduced 33, 34.  In healthy adults, reduced cognitive reserve 

has been linked to exaggerated brain structural abnormalities, as well as reduced protection against 

the detrimental effects of these abnormalities on cognitive performance 35. Since below-average 

premorbid IQ in the Compromised group represents a marker of poor premorbid cognitive reserve 

capacity, it is not surprising that this group demonstrated the most pronounced brain abnormalities 

in several regions including the hippocampal complex; an area of reduced neurogenesis 36 and that 
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is known to be at increased risk of illness and age-related decline and degeneration in healthy, 

psychiatric and neurological disorder groups 37-39.   

Critically, an indirect association between cognitive impairment and brain structural 

abnormalities was evident in our data, as both cognitively impaired patient groups did show specific 

volume and thickness reductions in circumscribed areas that were not seen in the putatively 

Preserved patients. However, our Preserved patients also had structural deficits in several other 

regions including in the superior frontal gyrus, superior inferior temporal gyri and inferior parietal 

lobule that were unexpected, since previous studies 5, 9, 13 reported reduced TBV and/or total gray 

and cortex volume in Preserved patients but not sizeable localised grey matter volume reductions.  

The inconsistencies in results may relate to differences in the mean age of the Preserved samples 

across studies; our putatively Preserved group was somewhat older than the previous studies, and its 

illness duration was almost double that reported by Woodward and Heckers. Thus, a potentially 

greater impact of age and/or schizophrenia-related tissue decline in the putatively Preserved patients 

in our data may partially explain the present findings. Given that age was significantly associated 

with brain structural deficits (most global and local thickness, surface area and volume estimates) in 

the current study (data not shown), this remains a strong possibility.   

Another important consideration relates to whether the Preserved patients assessed here are 

in fact, truly ‘preserved’.  This may not necessarily be the case, since recent work shows that the 

association between intellectual functioning and the risk for schizophrenia is strongly predicted by 

the extent to which patients deviate from their familial cognitive aptitude, rather than their observed 

cognitive achievement 40. Further, evidence indicating that neuropsychologically ‘normal’ 

schizophrenia patients perform worse on cognitive tests than their unaffected monozygotic twins 

suggests that such patients deviate from what would be expected of their performance based upon 

genetic predisposition 41. When framed in this context it is plausible that the structural brain 

abnormalities observed in the putatively Preserved group here, represent the neural underpinnings 

of subtle cognitive impairments or a pathology-related cognitive decline that is not adequately 
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captured by the current experimental design. Further work is required to explore this notion further.  

Nonetheless, it may explain the thinning and volume reductions evident in both cognitively 

impaired and unimpaired patients.  

Our findings should be considered in the context of a number of limitations. Firstly, given 

limited medication data available in the ASRB (including dosing information), we were unable to 

adequately assess the effects of medication in the sample. However, previous work in this cohort 

has shown that antipsychotic medication is not correlated to cortical volumes 31. Secondly, 

exclusion criteria in the ASRB precluded recruitment of patients with estimated premorbid IQ’s of 

less than 75. It is possible that even more pronounced differences would have been evident, 

including in ICV, had more severely premorbidly intellectually impaired patients been included in 

the analysis. Finally, distinctions between Compromised and Deteriorated patients are dependent on 

the assumption that differences between premorbid estimates and current cognition estimates 

represent actual cognitive decline over time. Despite evidence verifying the WTAR as a 

representative measure of premorbid IQ 42, the cross-sectional nature of our study limits the extent 

to which this assumption can be established.  

Despite this, our study is the largest of its kind to examine structural brain-cognition 

relationships through cognitive subgroups in schizophrenia/schizoaffective disorder, in the context 

of putative neurodevelopmental and neurodegenerative influences. Although our findings suggest 

that cortical volume and thickness reductions are present in all cognitive subgroups, the overall 

pattern of findings does appear to have some relevance in distinguishing them; with Compromised 

patients demonstrating greater abnormalities in specific regions and potentially representing the 

manifestation of a greater impact of neurodegenerative processes. As no correlations were evident 

between negative symptom severity and any imaging measure, these brain structural differences are 

unlikely to be a simple reflection of differences in the severity of illness. Further work is needed to 

determine the extent to which these results replicate using similar cognitive batteries and in similar 

sized samples. 
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Table 1.  Demographic characteristics of the sample 

asignificant at p<.05. Abbreviations: CIQ=Compromised patients; DIQ = Deteriorated patients; PIQ= putatively Preserved patients 
 

 

 

 

 

 

 

 

 

Table 2. Group comparisons of subcortical and regional cortical volumes for regions surviving FDR correction!

 CIQ  (n=47) DIQ (n=100) PIQ (n=73) HC (n=168) Comparisons  
Gender (% Male) 74 69 74 48 χ2(3)=23.06, p<.001  
Diagnostic distribution (% SZ) 82 86 81 - χ2(2)=.53, p=.77  
Medications (% using)       
  Anticholinergic  13 8 1  χ2(2)=6.25, p=.04  
  Anticonvulsant  11 18 12  χ2(2)=1.83, p=.40  
  Antidepressant  32 35 33  χ2(2)=.17, p=.92  
  Atypical antipsychotics  85 81 84  χ2(2)=.43, p=.81  
  Typical antipsychotics  13 7 11  χ2(2)=1.50, p=.48  
  Anxiolytic  9 20 3  χ2(2)=12.69, p=.002   
  Lithium  2 8 0  χ2(2)=7.47, p=.02  
 M(SD) M(SD) M(SD) M(SD) Comparisons Post-hoc comparisonsa 
Age 37.30 (8.45) 36.05 (9.33) 40.06 (10.97) 39.74(13.74) F(3,384)=2.88, p=.036 PIQ>DIQ 

DIQ<HC 
Illness duration 13.59(9.85) 13.31(7.71) 16.25(10.54) - F(2,217)=2.64, p=.074 PIQ > DIQ 
Positive symptoms - current 2.29(2.93) 1.88(2.56) 1.30(2.38)  F(2,189)=2.08, p=.13 - 
Negative symptoms 35.00(20.53) 24.55(17.18) 22.66(14.87)  F(2,205)=7.89, p<.001 CIQ>DIQ&PIQ 
GAF 44.68(11.79) 55.13(11.33) 56.39(12.50) 84.48(9.46) F(3,354)=242.48, p<.001 CIQ<DIQ=PIQ<HC 



    LH    RH    
 Region  ANCOVAa Sub-

group 
Mb SD Comparison to 

HCc 
 Dd Mb SD Comparison to 

HCc 
Dd 

Subcortical Putamen 
 

LH: 
F(3,377)=8.62, 
p<.001 
RH: 
F(3,377)=6.77, 
p<=.001 

CIQ 5596.05 504.16 >HC .43 5313.80 473.37 =HC .38 

  DIQ 5684.85 495.20 >HC! .61 5404.99 486.30 >HC .56 
  PIQ 5598.80 494.47 >HC! .44 5296.83 485.50 =HC .34 
  HC 5378.68 504.79 -  5131.10 495.59 -  

 Pallidum 
 

LH: 
F(3,377)=12.39, 
p<.001 
RH: 
F(3,377)=7.095, 
p<.001 

CIQ 1783.80 193.03 =HC .36 1624.20 183.31 >HC .43 

  DIQ 1856.06 189.60 >HC! .74 1631.41 180.00 >HC .47 
  PIQ 1818.51 189.25 >HC! .54 1641.47 179.46 >HC .53 
  HC 1714.56 193.23 -  1545.49 183.52 -  

 Hippocampus 
 

LH: 
F(3,377)=11.02, 
p<.001 
RH: 
F(3,377)=8.18, 
p<.001) 

CIQ 4002.47 361.13 <HC&DIQ -.86e 4124.79 370.79 <HC&DIQ -.77e 

  DIQ 4163.72 354.70 <HC! -.58 4300.02 364.20 <HC! -.30 
  PIQ 4120.41 354.15 <HC! -.54 4245.81 363.63 <HC! -.45 
  HC 4313.05 361.45 -  4409.29 371.17 -  

Cortical Fusiform 
 

LH: F(3,378) 
=3.26, p=.02 
RH: 
F(3,378)=4.86, 
p=.002 

CIQ 10071.56 1322.46 =HC -.42e 9572.05 1268.96 <HC -.52e 
 DIQ 10551.33 1300.50 =HC -.06 9929.30 1247.9 =HC -.24 
 PIQ 10199.49 1297.00 =HC -.32 9687.59 1245.47 <HC -.43 
 HC 10625.40 1324.51 -  10227.88 1270.86 -  

 Inferior Parietal 
 

LH: F(3,378) 
=6.24, p<.001 
 

CIQ 13080.66 1847.10 <HC -.51 16014.79 2193.64 -  
 DIQ 13374.66 1816.5 <HC! -.05 16407.21 2157.73 -  
 PIQ 13075.90 1812.96 <HC! -.51 16222.73 2153.10 -  
 HC 14019.13 1849.91 -  16717.04 2197.11 -  



    LH    RH    
 Region  ANCOVAa Sub-

group 
Mb SD Comparison to 

HCc 
 Dd Mb SD Comparison to 

HCc 
Dd 

 Inferior Temporal 
 

LH: F(3,378) 
=3.62, p=.01 
RH: 
F(3,378)=3.43, 
p=.02 

CIQ 11242.91 1699.28 <HC -.52e 10849.87 1667.50 =HC -.44e 
 DIQ 11804.80 1671.0 =HC -.19 11312.06 1579.20 =HC -.16 
 PIQ 11651.84 1667.86 =HC -.28 11014.54 1576.14 <HC -.35 
 HC 12124.28 1701.91 -  11569.84 1608.34 -  

 Lateral Occipital 
 

RH: 
F(3,378)=4.2, 
p=.006 

CIQ 11692.94 1530.63 -  11632.60 1531.25 <HC&DIQ -.52e 
 DIQ 12099.35 1505.20 -  12400.87 1505.90 =HC -.02 
 PIQ 12191.40 1502.36 -  12008.64 1502.95 =HC -.23 
 HC 12487.08 1532.91 -  12432.30 1533.56 -  

 Lateral 
Orbitofrontal 
  

LH: F(3,378) 
=7.48, p<.001 
RH: 
F(3,378)=3.93, 
p=.009 
 

CIQ 7601.63 795.15 <HC&DIQ&PIQ -.79e 7643.29 851.04 <HC -.55e 

 DIQ 7981.65 782.00 <HC -.30 7887.34 836.90 =HC -.26 
 PIQ 8117.45 784.70 =HC -.18 7928.27 835.30 =HC -.21 
 HC 8216.70 769.39 -  8108.94 852.38 -  

 Medial 
Orbitofrontal 
 

RH: 
F(3,378)=5.25, 
p=.001 

CIQ 5488.09 709.93 -  5219.30 585.47 <HC -.66e 
 DIQ 5733.61 698.2 -  5488.51 575.80 =HC -.21 
 PIQ 5659.09 696.86 -  5498.74 574.66 =HC -.19 
 HC 5846.06 711.12 -  5608.69 586.31 -  

 Middle Temporal 
 
 

LH: F(3,378) 
=5.81, p=.001 
RH: 
F(3,378)=6.33, 
p<.001 

CIQ 11441.47 1525.77 <HC -.39 12547.31 1536.52 <HC -.52 
 DIQ 11467.48 1500.50 <HC -.38 12742.12 1511.10 <HC -.40 
 PIQ 11249.40 1497.57 <HC -.52 12600.20 1508.16 <HC -.49 
 HC 12035.68 1528.11 -  13344.91 1538.87 -  

 Parahippocampal 
 
 

LH: F(3,378) 
=4.00, p=.008 

CIQ 2069.54 320.17 <HC&DIQ&PIQ -.57e 1969.82 312.98 -  
 DIQ 2235.98 314.90 =HC -.05 2101.15 307.80 -  
 PIQ 2216.11 314.27 =HC -.11 2037.46 307.18 -  



    LH    RH    
 Region  ANCOVAa Sub-

group 
Mb SD Comparison to 

HCc 
 Dd Mb SD Comparison to 

HCc 
Dd 

 HC 2251.83 320.63 -  2108.74 313.50 -  

 Pars Opercularis 
 

RH: 
F(3,378)=3.44, 
p=.02 

CIQ 4903.83 890.43 - -.41 4103.53 714.04 =HC -.41e 
 DIQ 5075.91 875.70 - -.22 4158.74 702.20 =HC -.34 
 PIQ 5160.64 873.98 - -.13 4208.90 700.88 =HC -.27 
 HC 5273.59 891.78 -  4398.32 715.13 -  

 Pars Orbitalis 
 
 
 

LH: F(3,378) 
=4.70, p=.003 
RH: 
F(3,378)=4.80, 
p=.003 

CIQ 2217.42 304.96 <HC -.51e 2734.77 413.95 <HC -.46e 
 DIQ 2276.26 299.90 <HC -.32 2779.57 407.10 <HC -.36 
 PIQ 2254.05 299.33 <HC -.39 2758.69 406.25 <HC -.41 
 HC 2371.95 305.47 -  2926.06 414.59 -  

 Pars Triangularis 
 

RH: 
F(3,378)=5.56, 
p=.001 

CIQ 3604.94 606.29 -  4073.36 776.79 <HC&DIQ&PIQ -.68e 
 DIQ 3734.62 596.30 -  4463.13 763.90 =HC -.18 
 PIQ 3679.73 595.07 -  4422.19 762.37 =HC -.23 
 HC 3867.34 607.31 -  4603.04 777.99 -  

 Precentral 
 

RH: 
F(3,378)=4.61, 
p=.004 

CIQ 13091.18 1441.99 -  13097.08 1451.04 <HC -.54e 
 DIQ 13568.81 1418.1 -  13383.43 1427.00 <HC -.35 
 PIQ 13685.61 1415.33 -  13681.55 1424.22 =HC -.14 
 HC 13776.86 1444.26 -  13886.62 1453.33 -  

 Rostral Middle 
Frontal 
 

LH: F(3,378) 
=5.10, p=.002 
RH: 
F(3,378)=3.96, 
p=.008 
 

CIQ 15922.51 2075.34 <HC -.61e 16567.98 2077.95 <HC -.55e 
 DIQ 16637.01 2010.90 =HC -.27 17307.51 2043.50 =HC -.20 
 PIQ 16496.78 2036.97 =HC -.33 17175.91 2039.52 =HC -.26 
 HC 17183.04 2078.52 -  17721.57 2081.12 -  

 Superior Frontal 
 

LH: F(3,378) 
=5.01, p=.002 
RH: 

CIQ 22766.52 2459.90 <HC&DIQ -.63e 22033.16 2563.75 <HC&DIQ -.59e 
 DIQ 23967.29 2419.20 =HC -.14 23262.33 2521.30 =HC -.11 
 PIQ 23606.27 2424.51 =HC -.29 22728.39 2516.40 <HC -.32 



    LH    RH    
 Region  ANCOVAa Sub-

group 
Mb SD Comparison to 

HCc 
 Dd Mb SD Comparison to 

HCc 
Dd 

 F(3,378)=4.85, 
p=.003 
 

HC 24305.33 2463.70 -  23545.91 2567.76 -  

 Superior Temporal 
 

LH: F(3,392) 
=3.26, p=.009 
RH: 
F(3,378)=3.54, 
p=.02 
 

CIQ 12149.52 1457.95 =HC -.46e 11762.27 1409.80 <HC -.48e 
 DIQ 12563.03 1433.80 =HC -.18 12099.70 1386.50 =HC -.25 
 PIQ 12261.24 1431.05 <HC -.39 12021.85 1383.74 =HC -.30 
 HC 12822.84 1460.20 -  12444.80 1411.99 -  

 Supra Marginal 
 

RH: 
F(3,378)=5.12, 
p=.02 

CIQ 11606.79 1691.13 -  10446.57 1515.01 <HC -.53e 
 DIQ 11760.31 1663.10 -  10721.11 1489.90 <HC -.35 
 PIQ 11619.21 1659.92 -  10682.73 1487.07 <HC -.38 
 HC 11856.57 1693.74 -  11254.56 1517.36 -  

 Frontal Pole 
 

RH: 
F(3,378)=6.97, 
p<.001 

CIQ 800.39 163.92 -  1051.86 201.18 <HC -.61e 
 DIQ 840.99 161.20 -  1107.16 197.80 <HC -.34 
 PIQ 825.64 160.89 -  1072.84 197.44 <HC -.51 
 HC 845.13 164.20 -  1174.36 201.53 -  

 Temporal Pole 
 

LH: F(3,378) 
=5.52, p=.004 
 

CIQ 2473.33 403.88 <HC&DIQ&PIQ -.72e 2348.56 383.53 <HC -.53e 
 DIQ 2673.99 397.20 =HC -.22 2436.54 377.10 =HC -.31 
 PIQ 2644.84 396.43 =HC -.30 2426.84 376.44 <HC -.33 
 HC 2736.53 404.48 -  2553.89 384.13 -  
a All p’s thresholded at a False Discovery Rate of 5%.  
b All values are adjusted for age, gender, site and ICV 

c If a comparison is not reported, it did not survive post-hoc comparison correction.  = HC (healthy controls) implies no significant difference to HCs; < 
HC implies significant reductions relative to HCs 
d d = Cohen’s d effect sizes for patient-control comparisons. 
e represents qualitatively larger control-patient effect sizes in Compromised patients. 



Abbreviations: CIQ=Compromised patients; DIQ = Deteriorated schizophrenia patients; PIQ= putatively Preserved schizophrenia patients; LH left 
hemisphere; RH = right hemisphere 
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Table 3. Regional cortical thickness group comparisons for regions surviving FDR correction 
   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

Banks of Superior 
Temporal Sulcus  
 

LH: 
F(3,378)=5.79, 
p=.001 
RH: 
F(3,378)=3.00, 
p=.03 
 
 

CIQ 2.56 .14 =HC -.15 2.65 .14 =HC 0 

DIQ 2.50 .20 <HC -.47 2.61 .20 =HC -.24 

PIQ 2.51 .17 <HC -.46 2.60 .17 =HC -.33 

HC 2.58 .13 -  2.65 .13 -  

Caudal Anterior 
Cingulate 
 

RH: 
F(3,378)=3.40, 
p=.02 

CIQ 2.70 .21 -  2.62 .21 =HC -.17 

DIQ 2.66 .20 -  2.58 .20 <HC -.34 

PIQ 2.64 .26 -  2.60 .26 =HC -.23 

HC 2.68 .26 -  2.66 .26 =HC  

Caudal Middle Frontal 
 

LH: 
F(3,378)=9.15, 
p<.001 
RH: 
F(3,378)=5.77, 
p=.001 

CIQ 2.57 .14 < HC -.67e 2.57 .14 < HC -.59e 

DIQ 2.59 .10 < HC -.60 2.61 .10 < HC -.35 

PIQ 2.59 .09 < HC -.62 2.60 .17 < HC -.33 

HC 2.66 .13 -  2.65 .13 -  

Entorhinal 
 

LH: 
F(3,378)=5.39, 
p=.001 
 

CIQ 3.26 .34 <HC -.46e 3.43 .34 -  

DIQ 3.29 .30 <HC -.40 3.43 .40 -  

PIQ 3.32 .34 =HC -.30 3.45 .34 -  

HC 3.43 .39 -  3.54 .39 -  

Fusiform 
 

LH: 
F(3,378)=12.97, 
p<.001 
RH: 

CIQ 2.60 .14 < HC -.81e 2.60 .14 < HC -.81e 

DIQ 2.65 .10 < HC -.52 2.64 .10 < HC -.60 

PIQ 2.63 .17 < HC -.62 2.62 .17 < HC -.59 

HC 2.71 .13 -  2.71 .13 -  



   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

F(3,378)=11.60, 
p<.001 
 

Inferior Parietal 
 
 

LH: 
F(3,378)=2.99, 
p=.03 
RH: 
F(3,378)=4.06, 
p=.007 
 

CIQ 2.58 .14 =HC -.30 2.61 .14 <HC -.37 

DIQ 2.59 .10 =HC -.26 2.61 .10 <HC -.43 

PIQ 2.59 .17 =HC -.20 2.62 .17 =HC -.26 

HC 2.62 .13 -  2.66 .13 -  

Inferior Temporal 
 

LH: 
F(3,378)=12.88, 
p<.001 
RH: 
F(3,378)=10.45, 
p<.001 
 

CIQ 2.82 .14 < HC -.81e 2.84 .14 < HC -.74 

DIQ 2.85 .20 < HC -.69 2.85 .10 < HC -.78 

PIQ 2.82 .17 < HC -.73 2.87 .17 < HC -.46 

HC 2.93 .13 -  2.94 .13 -  

Isthmus Cingulate  
 

LH: 
F(3,378)=5.79, 
p=.001 
 

CIQ 2.53 .21 =HC -.23 2.45 .21 -  

DIQ 2.52 .20 =HC -.30 2.43 .20 -  

PIQ 2.46 .17 <HC -.73 2.44 .17 -  

HC 2.57 .13 -  2.49 .13 -  

Lateral Orbitofrontal 
 

LH: 
F(3,378)=17.28, 
p<.001 
RH: 
F(3,378)=15.51, 
p=.001 

CIQ 2.60 .14 < HC -1.11e 2.64 .14 < HC -.89e 

DIQ 2.65 .20 < HC -.59 2.67 .20 < HC -.53 

PIQ 2.64 .17 < HC -.73 2.65 .17 < HC -.73 

HC 2.75 .13 -  2.76 .13 -  



   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

 
Lingual 
 

RH: 
F(3,378)=3.14, 
p=.03 

CIQ 1.98 .14 -  2.02 .14 =HC -.37 

DIQ 1.99 .10 -  2.05 .10 =HC -.17 

PIQ 1.98 .09 -  2.03 .09 =HC -.66 

HC 2.01 .13 -  2.07 .13 =HC  

Medial Orbitofrontal 
 

LH: 
F(3,378)=9.52, 
p<.001 
RH: 
F(3,378)=11.50, 
p<.001 
 

CIQ 2.53 .14 < HC -.96e 2.50 .14 < HC -.89e 

DIQ 2.59 .20 < HC -.42 2.55 .20 < HC -.42 

PIQ 2.58 .17 < HC -.53 2.53 .17 < HC -.59 

HC 2.66 .13 -  2.62 .13 -  

Middle Temporal 
 

LH: 
F(3,378)=13.14, 
p<.001 
 

CIQ 2.92 .14 < HC -.67 2.95 .14 < HC -.74 

DIQ 2.91 .10 < HC -.86 2.96 .10 < HC -.77 

PIQ 2.90 .17 < HC -.73 2.98 .17 < HC -.46 

HC 3.01 .13 -  3.05 .13 -  

Parahippocampal 
 

LH: 
F(3,378)=7.71, 
p<.001 
RH: 
F(3,378)=11.21, 
p<.001 

CIQ 2.46 .34 <HC & DIQ 
& PIQ 

-.83e 2.53 .27 <HC -.49e 

DIQ 2.61 .30 < HC -.36 2.59 .30 =HC -.25 

PIQ 2.64 .34 =HC -.23 2.60 .26 =HC -.23 

HC 2.71 .26 -  2.66 .26 -  

Pars Opercularis 
 

LH: 
F(3,378)=6.42, 
p<.001 
RH: 
F(3,378)=13.80, 

CIQ 2.58 .14 < HC -.59e 2.59 .14 < HC -.34e 

DIQ 2.60 .10 < HC                                                 -.52 2.61 .10 < HC -.25 

PIQ 2.59 .17 < HC -.46 2.60 .17 < HC -.27 

HC 2.66 .13 -  2.70 .13 -  



   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

p<.001 
 

Pars Orbitalis 
                   

LH: 
F(3,378)=13.81, 
p<.001 
RH: 
F(3,378)=7.90, 
p<.001 
 
 

CIQ 2.74 .21 < HC -.59 2.78 .21 < HC -.51e 

DIQ 2.77 .20 < HC -.47 2.81 .20 < HC -.39 

PIQ 2.73 .17 < HC -.68 2.80 .17 < HC -.46 

HC 2.88 .26 -  2.90 .26 -  

Pars Triangularis 
 

LH: 
F(3,378)=8.72, 
p<.001 
RH: 
F(3,378)=8.76, 
p<.001 
 

CIQ 2.53 .14 < HC -.59e 2.55 .14 < HC -.59 

DIQ 2.52 .20 < HC -.53 2.57 .10 < HC -.52 

PIQ 2.53 .17 < HC -.53 2.54 .17 < HC -.59 

HC 2.61 .13 -  2.63 .13 -  

Posterior Cingulate 
 

LH: 
F(3,378)=3.41, 
p=.02 
 
 

CIQ 2.57 .14 =HC -.37e 2.53 .14 -  

DIQ 2.57 .20 =HC -.30 2.53 .10 -  

PIQ 2.57 .17 =HC -.33 2.54 .17 -  

HC 2.62 .13 -  2.56 .13 -  

Precentral 
 

LH: 
F(3,378)=4.28, 
p=.005 
RH: 
F(3,378)=4.88, 

CIQ 2.46 .14 < HC -.44e 2.45 .14 < HC -.52e 

DIQ 2.47 .10 < HC -.43 2.47 .10 < HC -.43 

PIQ 2.47 .17 < HC -.33 2.47 .17 < HC -.33 

HC 2.52 .13 -  2.52 .13 -  



   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

p=.002 
 

Precuneus 
 

LH: 
F(3,378)=3.67, 
p=.01 
 

CIQ 2.41 .14 =HC -.44e 2.41 .14 -  

DIQ 2.43 .10 <HC -.34 2.43 .10 -  

PIQ 2.46 .09 =HC -.09 2.45 .09 -  

HC 2.47 .13 -  2.46 .13 -  

Rostral Anterior 
Cingulate 
 

LH: 
F(3,378)=6.65, 
p<.001 
 

CIQ 2.83 .21 < HC & DIQ 
& PIQ 

-.68e 2.96 .21 -  

DIQ 2.92 .20 < HC -.30 2.97 .20 -  

PIQ 2.92 .26 < HC -.27 3.01 .17 -  

HC 2.99 .26 -  3.02 .26 -  

Rostral Middle Frontal 
 

LH: 
F(3,378)=7.36, 
p<.001 
RH: 
F(3,378)=7.42, 
p<.001 
 

CIQ 2.47 .14 < HC -.59 2.48 .14 < HC -.59e 

DIQ 2.50 .10 < HC -.43 2.52 .10 < HC -.34 

PIQ 2.48 .09 < HC -.63 2.50 .09 < HC -.54 

HC 2.55 .13 -  2.56 .13 -  

Superior Frontal 
 

LH: 
F(3,378)=5.86, 
p<.001 
RH: 
F(3,378)=9.44, 
p<.001 

CIQ 2.77 .14 < HC -.74e 2.76 .14 < HC -.81e 

DIQ 2.82 .10 < HC -.43 2.81 .10 < HC -.52 

PIQ 2.81 .17 < HC -.40 2.80 .17 < HC -.46 

HC 2.87 .13 -  2.87 .13 -  

Superior Temporal 
 

LH: 
F(3,378)=8.97, 
p<.001 
RH: 

CIQ 2.77 .14 < HC -.59 2.79 .14 < HC -.81e 

DIQ 2.78 .10 < HC -.60 2.82 .10 < HC -.69 

PIQ 2.76 .17 < HC -.59 2.80 .17 < HC -.66 

HC 2.85 .13 -  2.90 .13 -  



   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

F(3,378)=14.82, 
p<.001 

SupraMarginal 
 

LH: 
F(3,378)=3.65, 
p=.01 
RH: 
F(3,378)=7.06 
p<.001 

CIQ 2.61 .14 <HC -.52e 2.61 .14 < HC -.59e 

DIQ 2.64 .10 =HC -.34 2.63 .10 < HC -.52 

PIQ 2.65 .17 =HC -.20 2.63 .17 < HC -.40 

HC 2.68 .13 -  2.69 .13 -  

Frontal Pole 
 

RH: 
F(3,378)=4.56, 
p=.004 

CIQ 2.90 .27 -  2.84 .27 <HC -.42 

DIQ 2.96 .30 -  2.87 .30 =HC -.28 

PIQ 2.88 .26 -  2.83 .26 <HC -.46 

HC 2.96 .26 -  2.95 .26   

Temporal Pole 
 

LH: 
F(3,378)=5.28, 
p=.001 
RH: 
F(3,378)=7.85, 
p<.001 
 

CIQ 3.55 .34 < HC -.52 3.66e .34 < HC & DIQ -.73e 

DIQ 3.68 .30 < HC -.17 3.79 .30 < HC -.32 

PIQ 3.61 .34 < HC -.36 3.74 .34 < HC -.46 

HC 3.74 .39 -  3.88 .26 -  

Transverse Temporal 
 

RH: 
F(3,378)=4.33, 
p=.005 

CIQ 2.41 .21 - -.13 2.43 .21 =HC -.25 

DIQ 2.38 .20 - -.26 2.42 .20 <HC -.30 

PIQ 2.38 .17 - -.27 2.39 .17 <HC .46 

HC 2.44 .26 -  2.49 .26 -  

Insula 
 

LH: 
F(3,378)=12.28, 
p<.001 
RH: 

CIQ 3.03 .14 < HC -.74 3.00 .21 < HC -.57 

DIQ 3.06 .20 < HC -.42 3.02 .20 < HC -.47 

PIQ 3.02 .17 < HC -.73 3.00 .17 < HC -.66 

HC 3.13 .13 -  3.10 .13 -  



   LH    RH    
Region ANCOVAa Sub-

group 
Mb SD Comparison 

to HCc 
dd Mb SD Comparison 

to HCc 
dd 

F(3,378)=8.86, 
p<.001 

a All p’s thresholded at a False Discovery Rate of 5%.  
b All values are adjusted for age, gender, site  

c If a comparison is not reported, it did not survive post-hoc comparison correction.  = HC (healthy controls) implies no significant difference to HCs; < 
HC implies significant reductions relative to HCs 
d d = Cohen’s d effect sizes for patient-control comparisons. 
e represents qualitatively larger control-patient effect sizes in Compromised patients. 

Abbreviations: CIQ=Compromised patients; DIQ = Deteriorated schizophrenia patients; PIQ= putatively Preserved schizophrenia patients; LH left 
hemisphere; RH = right hemisphere 
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Figure 1.  Mean differences in Global brain measures that survived FDR correction across healthy controls (HC), Compromised patients (CIQ), Deteriorated 
patients (DIQ) and Preserved patients (PIQ). LH=left hemisphere; RH=right hemisphere; Vol = volume; ~TBV co-varying for ICV; Error bars represent 
standard errors. Global volume analyses adjusted for ICV, age, gender and site. Thickness analyses adjusted for age, gender and site 
 
a different to HC (p<.05 FDR corrected)   
b CIQ different to DIQ only (p<.05 FDR corrected  
c CIQ different to DIQ and PIQ (p<.05 FDR corrected) 
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Figure 2. Patient-control effect size differences for regions surviving FDR correction. Panel A: regional cortical volume; Panel B: regional cortical 
thickness; i) Compromised cognitive subgroup (CIQ); ii) Deteriorated cognitive subgroup (DIQ); iii) Preserved cognitive subgroup (PIQ). Note that the 
left of each panel = left hemisphere, right = right hemisphere, top = lateral view, bottom = medial view. FDR correction at p<.05 was applied to between-
groups comparisons for each modality for left and right hemispheres separately (34 comparison per hemisphere per modality). Post-hoc pairwise 
comparisons of each region surviving the between-groups correction were also corrected. Regions that did not survive correction were assigned a value of 
0. Colour bar represents Cohen’s d values, with all subgroups showing reductions in volume or thickness compared to controls.!

A 

B 
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Supplementary material 

Participant characterisation 

Neuroimaging data from 220 patients with schizophrenia/schizoaffective 
disorder and 168 healthy controls aged 18-65 was obtained from the Australian 
Schizophrenia Research Bank (ASRB), a register of research data collected by 
scientific collaborators across five Australian sites. ASRB exclusion criteria for 
participants included: i) a history of organic brain disorder, ii) electroconvulsive 
therapy in the previous 6 months, iii) current substance dependence, iv) movement 
disorders, v) brain injury with post-traumatic amnesia or vi) an IQ < 70. Healthy 
controls with a personal or family history of psychosis or bipolar I disorder were also 
excluded. Detailed information regarding the consent procedures are available 
elsewhere 1. The Diagnostic Interview for Psychosis 2 was used to obtain clinical 
symptom ratings and confirm patient diagnoses according to ICD-10 or DSM-IV 
criteria. The Scale for the Assessment of Negative Symptoms 3 was used to assess 
negative symptoms.  

 

Freesurfer processing 

Image processing was conducted using the Freesurfer software package (version 
5.1.0, http://surfer.nmr.mgh.harvard.edu/), which consists of a volume-based and a 
surface-based stream5-8. The automated volume-based stream was used to extract 
mean volume estimates for ICV (estimate based on the talairach transform), TBV 
(brain segmentation volume without ventricles) and subcortical and cortical areas 
across the whole brain.  The surface-based pipeline was used to extract cortical 
thickness and surface area measurements through the reconstruction of a three-
dimensional cortical surface model. This includes segmentation of the pial surface and 
the grey/white matter boundaries for each hemisphere, using image intensity and 
continuity information from the MRI volume. Surfaces were initially inspected for 
skull stripping and surface boundary defects. Inaccuracies in outlining cortical 
surfaces and brain structures were manually corrected with Freesurfer’s editing tools 
in accordance with an internal, standardized quality control and editing protocol. 
Edited images were then reprocessed through the Freesurfer pipeline and the output 
visually inspected again. This process was repeated until all surface errors were 
corrected, and any images that failed this process were excluded from analysis. Four 
trained raters performed the Freesurfer processing and manual correction, blind to 
participant diagnosis. Inter-rater reliability of the final volume estimates (after 
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correction) was calculated for 34 brain regions from a subset of 20 volumes. The 
intra-class coefficient (ICC) was >.90 for all regions except for the left (0.72) and 
right (0.59) temporal pole and the left (0.81) and right (0.82) frontal pole. 

Thickness measures were obtained by calculating the shortest distance 
between the grey/white matter boundary and the pial surface at vertices on a uniform 
triangular grid with 1mm spacing across the cortex. The surface area was obtained 
using the shortest distance between vertices on the white surface. All global, 
subcortical and cortical measurements were extracted using Freesurfer version 5.3 due 
to the ‘BrainSegNotVent’ (TBV measure) not being provided with version 5.1. All 
regional cortical measurements were obtained using the Desikan-Killiany brain atlas9.  
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eFigure 1. Premorbid and current cognitive functioning in controls and patients of the three cognitive subgroups in the imaging sample.  

CIQ=Compromised patients; DIQ = Deteriorated patients; PIQ= putatively Preserved patients; HC= healthy controls. Z scores are standardised 
against control means and standard deviations (M=0, SD=1) 
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Supplementary Table 1. Comparisons of ICV, TBV and ICV adjusted for TBV as well as global brain structural volume and thickness estimates 
for regions surviving FDR correction. 
Measure ANCOVA Sub-group M SD dc Comparison 

ICVa F(3,378)=.64, p>.05 CIQ 1591372.09 125257.67 -.21d - 

  DIQ 1611178.57 123211.70 -.05 - 

  PIQ 1600990.95 122396.35 -.13 - 

  HC 1617294.57 125481.18   

TBVa F(3,378)=2.48, p>.05 CIQ 1147212.98 96778.72 -.41d - 

  DIQ 1168923.91 95175.10 -.19 - 

  PIQ 1161794.74 94990.25 -.26 - 

  HC 1186722.47 96928.10   

TBV (adjusted for ICV) 
 

F(3,378)=4.31, p=.005 CIQ 1159778.03 43210.01 -.70d <HC 

DIQ 1167069.29 42195.70 -.48 <HC 

PIQ 1167650.56 42382.48 -.46 <HC 

HC 1181409.03 4324.08  - 

LH Cortex Volume 
 

F(3,377)=11.14, p<.001 CIQ 238850.13 11330.24 -.91d <HC&DIQ&PIQ 

DIQ 244718.10 11128.30 -.39 <HC 

PIQ 243795.41 11111.56 -.48 <HC 

HC 249139.70 11342.72  - 

RH Cortex Volume 
 

F(3,377)=11.02, p<.001 CIQ 239589.31 11604.56 -.91d <HC&DIQ&PIQ 

DIQ 245578.35 11397.80 -.40 <HC 

PIQ 245082.65 11380.66 -.44 <HC 

HC 250180.09 11617.34  - 

Total Cortex Vol 
 

F(3,377)=11.24, p<.001 CIQ 478439.45 22763.99 -.92d <HC&DIQ&PIQ 

DIQ 490296.45 22358.30 -.40 <HC 
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Measure ANCOVA Sub-group M SD dc Comparison 

PIQ 488878.07 22324.67 -.46 <HC 

HC 499319.78 22788.99  - 

Total Gray Matter Vol 
 

F(3,377)=7.89, p<.001 CIQ 676700.32 28673.55 -.75d <HC&DIQ 

DIQ 687954.34 28162.50 -.36 <HC 

PIQ 686762.35 28120.08 -.40 <HC 

HC 698258.27 28704.97  - 

RH Thicknessb 
 

F(3,378)=14.47, p<.001 
 

CIQ 87.70 3.15 -.85d <HC 

DIQ 88.51 3.10 -.61 <HC 

PIQ 88.33 3.07 -.67 <HC 

HC 90.43 3.24  - 

LH Thicknessb 
 

F(3,378)=15.55, p<.001 

 

CIQ 87.19 3.08 -.88d <HC 

DIQ 88.03 3.10 -.61 <HC 

PIQ 87.70 3.07 -.72 <HC 

HC 89.92 3.11  - 

Total Thicknessb 
 

F(3,378)=14.62, p<.001 

 

CIQ 174.89 6.17 -.88d <HC 

DIQ 176.55 6.00 -.62 <HC 

PIQ 176.03 6.06 -.70 <HC 

HC 180.35 6.22  - 
a TBV and absolute did not survive FDR correction. All other p’s significant when thresholded using a False Discovery Rate of 5%;  
b Adjusted for age, gender, site. All other values adjusted for age, gender, site and ICV 
c Patient-control effect sizes in Cohen’s d 
d Qualitatively, CIQ show the greatest reductions relative to HC 

Abbreviations: CIQ=Compromised schizophrenia patients; DIQ = Deteriorated schizophrenia patients; PIQ=Preserved schizophrenia patients 
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Supplementary Table 2. Comparisons of ICV, TBV and ICV adjusted for TBV using Voxel Based Morphometry-generated values.  

 Effect Sub-
group 

M SD db 

ICV F(3,376)=.59, p>.05 CIQ 1452.27 111.18 -.20 c 
  DIQ 1470.94 108.80 -.04 
  PIQ 1462.62 108.12 -.11 
  HC 1474.93 110.16  
TBV F(3,376)=1.40, p>.05 CIQ 1220.90 102.00 -.31 c 
  DIQ 1240.74 99.80 -.12 
  PIQ 1233.77 99.15 -.19 
  HC 1252.73 101.09  
TBV (adjusted for 
ICV) 
 

F(3,375)=3.21, p>.05a CIQ 1235.53 28.77 -.41c 
DIQ 1238.93 28.10 -.30 
PIQ 1239.28 27.93 -.29 
HC 1247.40 28.51  

a Uncorrected value was significant at p<.05. No measures survived FDR correction (5% threshold)  
b Patient-control effect sizes in Cohen’s d 

c Qualitatively, CIQ show the greatest reductions relative to HC. 

Abbreviations: CIQ=Compromised schizophrenia patients; DIQ = Deteriorated schizophrenia patients; PIQ=Preserved schizophrenia patients; 
d= patient-control effect sizes in Cohen’s d.  
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