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Abstract

Background—The corpus callosum (CC) has been implicated in the pathogenesis of 

schizophrenia and bipolar disorder. Yet, it remains unclear whether CC alterations are related to 

the underlying familial diathesis for psychotic disorders. We examined CC, its sub-region 

volumes, and their relationship to cognition, psychotic symptoms and age in subjects with 

schizophrenia (SZ), psychotic bipolar disorder (PBD), schizoaffective disorder (SZA), their first-

degree relatives and in healthy controls.

Methods—We present findings from morphometric and neurocognitive analyses of 1429 subjects 

[SZ (n=224), PBD (n=190), SZA (n=142), unaffected relatives n= 483) [SZ relatives (195), PBD 

relatives (175), SZA relatives (113)], and Controls (n=342)]. MPRAGE T1 scans across 5 sites 

were obtained using 3.T magnets. Image processing was done using FreeSurfer 5.1. Neurcognitive 

function was measured using the Brief Assessment of Cognition in Schizophrenia (BACS).

Results—Anterior and posterior splenia volumes were significantly reduced across the groups. 

SZ and PBD Probands showed robust and significant reductions while relatives showed significant 

reductions of intermediate severity. The splenial volumes were positively but differentially 

correlated with aspects of cognition in the probands and their relatives. Proband groups showed a 

significant age-related decrease in the volume of the anterior splenium in comparison with 

controls. Among the psychosis groups, the anterior splenium in PBD showed a stronger 
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correlation with psychotic symptomatology as shown by the PANSS. All five sub regions showed 

significantly high familiality.

Conclusions—The splenial volumes were significantly reduced across the psychosis dimension. 

However, this volume reduction impacts cognition and clinical manifestation of the illnesses 

differentially.
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1. INTRODUCTION

The corpus callosum (CC) is the largest white matter commissure connecting the two brain 

hemispheres, and consists of approximately 300–350 million fibers in humans (1,2). While 

these numbers are relatively fixed during development (3), fiber myelination continues 

throughout puberty, accounting for developmental morphological changes (3,4). The CC has 

an important role in the integration and communication of high-level motor, cognitive and 

sensory information (5). The CC can be considered as a set of multiple and overlapping 

transcallosal channels, defined by the number, type, and destination of the fibers in different 

sub-regions of the callosum (6).

The sub-regions of CC are topographically mapped to corresponding cortical regions. Thus, 

fibers running through the rostrum and genu interconnect the frontal association cortical 

areas. The midbody interconnects motor, somatosensory, and auditory cortices. Anterior 

splenial fibers connect the temporo-parietal association areas forming a single segment with 

the hippocampal commissure through which parahippocampal fibers cross. The posterior 

splenium interconnects the visual cortices. Fibers with large diameter (3–5 µm) are densest 

in the midbody. Small fibers (< 0.4 µm) are more numerous in the genu and anterior 

splenium interconnecting higher-order prefrontal and temporo-parietal association cortices. 

The largest fibers in the corpus callosum interconnect the primary auditory cortices (7,8). In 

healthy brains, the number of callosal fibers is dependent on developmental processes 

including axon outgrowth, synaptogenesis, and axon pruning (8), and are regulated by 

genetics (9).

CC has been well studied in schizophrenia (SZ) and bipolar disorder (PBD), but less so in 

schizoaffective disorder (SZA) (10,11); this structure has rarely been compared within the 

same study across these disorders. Abnormalities in transcallosal connectivity have been 

suggested to play a role in the pathogenesis of SZ (12–16) and PBD (17,18). The callosal 

fibers connecting the language centers of the prefrontal and temporoparietal cortices 

bilaterally (i.e. splenium and genu) have been specifically implicated (19,20). The splenium 

was positively correlated with verbal fluency and negatively with language lateralization in 

healthy women (21). These white matter abnormalities could possibly reflect alterations in 

myelin, axon membranes or axonal packing density (22–24). The loss of normal asymmetry 

resulting in reduced laterality is thought to underlie inter-hemispheric connectivity 

disturbances in SZ (25). An early meta-analysis of 11 studies (26) and a recent meta-analysis 

[Arnone et al., (27)] of 28 studies showed that the CC area was reduced in SZ in comparison 
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to healthy controls, especially in first episode patients. An early study by Keshavan et al 

(2002) showed CC reductions in first episode patients (29); A meta-analysis in PBD 

examining 5 studies (28) showed that most CC areas were reduced in PBD. Thus, defects in 

interhemispheric communication may cut across psychotic disorders, irrespective of clinical 

diagnosis. Nevertheless, the CC literature in psychotic disorders remains somewhat 

inconsistent. A review of structural findings in SZ found that among 27 MRI studies of the 

CC, 17 (63%) reported positive findings while 10 (37%) did not (30).

The corpus callosum normally expands in size from childhood through adolescence (31,32). 

The age-related increase found in controls was absent in first episode schizophrenia (29). 

There is also evidence that white matter regions including the corpus callosum decrease with 

age in healthy middle aged and in elder subjects (33). However, it is not known whether such 

age-related CC changes are altered in SZ and related psychotic disorders.

The question of whether CC alterations might reflect the underlying familial susceptibility to 

psychotic disorders has not been well studied. Our group reported CC reductions in young 

at-risk relatives (34). One study found that volume and fractional anisotropy (FA) was 

reduced in patients and relatives in the whole CC, the inferior genu, the superior genu and 

the isthmus (35). Relatives had intermediate values in the volumetric and fiber integrity 

measurements between patients and controls. However, Johnson et al (2013) failed to 

observe CC alterations in healthy siblings of childhood onset SZ patients (36). Few studies 

have examined CC in relatives of SZA or PBP patients. Impaired inter-hemispheric 

communication has been thought to underlie the pathogenesis of psychotic symptoms (37). 

Lower CC volume and fiber integrity in SZ, and impaired frontotemporal connectivity have 

been associated with more severe auditory hallucinations (38). The CC also plays an 

important role in the integration of higher order cognitive functions such as verbal memory, 

working memory, motor speed, attention, executive functions and verbal fluency among 

others (reviewed in Schulte T, Müller-Oehring EM. (2010) (39). The relationships between 

psychotic symptoms, cognition and CC structural integrity, however have not been examined 

across the psychosis spectrum.

In summary, there is considerable evidence for CC abnormalities in SZ and PBD probands. 

Yet, important questions remain. Are the patterns of alterations similar or different across the 

three psychotic disorders? Are specific CC sub-regions more impaired than others? Do CC 

alterations in relatives exist and do the pattern of findings in relatives suggest familiality? 

Does their volume change with age at different rates in psychotic disorder probands than is 

seen in healthy controls? To answer these questions, we examined the CC in a large sample 

of 1429 subjects recruited via the Bipolar-Schizophrenia Network for Intermediate 

Phenotypes (B-SNIP) consortium. We also performed a heritability analysis on the CC 

subregions to see if, as suggested by earlier studies [reviewed in Kaymaz and van Os, 2009 

(40)], CC alterations might qualify as endophenotypes (41). Our hypotheses were that: a) 

Total CC and individual regional volumes of the CC would be reduced across the psychosis 

spectrum; b) In the probands, reduced total CC and individual volumes of the CC would be 

associated with higher psychosis symptom scores; c) Decreased total CC and individual 

volumes of the CC would be associated with impaired cognitive performance as measured 
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by the Brief Assessment of Cognition in Schizophrenia (BACS); and d) CC and its 

subregional volumes would be familial.

2. METHODS

2.1 Subjects

Subjects (n=1501) were recruited as part of the BSNIP consortium, a multi-site collaboration 

(Wayne State University/Harvard University, Maryland Psychiatric Research Center, 

University of Chicago/University of Illinois at Chicago, University of Texas–Southwestern, 

and the Institute of Living/Yale University). Seventy-one relative subjects who had an axis I 

psychotic disorder and one subject with a missing diagnosis were excluded. 1429 

participants [SZ (n=224), PBD (n=190), SZA (n=142), relatives with no psychotic 

symptoms (RNPS)(n= 483) [SZ relatives (195), PBD relatives (175), SZA relatives (113)], 

and healthy controls (n=342)] were included in the analyses. Among patients, all but 70 

(SZ=11, SZA=14, PBD=45) were taking antipsychotics and 60 (SZ=12, SZA=8, PBD=40) 

were taking lithium (Supplemental Table S1). Dose calculations of antipsychotic 

medications were standardized across drugs using the method by Andreasen and colleagues 

(42).

Participants underwent a diagnostic interview using the Structured Clinical Interview for 

DSM-IV-TR (SCID-IV) (43). Symptom ratings were completed with probands using the 

Positive and Negative Symptom Scale (PANSS)(44), the Montgomery Asberg Depression 

Rating Scale (MADRS) (45), and the Young Mania Rating Scale (YMRS) (46). We assessed 

cognitive function using the BACS scale [Brief assessment of cognitive function in 

Schizophrenia (47)]. The cognitive functions measured by the BACS included verbal 

memory, working memory, motor speed, verbal fluency, attention and speed of information 

processing and executive functions.

MRI-Structural Imaging—High resolution isotropic T1-weighted MPRAGE scans 

(TR=6.7 msec, TE= 3.1 msec, 8° flip angle, 256×240 matrix size, total scan 

duration=10:52.6 minutes, 170 sagittal slices, 1mm slice thickness, 1×1×1.2 mm3 voxel 

resolution) were obtained in line with the Alzheimer’s Disease Neuroimaging Initiative 

(ADNI) protocol (http://www.loni.ucla.edu/ADNI). All raw images underwent rigorous data 

quality control. Images were converted to NIFTI format first and checked for scanner 

artifacts by trained raters. On passing this pre-check, the images were run through a first-

level auto-reconstruction (auto-recon1) in FreeSurfer v5.1 (48). The extracted brains were 

checked for traces of dura or sinus that could interfere with accurate segmentation. When 

non-brain tissue was found, trained raters blind to subject identity edited images manually. 

All raters (AF, IM, NT) had inter-rater reliabilities (intra-class r) above 95%. When deemed 

sufficiently clean for segmentation by an independent rater, images were run through auto-

recon 2 & 3, after which CC volume measures were extracted.

Outliers: Subjects with CC sub-regions exceeding three standard deviations from the mean 

(n=27; HC=11, SZ=3, SZA=6, BP=7) were excluded from the analysis.
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2.2. Partitions of the Corpus Callosum using FreeSurfer 5.1

We used a classification based on Witelson at al, (1985) (49), to partition the CC. Using 

FreeSurfer 5.1, the CC was aligned to the ACPC plane and divided into five subregions: the 

anterior sixth (genu), the anterior half minus the anterior sixth (truncus), posterior half minus 

the posterior third (midbody), posterior third minus the posterior one-fourth (anterior 

splenium) and the posterior one-fourth (posterior splenium). The volume of the CC was 

taken as the sum total of the area of the CC in the mid-sagittal slice and two sagittal slices to 

the right and left side.

2.3. Statistical Analysis

We used Statistica 10 and R-Studio for statistical analysis. Our analysis strategy 

incorporated multivariate analyses to examine the effect of diagnosis and family membership 

on CC volume in comparison with a matched healthy control group. In addition to total CC 

volume, each callosal sub-regional volume was used as a dependent variable, with study 

group, site and gender as categorical predictors, and age, and intra cranial volume (ICV) as 

covariates. To correct for multiple comparisons, we used the Benjamini Hochberg (50) 

method. We performed planned pairwise univariate GLM analysis as a final method of 

analysis on CC sub-regions with a significant group effect. We ran Spearman rho 

correlations between sub-regions that showed significant differences between the groups and 

measures of symptom severity such as the PANSS, MADRS and YMRS since the data was 

not normally distributed. We also performed partial correlations controlling for age, and 

ICV, between significantly altered CC volumes and measures of cognition within the BACS 

inventory. Finally, the age range in our sample was 15 – 65. We examined the relationship of 

age and CC volumes in two ways: 1.age as a continuous variable and 2. as a categorical 

variable (into bins of 10 years: 15 – 25, – 26 – 35; 36–45; 46–55 and 56 –65). Age was used 

as a categorical variable to examine interactions with Diagnosis, sex and site. Effect sizes 

(Partial Eta squared) were calculated using pooled standard deviations and residualized 

means adjusted for covariates.

2.4. Familiality Analysis

To estimate familiality of the callosal volumes, we used Sequential Oligogenic Linkage 

Analysis Routines (SOLAR) software package. Heritability (h2) was estimated as the ratio 

of the variance of the individual measure explained by additive polygenic effects to the total 

variance for the individual measure. In the univariate heritability analyses, each callosal 

volume was used as a single dependent variable in the SOLAR models.

3. RESULTS

3.1 Effect of Diagnosis

Patients with psychotic disorders [SZ, SZA, PBD] had significantly smaller CC subregional 

volumes compared to controls [Wilks lambda=.95, F(15, 2269.6)=3.0573, p<0.001)] (see 

Table 1). Volumes of posterior and anterior splenia differed across groups after Hochberg 

correction for multiple comparisons. Site had a significant effect (p < 0.02) across all 

comparisons. However, there was no group × Site interaction.
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3.2 Effects in families with a schizophrenia proband

SZ, SZ relatives and controls were compared. A significant difference between the groups 

was obtained [Wilks lambda=.97, F(10, 1966)=3.3095, p<0.001)] (seen in Table 2). The total 

CC, anterior splenium and posterior splenium were significantly different across the groups 

and survived multiple comparisons.

3.3. Effect of Bipolar Risk

We compared three groups - PBD probands, PBD relatives and healthy controls. We found a 

significant difference between the groups in the callosal sub-regions [Wilks lambda=.97, 

F(10, 1886)=2.5259, p=0.005)] (seen in Table 3). The total CC, midbody, truncus, anterior 

splenium and posterior splenium were significantly different across the groups. Only the 

anterior splenium and posterior splenium survived correction for multiple comparisons. 

Bipolar relatives showed volume reductions intermediate between controls and probands.

3.4. Effect of Schizoaffective Risk

We compared three groups – SZA probands, SZA relatives and healthy controls. The 

MANCOVA did not yield a significant difference between the groups.

3.5 Post-hoc single contrast analysis (Table 4)

3.5.1. Controls vs. Probands—We compared probands in all groups with controls 

separately. Across all comparisons, probands had significantly smaller anterior splenium. By 

contrast, while SZ and BP probands had significantly smaller posterior splenium, the SZA 

group showed a trend.

3.5.2. Controls vs. Relatives—Significantly reduced anterior splenium, intermediate 

between controls and probands, were seen in combined unaffected relative groups. By 

contrast, in the posterior splenium, SZ and BP relatives showed a trend while SZA relatives’ 

volume comparison was not significant.

3.5.3. Probands vs. Relatives—In the anterior splenium, trending values were observed 

in the SZ (F = 2.98; P = 0.08) and BP (F = 2.72; P = 0.09) groups but not the SZA group. By 

contrast, in the posterior splenium, SZ probands had significantly smaller volumes than 

relatives while a trend was observed in BP. SZA volumes were non significant.

3.5.4: Proband comparisons—Comparing the 3 proband groups, we found the anterior 

and posterior splenium volumes were not significantly different.

3.5. Familiality analysis

SOLAR analyses indicated that all the subregions of the CC showed significant heritability 

ratios across all three disorders. (See supplemental table S2).

3.6. Callosal Volume and Cognitive Function

We examined the association between regional volumes that had shown significant group 

effects (anterior and posterior splenia) and cognitive function measured by BACS in each of 
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the diagnostic groups and relatives separately. After Hochberg correction, only SZ relatives’ 

BACS composite score and verbal memory survived and were positively correlated with the 

posterior splenium (p < 0.001). [supplemental tables S3 & S4]

3.7. Callosal Volume and symptomatology

We ran Spearman RHO correlations to examine the splenia and scores on the PANSS 

MADRS & YMRS in the proband groups. The anterior splenium was negatively correlated 

with the PANSS positive score in the SZ probands [r = −0.15 p < 0.03], SZA –BP [r = −0.27 

p < 0.01] and with PANSS negative score in SZA [r = −0.55 p < 0.001]. The posterior 

splenium was negatively correlated with the PANSS total [r = −0.31 p < 0.04] in SZA and 

PANSS positive in SZA-BP [r = −0.27 p < 0.01] supplemental table S5. The correlations 

between the anterior and posterior splenium and the MADRS and YMRS were not 

significant.

3.8. Corpus Callosum & Age

We used group wise partial correlations controlling for ICV to examine the effect of age (as 

a continuous variable) on the volume of the posterior and anterior splenium. To control the 

experiment-wise error rate, partial correlations were limited to sub-regions showing 

volumetric deficits on the interrogative ANCOVAs. Benjamini Hochberg corrections were 

applied to the two-tailed p values of the correlations to achieve a corrected alpha error of 

0.05. While the posterior splenium did not show a significant correlation with age, across the 

psychosis dimension, the anterior splenium showed a significantly greater decrement of 

volume with age (See supplemental table S6) than healthy controls.

Examining the interaction of Age as a categorical variable with diagnosis in a GLM model, 

we found significant interactions between diagnosis and age in the anterior splenium (p < 

0.023) See Figure 2 below. While controls showed a non-significant decrease over the age 

span, proband groups showed a significant age related decrease in the volume of the anterior 

splenium. The relatives did not show a significant difference from controls in the age 

continuum.

3.9 Duration of Illness and anterior splenium

We examined illness duration in the three proband groups (see figure 2). Duration of illness 

was defined as the difference in time (measured in years) between the year at which a 

subject was first diagnosed with a psychotic illness and the date of his/ her scan. The 

proband groups showed a significant negative correlation in volume of the anterior 

splenium[r = −0.27 p < 0.001] [See supplemental table S7]. This was not observed in the 

posterior splenium.

3.10 Sex and the splenia

We did not find a significant group × sex interaction across all comparisons.
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4. DISCUSSION

The present study examined the morphology of the CC in a large sample of 1429 subjects 

comprising three psychosis groups, their non-psychotic first-degree relatives and control 

subjects. While total CC and anterior splenium volume decreases were seen across all 

proband groups, volume reductions of the posterior splenium were significant in the SZ and 

PBD proband groups and at a trend-level in SZA. Similarly, relatives of SZ and BP showed a 

trend in the anterior and posterior splenium while SZA relatives’ volume difference was not 

significant. Overall, while psychosis probands robustly differed from healthy controls, few 

differences were seen in CC or its subregions between DSM diagnostic categories. This is 

consistent with a number of reports from the BSNIP consortium showing relatively few 

differences across psychotic disorders in most structural, functional and cognitive 

endophenotypes (Tamminga et al 2014). These findings also confirm previous studies by our 

group examining the morphology of the CC in early course SZ and their young relatives (29, 

34), and extend these findings to other disorders. The subregions of the CC showed a 

significant degree of heritability as measured by SOLAR in all 3 disorders studied. Thus, CC 

alterations may reflect a dimensional, familial biomarker related to the risk for psychotic 

disorders.

Among CC sub-regions, the anterior splenium appears to have the most consistent reduction 

in the SZ and PBD groups across the psychosis spectrum and in those at familial risk for 

psychosis. The posterior forceps (splenial fibers) interconnect the parietal and occipital 

cortices, while the anterior splenial fibers interconnect the inferior and medial temporal and 

posterior cingulate cortices in a bandage- like manner (51) The splenia can be considered a 

constituent of the hippocampal commissure which carries fibers connecting the hippocampi 

together with those linking the posterior parietal, medial temporal and medial occipital 

cortices of the hemispheres (7,52,53). Our observations of reductions in the anterior splenial 

volume are consistent with previous results from the BSNIP group showing hippocampal 

and sub-region volume decrements psychosis probands and their relatives across diagnoses 

(54, 55). Such alterations could result in decreased or aberrant information flow between the 

medial temporal structures, parietal cortices, hippocampi and the subfields (35); this 

interhemispheric hypoconnectivity may be related to abnormal information processing, a 

core abnormality of these illnesses (14, 56).

In relation to abnormal information processing, we found that the posterior splenium 

correlated with the composite score and verbal memory in the SZ relatives but not with the 

other groups. Cognitive impairment may in part result from impaired myelin integrity of the 

splenium (57, 58). Innocenti (59) proposed that myelination facilitates interhemispheric 

interaction by enhancing more efficient recruitment of the target neural population to 

common activity. This facilitation and co-ordination is reduced when splenia are reduced 

and this may be the reason for impaired cognitive function across the psychosis spectrum 

(56). Some evidence also points to abnormalities of callosal metabolism and 

neurotransmission as contributory factors to the altered inter-hemispheric transfer of 

information across the CC (59). The cognitive manifestations of splenial deficits have been 

thought to contribute to psychotic symptomatology (61, 62). In line with this, we found 

modest negative correlations (ranging from r = −0.15 to 0.55) between splenia and positive 
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and negative symptom scores of the PANSS indicating that the greater the psychotic features 

the smaller the splenia. This is consistent with DTI studies that have shown FA 

abnormalities of the splenium, which were positively correlated with severity of psychotic 

symptoms (60–62). Other studies show a correlation between splenial volume and severity 

of auditory verbal hallucinations (62–64), supporting theories positing the role of the 

anterior splenium in two core illness domains: psychosis, cognitive/negative symptoms.

Finally, anterior splenium was inversely correlated with age across the psychosis spectrum. 

The significant interaction of age category and diagnosis shows that illnesses across the 

psychosis spectrum have different trajectories. In the psychosis groups, an age related 

decrement in volume was observed. This may be due to an abnormal loss of myelination 

and/or reduction is axonal numbers and size over time brought about by the neurotoxic 

effects of psychotic episodes as shown by the relationship between illness duration and 

anterior splenium volume. This derailment in myelination and/or axonal loss could 

potentially be the cause of abnormal information transmission and cognitive processing.

Morphometric analyses do not address the question whether the observed CC alterations 

primarily reflect myelination or axonal integrity, or both. To explore the relationship of 

splenium and myelination, Fornari et al, (65) used Magnetization Transfer Imaging (MTI) 

and showed a robust correlation between MTI indices and a child’s age for the splenial area. 

Fields (66) showed that myelination is a plasticity dependent process. It is possible that the 

reduced splenial volumes in the present study may reflect altered myelination leading to 

decreased plasticity, which in turn may be related to impaired cognition and psychotic 

symptomatology. In sum, the present study has shown that the illnesses across the psychosis 

dimension and risk for psychoticism share a common neurobiological substrate within the 

CC: anterior splenium. The anterior splenium partially fulfills the criteria for classification 

as an intermediate phenotype.

In conclusion, since the CC is purported to be the latest developing higher order neural 

network in the brain (67), longitudinal studies on CC morphology are crucial to elucidating 

the relationship of this commissure and the etiopathogenesis of psychotic disorders.

Limitations

The proband groups of our study were under diverse medications with many probands 

treated with multiple medications. Subjects with longstanding antipsychotic treatment may 

not accurately reflect original microstructural CC abnormalities representative of these 

disorders. The effects of neuroleptic/ psychotropic medication on the CC was not significant 

as shown by a post hoc analysis of chlorpromazine equivalents (CPZ-EQ) data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Corpus Callosum Anatomical Divisions
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Figure 2. 
Anterior splenium volume across the AGE continuum Psychotic Groups only (p < 0.02).
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Figure 3. 
Anterior splenium against Duration of Psychotic Illness r = −0.27 p < 0.001
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Table 4
Planned pair-wise comparisons

Means and standard deviations of the groups are seen in tables 2 and 3.

CC -region Comparison F p

Anterior
Splenium

Controls vs. Schizophrenia Probands 18.44 < 0.001

Controls vs. Schizophrenia - Relatives 10.00 0.002

Schizophrenia Prob vs. SZ Relatives 2.98 0.08

Controls vs. Bipolar Probands 10.45 <0.001

Controls vs. Bipolar relatives 10.00 0.002

Bipolar Probands vs. Bip Relatives 2.72 0.09

Controls vs. Schizoaffective Probands 9.65 0.002

Controls vs. Schizoaffective - Rels 8.03 0.004

Schizoaffective Prob vs. SZA - Rel 2.14 0.14

Schizophrenia Prob vs. Schizoaffective Prob 0.014 0.91

Schizophrenia Prob vs. Bipolar Probands 0.15 0.7

Schizoaffective Prob vs. Bipolar Probands 0.04 0.83

Posterior
Splenium

Controls vs. Schizophrenia Probands 5.51 0.019

Controls vs Schizophrenia - Relatives 2.85 0.09

Schizophrenia Prob vs. SZ Relatives 4.74 0.03

Controls vs. Bipolar Probands 11.2 <0.001

Controls vs. Bipolar relatives 2.84 0.09

Bipolar Probands vs. Bip Relatives 2.72 0.09

Controls vs. Schizoaffective Probands 3.30 0.06

Controls vs. Schizoaffective - Rels 1.55 0.21

Schizoaffective Prob vs. SZA - Rel 1.14 0.28

Schizophrenia Prob vs. Schizoaffective Prob 0.28 0.6

Schizophrenia Prob vs. Bipolar Prob 0.59 0.44

Schizoaffective Prob vs. Bipolar Prob 0.92 0.33
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