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Abstract

Purpose—Studies show that deficit syndrome schizophrenia patients, characterized by primary 

negative symptoms and poor functional outcome, have impairment in specific neural circuits. We 

assessed whether these same neural circuits are directly linked to functional outcomes across 

schizophrenia patients.
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Methods—T1- and diffusion-weighted MR images were obtained for schizophrenia (n=30) and 

matched healthy control participants (n=30). Negative symptoms and functional outcome were 

assessed at baseline and 6-month follow-up. Cortical thickness and tract-wise fractional anisotropy 

(FA) were compared between groups. To assess relationships of neuroimaging measures with 

functional outcome, principal component analysis (PCA) was performed on tract-wise FA values 

and components were entered into a multiple regression model for schizophrenia participants.

Results—Consistent with the literature, schizophrenia participants showed frontotemporal 

reductions in cortical thickness and tract-wise FA compared to controls. The top two components 

from PCA explained 71% of the variance in tract-wise FA values. The second component 

(associated with inferior longitudinal and arcuate fasciculus FA) was significantly correlated with 

functional outcome (baseline: β=0.54, p=0.03; follow-up: β=0.74, p=0.047); further analysis 

revealed this effect was mediated by negative symptoms. Post-hoc network analysis revealed 

increased cortical coupling between right inferior frontal and supramarginal gyri (connected by the 

arcuate fasciculus) in schizophrenia participants with poorer functional outcome.

Conclusions—Our findings indicate that impairment in the same neural circuitry susceptible in 

deficit syndrome schizophrenia predicts functional outcome in a continuous manner in 

schizophrenia participants. This relationship was mediated by negative symptom burden. Our 

findings provide novel evidence for brain-based biomarkers of longitudinal functional outcome in 

people with schizophrenia.
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1. Introduction

Schizophrenia is almost certainly a heterogeneous group of disorders for which specific and 

reliable neurobiological correlates have yet to be identified1,2. Schizophrenia is associated 

with a high risk of long-term disability and poor functional outcome (Breier A et al., 1991). 

In people with schizophrenia, more severe negative symptoms and cognitive deficits have 

independently been associated with poorer functional outcome (Blanchard et al., 2005; 

Green et al., 2000; Ho et al., 1998; Milev et al., 2005; Rosenheck et al., 2006). However, 

negative symptoms may mediate the relationship between neurocognition and functioning in 

schizophrenia (Ventura et al., 2009). Furthermore, negative symptoms predict variance in 

functional outcome in community dwelling outpatients above and beyond neurocognitive 

impairment (G Foussias et al., 2011; Foussias et al., 2009).

Inter-regional dysconnectivity and white matter impairment in schizophrenia has been well-

established through diffusion tensor imaging (DTI) studies (Kubicki et al., 2007; Wheeler 

and Voineskos, 2014). Fractional anisotropy (FA) is a validated measure of white matter 

tract microstructure in diffusion imaging studies and has been associated with 

neurobiological changes in animal models of schizophrenia such as abnormal expression of 

myelination genes (Fatemi and Folsom, 2009). In deficit syndrome schizophrenia, 

characterized by prominent negative symptoms and poor functional outcome (Carpenter et 
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al., 1988; Kirkpatrick B et al., 2001), specific impairments in white matter tract circuitry 

have been found in the uncinate fasciculus (Kitis et al., 2012; Aristotle N Voineskos et al., 

2013), inferior longitudinal fasciculus, and arcuate fasciculus (Aristotle N Voineskos et al., 

2013), which is supported by network-level properties (cortical thickness correlations) of 

regions connected by these tracts (Wheeler et al., in press) as well as whole-brain voxel-wise 

investigations of white matter alterations in deficit syndrome schizophrenia (Lei et al., 2015; 

Spalletta et al., 2015). Early studies assessing white matter microstructure-cognition 

relationships focused on a limited number of tracts, such as the cingulum bundle (Kubicki et 

al., 2003; Nestor et al., 2013; Takei et al., 2009) or the uncinate fasciculus (Kubicki et al., 

2002; Nestor et al., 2013). More recently, neurocognitive deficits have been associated with 

subtle, widespread tract impairment in schizophrenia (Lim et al., 2006; Spoletini et al., 

2009; Aristotle N. Voineskos et al., 2013). Despite the large number of DTI studies 

examining negative symptoms and neurocognitive performance, a direct link between white 

matter tract microstructure and functional outcome in schizophrenia patients is less well-

established, particularly over a period of time.

Using FA as a measure of white matter tract microstructure (Jones, 2008), our objective was 

to identify the neural circuitry that is related to baseline and longitudinal functional 

outcomes (using the Quality of Life Scale (QLS) (Heinrichs et al., 1984)) in people with 

schizophrenia. Our main hypotheses were: At baseline and 6-month follow-up, 1. FA of the 

uncinate fasciculus, arcuate fasciculus, and inferior longitudinal fasciculus in people with 

schizophrenia would be significantly correlated with functional outcome as indexed by total 

QLS score; 2. FA of these same tracts would be inversely correlated with negative symptom 

burden, measured using the Scale for the Assessment of Negative Symptoms (SANS) 

(Andreasen, 1983); and 3. Negative symptom burden would mediate the relationship 

between FA of these tracts and functional outcome in schizophrenia.

2. Methods

2.1 Participants

Participants were recruited and underwent clinical assessments at the Centre for Addiction 

and Mental Health (CAMH) in Toronto, Canada. After receiving a complete description of 

the study, approved by the CAMH ethics review board, participants provided written, 

informed consent. Participants with a DSM-IV diagnosis of schizophrenia or schizoaffective 

disorder, following administration of the Structured Clinical Interview for DSM-IV-TR Axis 

I Disorders and diagnostic confirmation by a trained psychiatrist (GF or ANV), comprised 

the schizophrenia sample. Schizophrenia (n=30) and healthy control (n=30) participants 

were individually matched on sex and handedness (categorized as left or right-handed based 

on the Edinburgh handedness inventory), and group-matched on age and parental level of 

education. Exclusion criteria for all subjects in this study included current substance use 

(verified by urine toxicology screen), history of substance dependence, head trauma with 

loss of consciousness, and neurological disorders. Healthy control subjects were also 

excluded if there was a history of primary psychotic disorder in a first-degree relative.

The Positive and Negative Symptom Scale (PANSS) (Kay et al., 1987) was administered to 

further characterize illness symptoms in the schizophrenia group. Negative symptoms of 
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schizophrenia participants were assessed using the Scale for the Assessment of Negative 

Symptoms (SANS) (Andreasen, 1983), cognitive function using the Repeatable Battery for 

the Assessment of Neuropsychological Status (RBANS) (Randolph et al., 1998), and 

functional outcome using the Quality of Life Scale (QLS) (Heinrichs et al., 1984). The 

SANS score was calculated excluding the Attention subscale from the total and 

inappropriate affect from the Affective Flattening subscale, as these symptoms are more 

closely associated with the disorganized symptom domain in schizophrenia (George 

Foussias et al., 2011). Similarly, the QLS total score excluded the Intrapsychic Foundations 

subscale, to eliminate overlap in item content of this subscale with measures of negative 

symptoms (Foussias et al., 2009; G Foussias et al., 2011). A number of other measures were 

administered to participants to further characterize the sample and to account for secondary 

negative symptoms. N=24 individuals also returned to repeat a number of assessments at 6-

month follow-up, including the SANS and QLS (see Supplementary Methods and Table 1).

2.2 Image Acquisition

Participants underwent magnetic resonance (MR) and diffusion tensor (DT) imaging at 

Toronto General Hospital. DT images were acquired with a single-shot spin echo planar 

sequence with diffusion gradients applied in 23 noncollinear directions (b=1000s/mm2). DT 

images, including two baseline (b=0) images, were obtained with the following scan 

parameters: echo time=85.5 milliseconds, repetition time=15 000 milliseconds, field of 

view=330 mm, acquisition matrix=128 mm × 128 mm. Fifty-seven axial slices were 

acquired, with a 2.6 mm slice thickness and isotropic voxels. The entire sequence was 

repeated 3 times to improve the signal to noise ratio. MR images were acquired using an 8-

channel head coil on a 1.5-Tesla GE Echospeed System (General Electric Medical Systems) 

with the following acquisition parameters: echo time=5.3 ms, repetition time=12.3 ms, time 

to inversion=300 ms, flip angle=20°, number of excitations=124 contiguous images with 1.5 

mm thickness.

2.3 Image Processing

For DTI analysis, the 3 repetitions were coregistered to the first b=0 image in the first 

repetition, using the FSL FMRIB Linear Image Registration Tool to concatenate the motion 

corrected images. Gradients were reoriented using a weighted least squares approach. 

Registration corrected eddy current distortions and subject motion while averaging the three 

repetitions to improve the signal to noise ratio. A brain mask was then generated and 

deterministic whole brain tractography (Runge-Kutta second order tractography with a fixed 

step size of 0.5 mm) was performed at seed points in each voxel of the brain. Threshold 

parameters for tractography were based on the linear anisotropy measure CL: Tseed=0.3 mm, 

Tstop=0.15 mm, Tlength=20 mm (Westin et al., 2002). Tractography, creation of white matter 

fiber tracts, and clustering segmentation were performed using 3D Slicer (version 2) and 

Matlab (version 7.0) as previously described (Voineskos et al., 2009). Clusters were then 

identified to comprise fiber tracts shown to be reliably segmented with this method 

(Voineskos et al., 2009): bilateral uncinate fasciculus, inferior fronto-occipital fasciculus, 

inferior longitudinal fasciculus, arcuate fasciculus, cingulum bundle, and the genu and 

splenium of the corpus callosum. For each white matter tract, mean measures of fractional 

anisotropy were calculated using Matlab. Mean diffusivity (MD), axial diffusivity (AD), and 
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radial diffusivity (RD) values were also calculated for each tract and reported in 

Supplementary Table 2; however, the number of gradient directions acquired in this study 

(23), while sufficient to measure fractional anisotropy, is less than the number required for 

robust measures of mean diffusivity, axial diffusivity, or radial diffusivity (Jones, 2004). 

The T1-weighted scans were submitted to the CIVET pipeline for cortical thickness analysis 

followed by structural correlation analysis (Supplementary Methods).

2.4 Statistical Analysis

Supplementary Figure 1 presents a clear flowchart of imaging and statistical analyses 

performed on our data.

2.4.1 Principal component analysis of 12 white matter tracts—In the baseline and 

follow-up schizophrenia samples, dimension reduction of FA values from the 12 

frontotemporal and interhemispheric white matter tracts was performed using a principal 

component analysis (PCA) with varimax rotation in SPSS (version 20.0.0, SPSS Inc.). The 

threshold for retaining components within each principal component was λ>1. This PCA 

was performed in preparation for examination of the relationship between white matter tract 

FA and QLS total scores, since there is well-established correlation of FA values among 

white matter tracts within each individual, and such dimension reduction reduces the number 

of comparisons in our main analyses.

2.4.2 Multiple Linear Regression Models—Using R (version 3.0.2), a regression 

model was investigated with principal component scores as independent variables; age, 

parental level of education, chlorpromazine equivalent dose, and duration of illness as 

covariates; and QLS total score as the outcome variable to test our primary hypothesis. 

Chlorpromazine equivalent dose and duration of illness were included as covariates to 

evaluate the effect of medication and chronic illness on brain structure. Regression models 

were similarly built with the SANS total score and RBANS total score as outcome variables 

to test whether to proceed with mediation. Principal component scores calculated using data 

from the individuals with 6-month follow-up data (n=24) were entered into similar 

regression models with follow-up QLS total score or SANS total score as the outcome 

variable. Age was not included as a covariate for the RBANS model, as the total score used 

was age-normed.

Where relationships were found with either the baseline SANS or RBANS total scores, 

exploratory analyses were then conducted with subscores. These analyses were not corrected 

for multiple comparisons.

2.4.3 Mediation Analysis—Mediation models were built, initially with baseline and 

subsequently with 6-month follow-up data, using the following specifications: independent 

variable = the second principal component; outcome variable = QLS total score; mediator = 

SANS total score; covariates = age, parental level of education, chlorpromazine equivalent 

dose, and duration of illness. The model was tested in the R program as outlined by Baron 

and Kenny's protocol (Baron and Kenny, 1986). The effect size (ab) of the mediator was 

calculated from the product of the partial correlations of each coefficient (a and b). The 
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Sobel test was conducted to test for significance of this effect. To further substantiate the 

model, reverse causal effects were assessed by testing a feedback model (switching the 

outcome and mediator variables). Moderation was also assessed by including an interaction 

term of the independent and mediator variables in the model and re-running the analysis.

3. Results

3.1 Brain structure and circuitry differences in schizophrenia

Schizophrenia participants showed modest reductions in white matter tract FA compared to 

healthy controls in the left uncinate fasciculus, left arcuate fasciculus, bilateral cingulum 

bundle, and genu of the corpus callosum. Similarly, schizophrenia participants were 

characterized by reductions in cortical thickness in a number of frontal and temporal regions 

(Supplementary Methods and Figure 2).

3.2 Data Reduction and Relationship of FA with Functional Outcome

The PCA generated two components with λ>1 in both the baseline (n=30) and follow-up 

(n=24) samples (in both samples 61% and 11% of the variance was explained by the first 

and second principal component, respectively). FA of a number of white matter tracts loaded 

on the first component (Supplementary Materials Table 1A and 1B), except for that of the 

inferior longitudinal and arcuate fasciculus (Figure 1), which loaded prominently on the 

second component (data reported for baseline and follow-up samples, respectively: left 

inferior longitudinal fasciculus loading=0.81 and 0.78, right inferior longitudinal fasciculus 

loading=0.85 and 0.82, left arcuate fasciculus loading=0.79 and 0.85, and right arcuate 

fasciculus loading=0.82 and 0.84, Supplementary Table 1). The first principal component 

was not significantly correlated with the QLS total (baseline β=−0.25, p=0.3; follow-up β=

−0.15, p=0.6) or SANS total score (baseline β=1.78, p=0.62; follow-up β=5.64, p=0.2, 

uncorrected). The second principal component was significantly correlated with the QLS 

total (baseline β=0.54, p=0.03; follow-up β=0.74, p=0.047) and SANS total scores (baseline 

β=−8.38, p=0.03; follow-up β=−11.3, p=0.01, uncorrected). There was no significant 

relationship between either principal component and the RBANS total score. Within the 

baseline sample, exploratory analyses showed that the second principal component was 

related to the SANS Avolition/Apathy (β=−2.05, p=0.05, uncorrected), and SANS 

Anhedonia/Asociality subscale scores (β=−2.61, p=0.04, uncorrected) in the baseline sample 

(Table 2).

3.3 Negative symptoms partially mediate the relationship between tract FA and 
longitudinal functional outcomes

As c’<c, partial mediation of the relationship between baseline tract FA and baseline QLS 

total score was observed (c, the total effect=0.59; c’, the direct effect=0.25). Similarly, 

partial mediation of the relationship between baseline tract FA and 6-month follow-up QLS 

total score in the follow-up sample was observed (c=0.75, c’=0.11). The SANS total score 

had an effect on the relationship between the second principal component and the QLS total 

score (effect size ab=0.3). This effect was found to be significant by the Sobel test (z=2.0, 

p=0.046). No reverse causal effects were seen in the feedback model (b=−8.25, c’=−3.89). 

The SANS total score was not found to be a moderator of the relationship between the 
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second principal component and the QLS total score (second principal component and 

SANS total score interaction term β=−0.007, p=0.65) (Figure 2).

Post-hoc analyses of structural covariance between cortical regions connected by the inferior 

longitudinal and arcuate fasciculus revealed that patients with poorer functional outcomes 

demonstrated significantly altered coupling between the right inferior frontal and 

supramarginal gyri (Supplementary Results and Figure 3).

4. Discussion

In this study, we found that that inferior longitudinal fasciculus and arcuate fasciculus FA 

(represented together as a principal component) were associated with functional outcome at 

both baseline and 6-month follow-up. This relationship was mediated by negative symptom 

burden. In the context of recent findings of inferior longitudinal and arcuate fasciculus 

impairment in deficit syndrome patients, who exhibit severe functional impairment, our 

present findings extend our previous work to a clinically heterogeneous group of 

schizophrenia participants that may be more representative of neuroimaging schizophrenia 

studies. Supporting this contention, comparisons between schizophrenia participants and 

healthy controls showed differences in brain structure and neural circuitry reflecting those 

previously reported (Crespo-Facorro et al., 2000; Kubicki et al., 2007; Onitsuka T et al., 

2003; Shenton et al., 2001; Wheeler and Voineskos, 2014). Therefore, on a preliminary 

basis, we can conclude that impairment in the inferior longitudinal and arcuate fasciculus 

may serve as a biomarker of functional outcome in people with schizophrenia that is stable 

over time.

Our study is one of the first to directly examine the relationship between white matter tract 

microstructure and functional outcome in a sample of schizophrenia participants. Supporting 

evidence for our findings come from an earlier study in prodromal patients (Karlsgodt et al., 

2009), which reported decreased FA in the left hippocampus and bilateral inferior 

longitudinal fasciculus as predictors of poor role functioning in individuals at ultra-high risk 

for psychosis, while decreased FA in the right inferior longitudinal fasciculus also predicted 

poor social functioning in ultra-high risk subjects. This was an important finding as it 

demonstrated the association between the functional decline seen in antipsychotic naïve 

prodromal patients and FA of the inferior longitudinal fasciculus early in the course of 

illness. More recently, Kumar et al (Kumar et al., 2014) reported that white matter tract 

microstructure of the right inferior fronto-occipital fasciculus, corpus callosum, corona 

radiata, left cingulate gyrus, and left posterior thalamic radiation predicted social and 

occupational performance in patients with psychosis. It is likely that these results differ from 

our findings due to the inclusion of both bipolar disorder patients (who typically do not have 

negative symptom burden) and schizophrenia patients.

To date, the link between white matter tract impairment and poor functional outcome in 

schizophrenia has primarily been supported indirectly through findings in deficit syndrome 

patients (Kitis et al., 2012; Rowland et al., 2009; Aristotle N Voineskos et al., 2013), who 

are known to have enduring primary negative symptoms and particularly poor long-term 

outcomes (Strauss et al., 2010). Neural circuitry of deficit syndrome patients has also been 
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explored using network analysis of cortical properties in schizophrenia (Wheeler et al., in 

press). Wheeler et al (Wheeler et al., in press) reported stronger frontoparietal and 

frontotemporal coupling in deficit syndrome patients compared to non-deficit syndrome 

patients and healthy control subjects. Our study results are consistent with this recent work, 

since in our post-hoc analysis, stronger frontoparietal coupling was found in participants 

with poorer functional outcome.

Analysis of our mediation model demonstrated that the relationship between white matter 

tract FA and functional outcome is mediated by negative symptoms. In schizophrenia, 

negative symptoms have been previously correlated with white matter tract impairment in 

frontal, temporal, and parietal regions (Asami et al., 2014; Kitis et al., 2012; Lee et al., 2013; 

Mitelman et al., 2009; Nakamura et al., 2012; Rowland et al., 2009; Sigmundsson et al., 

2001; Szeszko et al., 2008; Aristotle N Voineskos et al., 2013; Wolkin et al., 2003). It is 

likely that differences in methodologies and sample populations resulted in different patterns 

of results in these studies. Our statistical analysis features a dimension reduction method in 

order to explore the contribution of all white matter tracts, since there is well-established 

correlation of FA values among white matter tracts within each individual. We also used our 

group's validated tractography pipeline (Voineskos et al., 2009), whereas other studies have 

used voxel-based DTI, focused on a single tract of interest, or used tract-based spatial 

statistics and correlation analyses in their experimental design. Our study also presents data 

on an outpatient sample, while some studies include both inpatients and outpatients 

(Nakamura et al., 2012) or solely inpatients (Szeszko et al., 2008), which could account for 

differences in results.

There was no relationship between either principal component and neurocognitive 

impairment, as measured by the RBANS total score, in this schizophrenia sample. Our 

group has previously built on existing evidence for the relationship between neurocognition 

and neural circuitry by demonstrating that widespread impairment of white matter tracts is 

associated with cognitive performance in schizophrenia (Aristotle N. Voineskos et al., 

2013). Structural and functional studies show similar results, where cognitive performance is 

associated with a larger compensatory network of cortical (particularly frontal and temporal) 

brain regions in schizophrenia participants (Ehrlich et al., 2012; Tan et al., 2006). It is 

possible that in the current study we were underpowered to detect these relationships or that 

the use of a composite score to represent neurocognitive impairment resulted in a loss of 

information that may be necessary to identify the complex associations between neural 

circuitry and neurocognition.

Limitations of this study include the effects of medication on white matter tracts in the 

schizophrenia sample, as cumulative effects of medication is shown to cause reductions in 

white matter volumes (Ho et al., 2011) and decreased white matter FA in the parietal and 

occipital lobe (Szeszko et al., 2014). In an effort to account for this confounding variable, 

we included chlorpromazine equivalent dose as a covariate in our statistical analysis. 

Antipsychotic medication and duration of illness concerns are further mitigated given a 

previous similar finding in a prodromal sample (Karlsgodt et al., 2009). Furthermore, a 

future study with a larger sample size may enhance confidence in our findings and provide 
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further clarification regarding the absence of a relationship with neurocognitive deficits in 

the present study.

In summary, we found that impairment in the inferior longitudinal and arcuate fasciculus, 

both of which were identified as being implicated in deficit syndrome schizophrenia, are 

associated with functional outcomes across a more heterogeneous group of schizophrenia 

participants. The results of our study provide preliminary evidence for brain-based 

biomarkers of functional outcome in people with schizophrenia. If confirmed, our findings 

may assist in neuroimaging-guided early detection efforts and in determining long-term 

prognosis. Targeting the identified brain circuitry in treatment studies may improve negative 

symptoms and functional outcome in people with schizophrenia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Right inferior longitudinal fasciculus and arcuate fasciculus
Sagittal view of the right inferior longitudinal fasciculus and right arcuate fasciculus as 

modeled by the tractography pipeline used in this study.
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Figure 2. Mediation Model
Model showing the relationship between the second principal component and functional 

outcome in schizophrenia participants, which was partially mediated by negative symptoms. 

The direct effect (c’=0.25, p=0.26) was less than the total effect (c=0.59, p=0.02). Mediation 

was validated by the Sobel test, demonstrating a significant effect (ab=0.3, p=0.05) of 

negative symptoms on the relationship between neural circuitry and functional outcome. 

Similarly, partial mediation of the relationship between baseline tract FA and functional 

outcome in the follow-up sample was also observed (c=0.75, p=0.04; c’=0.11, p=0.71).
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Table 1

Sociodemographic and clinical characteristics of 30 schizophrenia and 30 HC subjects

Schizophrenia Mean (SD) HC Mean (SD) t p

Age (years) 39.3 (12.9) 39.3 (12.6) 0.0101 0.9919

Sex (M:F) 18:12 18:12 - -

Ethnicity

        Caucasian (n) 19 28 - -

        Asian (n) 5 1 - -

        African American (n) 4 0 - -

        Other (n) 2 1 - -

Education (years) 13.8 (2.2) 15.1 (2.0) 2.42
0.01875

a

Parental Level of Education 4.1 (2.3) 4.9 (2.0) 1.4302 0.1581

Handedness (L:R) 1:29 1:29 - -

IQ (WTAR) 108.2 (16.8) 115.1 (9.0) 1.9648 0.05595

MMSE 28.9 (1.7) 29.5 (0.7) 1.65 0.1062

Duration of Illness (years) 15.4 (13.4) - - -

CIRS-G 1.2 (0.6) 0.7 (0.7) 2.6824 0.009665

Diagnosis (schizoaffective:schizophrenia) 8:22 - - -

Chlorpromazine Equivalents (mg/day)
b 189.5 (193.5) - - -

CDSS 2.5 (3.3) - - -

AIMS 0.2 (0.6) - - -

SAS 1.3 (2.0) - - -

BAS 0.7 (1.8) - - -

Systolic BP 121.2 (14.9) 122.1 (12.3) 0.2317 0.8178

Diastolic BP 74.4 (15.6) 75.21 (10.5) 0.2316 0.8179

Weight (kg) 81.5 (18.5) 74.4 (15.8) 1.5782 0.1202

Height (m) 1.7 (0.1) 1.7 (0.1) 0.2797 0.7808

SANS Total excl. Attention (baseline, n=30) 25.9 (18.2) - - -

SANS Total excl. Attention (6-month follow-up, n=24) 23.6 (19.8) - - -

QLS Total excl. Intrapsychic Foundations (baseline, n=30) 3.4 (1.2) - - -

QLS Total excl. Intrapsychic Foundations (6-month follow-up, 
n=24)

3.3 (1.4) - - -

RBANS Total 82.5 (15.6) 96.6 (8.4) 4.2106
0.0001356

a

PANSS

        Positive 11.1 (4.4) - - -

        Negative 12.4 (5.6) - - -

        General 21.9 (6.2) - - -

HC=healthy controls; WTAR=Wechsler Test for Adult Reading; MMSE=Mini-Mental State Examination; CIRS-G=Cumulative Illness Rating 
Scale for Geriatrics; CDSS=Calgary Depression Scale for Schizophrenia; AIMS=Abnormal Involuntary Movement Scale; SAS=Symptom Angus 
Scale; BAS=Barnes Akathisia Scale

a
p < 0.05

b
n=8 individuals were not taking antipsychotic medication at the time of assessment
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Table 2

Multiple Regression Models with White Matter Tract FA

Outcome PC 1 β p PC 2 β p R2

QLS Total excl. IF −0.2539 0.2952 0.5366
0.0336

b 0.144

SANS Total excl. Att. 1.775 0.6229 −8.3775
0.0278

c 0.148

RBANS Total
a −2.3459 0.4832 −0.2046 0.9481 0.076

SANS Affective Flattening −0.1798 0.9165 −2.613 0.1379 −0.013

SANS Alogia 0.7868 0.3456 −1.2752 0.1329 0.012

SANS Avolition/Apathy 0.1135 0.9092 −2.0455
0.0493

c 0.148

SANS Anhedonia/Asociality 1.0317 0.3953 −2.6068
0.0393

c 0.078

PC=principal component of 12 white matter tract mean FA values, QLS Total excl. IF=Quality of Life Scale total score excluding Intrapsychic 
Foundations subscale, SANS Total excl. Att.=Scale for the Assessment of Negative Symptoms total score excluding Attention subscale, RBANS 
Total=Repeatable Battery for the Assessment of Neuropsychological Status Covariates: Age, Parental Level of Education, Chlorpormazine 
Equivalent Dose, Duration of Illness

a
Covariates: Parental Level of Education, Chlorpormazine Equivalent Dose, Duration of Illness

b
p < 0.05

c
p < 0.05, uncorrected
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