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Abstract 

In schizophrenia, a single latent trait underlies psychosis, hostility, excitation, mannerism, negative 

(PHEMN) symptoms, formal thought disorders (FTD) and psychomotor retardation (PMR). 

Schizophrenia is accompanied by a breakdown of gut and blood-brain-barrier (BBB) pathways, 

increased tryptophan catabolite (TRYCAT) levels, bacterial translocation, and lowered natural IgM 

and paraoxonase (PON)1 activity.    

The aim of this study was to examine the factor structure of schizophrenia symptom domains and 

the biomarker correlates of these factors.   

We recruited 80 patients with schizophrenia and 40 healthy subjects and assessed the IgA/IgM 

responses to paracellular/transcellular (PARA/TRANS) ratios, IgA responses to TRYCATs, natural 

IgM to malondialdehyde and Gram-negative bacteria, and PON1 enzymatic activity. 

Direct Hierarchical Exploratory Factor Analysis showed a bifactorial oblique model with a) a 

general factor which loaded highly on all symptom domains, named overall severity of 

schizophrenia (“OSOS”); and b) a single-group factor (SGF) loading on negative symptoms and 

PMR. We found that 40% of the variance in the OSOS score was explained by IgA/IgM to 

PARA/TRANS ratio, male sex and education while 36.9% of the variance in SGF score was 

explained by IgA to PARA/TRANS, IgM to Gram-negative bacteria, female sex (positively 

associated) and IgM to MDA, and PON1 activity (negatively associated).      

Schizophrenia phenomenology comprises two biologically-validated dimensions, namely a 

general OSOS dimension and a single-group negative symptom dimension, which are associated 

with a breakdown of gut/BBB barriers, increased bacterial translocation and lowered protection 

against oxidation, inflammation and bacterial infections through lowered PON1 and natural IgM.  
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Introduction 

Classically, it is considered that schizophrenia consists of various symptoms domains 

including positive symptoms (such as hallucination, delusions, hostility, excitation, and 

disorganized thinking), negative symptoms (such as flattening of affect, alogia, avolition, and 

anhedonia), and neurocognitive deficits (such as impairments in episodic and semantic memory as 

well as in executive functions) [1-5]. Based on the presence of positive and negative symptoms, 

the phenomenology of schizophrenia is considered to be bi-dimensional with two subtypes namely, 

type I and II schizophrenia whereby type I is characterized by positive symptoms and type II by 

negative symptoms coupled with more profound neurocognitive deficits [4-6]. Deficit 

schizophrenia is classically defined by the presence of negative symptoms during the inter-

episodic, more stable and acute phases of illness [6]. In fact, the bidimensional model of 

schizophrenia was already formulated in the 19th century by Eugene Bleuler who coined the term 

schizophrenia and considered two symptom clusters, a first accompanied by negative symptoms 

such as social withdrawal and loosening of associations and a second cluster with accessory 

symptoms comprising positive symptoms [7,8]. Anno 2019, the NINH and NHS still classify 

patients with schizophrenia based on positive and negative symptoms [9,10].  

Recently, we established that, in stable phase schizophrenia, positive and negative symptoms 

cannot be considered to be two different dimensions because one single latent trait (latent vector) 

underlies both symptom domains and other key symptoms of schizophrenia, including formal 

thought disorders (disorders in concrete and abstract thought processes, including loosed 

associations, fluid thinking, illogical and disorganized thinking) and psychomotor retardation 

(including slow movements and motor responses and aberrations in gross and fine motor 

performance) [11,12]. Moreover, we established that positive and negative symptom domains are 
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not viable concepts as these constructs lack discriminatory power in partial least squares analysis 

and that positive symptoms should be dissected in more relevant symptom domains, namely 

psychosis (hallucinations, delusions), hostility, excitation and mannerism [11,12]. Furthermore, in 

deficit schizophrenia and the combined group of controls and deficit schizophrenia, this latent 

vector underpinning negative symptoms, PHEM symptoms, FTD and PMR showed a very 

adequate internal consistency reliability, predictive relevance, and concurrent, and convergent 

validity while Confirmatory Tedrad Analysis showed that the latent vector fitted a reflective model 

[12]. As such, the score of this reflective latent construct is a reliable and replicable index of overall 

severity of schizophrenia (OSOS), which modulates the various symptom manifestations of OSOS 

[12]. Nevertheless, these findings await confirmation in other populations while no research has 

examined whether this latent trait also exists in subjects with deficit and non-deficit schizophrenia 

combined. 

  Already in the 1990s, it was conceptualized that schizophrenia is a neuro-immune 

disorder, characterized by a mild chronic inflammatory state, T cell activation and T helper (Th)-

1 activation [13]. However, recently it became evident that schizophrenia is accompanied by 

activated M1 macrophage, T helper (Th)-1, Th-2, Th-17, and T regulatory (T cell) activation 

indicating activation of the immune-inflammatory response system (IRS) as well as the 

compensatory immune-regulatory system (CIRS) [14]. 

Some of these neuro-immune pathways are more pronounced in deficit than in non-deficit 

schizophrenia and predict a large part of the variance in PHEM and negative symptoms, FTD and 

PMR [15-20], including increased IgA responses to noxious tryptophan catabolites (TRYCATs), 

including picolinic acid (PA), xanthurenic acid (XA) and 3-OH-kynurenine (3OHK) [16]. Another 

pathway contributing to those symptom domains is breakdown of the paracellular tight and 
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adherens junctions as measured with increased IgM/IgA responses to zonulin, occludin and E-

cadherin versus the transcellular pathway cytoskeletal proteins as measured with IgM/IgA 

responses to talin, actin, vinculin and epithelial intermediate filament [17,18]. Zonulin may 

increase gut permeability by loosening the tight junctions (TJ) barrier which, composed of 

occludin and claudin, join the gut epithelial cells together [19]. E-cadherin is a key component of 

the gut adherens junctions which further increase the stability of the epithelial gut barrier. 

Moreover, also the IgA responses to claudin-5, a key component of the blood-brain-barrier (BBB) 

tight junctions, was increased especially in deficit schizophrenia, suggesting that not only the TJs 

of the gut barrier but also those of the BBB are damaged [17]. This is important as deficit 

schizophrenia is also accompanied by increased translocation of gut commensal Gram-negative 

bacteria as measured with IgA/IgM responses to LPS of Hafnia alvei, Klebsiella pneumoniae, 

Morganella morganii, Pseudomonas aeruginosa, and Pseudomonas putida [20]. Deficit 

schizophrenia, but not non-deficit schizophrenia, is accompanied by lowered IgM responses to 

oxidative specific epitopes (OSEs) including malondialdehyde (MDA) indicating that this 

condition is characterized by lowered natural IgM antibodies, which are a key component of innate 

immunity [18]. These IgM antibodies are produced by innate-like B1 and marginal zone B cells 

and have immune-regulatory, housekeeping, and anti-oxidant properties thereby protecting against 

an overzealous IRS and bacterial infections [21,22,23,24]. Finally, deficit schizophrenia is also 

accompanied by lowered activity levels of paraoxonase 1 (PON1) [Matsumoto et al., in 

preparation], a detoxifying and antioxidant enzyme that is strongly associated with high-density 

lipoproteins (HDLs) [25]. Interestingly, lowered natural IgM and PON1 activity are highly 

significantly associated with negative symptoms, but not with psychosis, hostility or mannerism 

[18,Matsumoto et al., in preparation). Such results may be difficult to reconcile with the existence 
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of a single OSOS index which causes all manifestations. Moreover, no research has examined 

whether this OSOS index is mediated by neuro-immune biomarkers which to a large extent are 

associated with PHEM and negative symptoms.  

 Hence, this study was conducted to examine whether a) the key symptom domains of 

stable-phase schizophrenia belong to one single trait, namely an OSOS index, or whether multiple 

or bifactorial models better fit the data; and b) those factors are mediated by neuro-immune 

pathways including IgA/IgM responses to PARA/TRANS pathways, IgA responses to PA, XA and 

3HK, increased bacterial translocation, natural IgM to MDA, and PON1 activity. 

 

Subjects and Methods 

Participants 

The present study recruited 80 patients with schizophrenia and 40 healthy controls who 

were recruited from the same catchment area, namely Bangkok, Thailand. Patients attended the 

Department of Psychiatry, King Chulalongkorn Memorial Hospital, Bangkok, Thailand, while 

healthy controls were recruited by word of mouth among staff members or their family members 

or friends. Only patients with DSM-IV-TR diagnostic criteria for schizophrenia were recruited 

when they were in a stabilized phase of the illness for at least one year. The diagnosis of deficit 

schizophrenia was made using the Schedule for the Deficit Syndrome (SDS) [6] and schizophrenia 

patients not fulfilling these criteria were classified as non-deficit schizophrenia.   

Exclusion criteria for patients were a) other axis-1 DSM-IV-TR disorders than 

schizophrenia, such as schizoaffective disorder, major depression, bipolar disorder, obsessive-

compulsive disorder, substance use disorders and psycho-organic disorders; and b) participants 

who had psychotic episodes the year prior to the study. Exclusion criteria for controls were: a) a 
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positive family history of psychosis, and b) a lifetime or current diagnosis of axis I DSM-IV-TR 

disorders. Exclusion criteria for controls and schizophrenia patients were: a) immune and auto-

immune disease including psoriasis, inflammatory bowel disease, rheumatoid arthritis, chronic 

obstructive pulmonary disease, scleroderma, systemic lupus erythematosus, and diabetes mellitus 

(type 1); b) neuroinflammatory and neurodegenerative disease including multiple sclerosis, 

Parkinson’s disease, stroke and Alzheimer’s disease; c) a lifetime history of treatment with 

immunomodulatory drugs including glucocorticoids, methotrexate, and immunosuppressants; and 

d) current use of therapeutic dosages of antioxidants or ω3-polyunsaturated fatty acids. 

The study was conducted according to International and Thai ethics and privacy laws. 

Approval for the study (298/57) was obtained from the Institutional Review Board of the Faculty 

of Medicine, Chulalongkorn University, Bangkok, Thailand, which is in compliance with the 

International Guidelines for Human Research protection as required by the Declaration of 

Helsinki, The Belmont Report, CIOMS Guideline and International Conference on Harmonization 

on Good Clinical Practice. Controls and patients, as well as the guardians of patients or parents or 

close family members gave written informed consent prior to participation in our study.  

 

Clinical assessments 

 Using a semi-structured interview, a senior psychiatrist specialized in schizophrenia 

completed socio-demographic and clinical data including the drug state of the patients. On the 

same day, the same psychiatrists used the DSM-IV-TR criteria and the Mini-International 

Neuropsychiatric Interview (MINI) in a validated Thai translation [26] to make the diagnosis of 

schizophrenia. The same psychiatrist also used the SDS criteria [6] to make the diagnosis of 

primary deficit schizophrenia. On the same day, the same psychiatrist assessed rating scales to 
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score the severity of negative symptoms, namely the Scale for the Assessment of Negative 

Symptoms (SANS) [27], and the negative subscale of the Positive and Negative Syndrome Scale 

(PANNS) [28]. PHEM symptoms, FTD and PMR were computed as z unit-weighted composite 

scores as explained previously [17,19] and towards this end we also measured the Brief Psychiatric 

Rating Scale (BPRS) [29] and the Hamilton Depression (HAM-D) Rating Scale score [30]. The 

diagnosis of nicotine dependence was made using DSM-IV-TR criteria and body mass index 

(BMI) was assessed as body weight (kg) / length (m2). 

 

Assays. 

Fasting blood was sampled at 8.00 a.m. in all participants for the assay of IgA/IgM directed 

to paracellular and transcellular pathway molecules, IgM to MDA, PON1 activity, IgA responses 

to PA, XA and 3HK, and IgM to Gram-negative bacteria. Zonulin, claudin-5, occludin, E-cadherin, 

actin, talin, vinculin, epithelial intermediate filament (keratin) were purchased from Bio-Synthesis 

Inc (Lewisville, TX USA), Abcam (Cambridge, MA USA), and Sigma-Aldrich (St Louis, MO 

USA). IgA/IgA levels directed to those selected molecules were assayed using ELISA as 

previously described [17,19]. ELISA indices were computed using the following formula: antibody 

ELISA index = OD of tested Specimen minus OD of blank / OD of Calibrator minus OD of blank. 

Consequently, we computed the IgA to PARA/TRANS ratio as z(sum of z values of occludin + 

claudin-5 + E-cadherin) – z(sum of z values of talin + actin + vinculin +  epithelial intermediate 

filament) and IgM to PARA/TRANS as z(sum of z values of occludin + zonulin) – z(sum of z 

values of talin + actin + vinculin). IgM to conjugated MDA was assayed as explained previously 

[18] using indirect ELISA tests [31-33]. IgA responses to conjugated PA, XA, and 3HK were 

performed using ELISA assay [34,35]. PON1 (CMPAase) activity was assayed by measuring the 
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activity against 4-(chloromethyl) phenylacetate (CMPA, Sigma, USA). CMPAase activity is 

affected by the PON1 Q192R polymorphism with the Q allozyme presenting low efficacy to 

metabolize CMPA (or paraoxon) and lowered CMPAase activity in schizophrenia reflects in part 

increased QQ genotype in deficit schizophrenia as well as lowered CMPAase activity independent 

from the genotype [36,37]. IgM responses to Hafnia alvei, Klebsiella pneumoniae, Morganella 

morganii, Pseudomonas aeruginosa, and Pseudomonas putida were assayed as described 

previously [20,38] and consequently we computed a z-unit weighted composite score reflecting 

overall LPS load in the serum, that is z(sum of z scores on all 5 Gram-negative bacteria).  

 

Statistics 

We employed one-way analysis of variance to check differences in continuous variables 

between diagnostic and analysis of contingency tables (χ2 tests) to check associations between sets 

of nominal variables. Associations between two sets of scale variables were assessed using partial 

correlation coefficients with adjustment for relevant extraneous variables. Multivariate GLM 

analysis followed by tests for between-subject effects is used to assess the effects of diagnostic 

categories on a set of biomarkers while adjusting for relevant background variables. Multiple tests 

were always checked for false discovery rate (FDR) using the Benjamini-Hochberg procedure 

[39]. In order to assess the associations between symptom factor scores and biomarkers we 

conducted multiple regression analysis using an automatic stepwise method with a p-to-entry of 

0.05 and p-to-remove of 0.06 while evaluating the change in R2. All analyses were checked for 

multicollinearity using tolerance and the variance inflation factor (VIF).  

Exploratory factor analysis (EFA) was used to explore the factor structure of the 8 symptom 

domains in patients with schizophrenia and in the combined group of patients and controls. We 
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tested different models, namely EFA models either one or two-factor models, Schmid-Leiman 

orthogonalization and a pure Exploratory Bifactor Model with Promin rotation [40,41]. FACTOR, 

windows version 10.5.03 was used to extract factors with the robust unweighted least squares 

(RULS) method with bias-corrected and accelerated (BCa) bootstraps (500 samples). We used the 

Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test of sphericity to assess sample and matrix’ 

factorization adequacy. The number of factors was determined using the Hull test and Parallel 

Analysis (Optimal Implementation). UNICO (unidimensional congruence), ECV (explained 

common variance) and MIREAL (mean of item residual absolute loadings) were employed to 

estimate closeness to unidimensionality whereby UNICO >0.95, ECV >0.85 and MIREAL<0.300 

suggest unidimensionality. Goodness-of-fit levels were assessed using root mean squared error of 

approximation (RMSEA), comparative fit index (CFI), Schwarz’s Bayesian Information Criterion 

(BIC), goodness-of-fit index (GFI) and the adjusted goodness-of-fit index (AGFI). The distribution 

of residuals was assessed using weighted root mean square of residuals (RMSR) with Kelley’s 

criterion (the expected RMSR for an acceptable model) and weighted root mean square residual 

(WRMR). The quality of the factor scores was estimated using the factor determinacy index (FDI) 

(>0.80 indicating adequate quality). The H index was used to assess stability across studies and 

construct replicability with values ≥0.80 indicating good replicability.  

If EFA suggested that a unidimensional structure may underly the eight key domains further 

analyses were planned using Partial Least Squares (SmartPLS) path analysis conduced using PLS 

with structural equation modeling algorithms [42,43]. PLS was used to examine a) associations 

between the latent vector (LV) extracted from the 8 symptom domains (in a reflective model) and 

the biomarkers, and b) the reliability and convergent validity of the main LV.  Also, using a 

hierarchical component (reflective – reflective) model coupled with the repeated indicator 
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approach [44], we examined the contribution of two symptom dimensions (PHEM plus FTS and 

negative symptoms plus PMR) to the LV extracted from the 8 key symptoms. 

The biomarkers were entered as single indicator input variables while the LV extracted 

from the 8 symptom indicators was the output variable. Complete and consistent PLS path analysis 

was performed when the inner and outer model constructs complied with specific quality criteria, 

namely all indicators of the outer model should have factor loadings > 0.6 at p < 0.01; the model 

standardized root mean residual (SRMR) < 0.08; adequate discriminant validity as indicated by 

the Fornell-Larcker criterion and a Heterotrait–Monotrait (HTMT) ratio <0.9; and adequate 

construct and convergent validity as indicated by average variance extracted (AVE) > 0.500;  

Cronbach alpha > 0.750; rho_A >0.800 and composite reliability > 0.800. Using consistent PLS 

bootstrapping with 5000 bootstrap samples we then computed path coefficients with exact p-values 

(inner model) and t-values for the factor scores in the outer model. Blindfolding was employed to 

access the predictive validity using Q2 statistic of construct cross-validated redundancy or 

communality with Q2 > 0 indicating predictive relevance. Confirmatory Tedrad Analysis (CTA) 

was conducted to ascertain that our reflective model was not misspecified. 

 

Results. 

Demographic and clinical data 

Table 1 displays the demographic and clinical data of the schizophrenia patients and 

healthy controls participating in this study.  This table shows that there are no differences in age, 

marital status, BMI and nicotine dependence between the two classes. There were significantly 

more males in the schizophrenia group as well as unemployed people. Years of education was 

somewhat lower in schizophrenia patients as compared with controls. The scores on all rating 
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scales and the composite scores were significantly increased in schizophrenia as compared with 

healthy controls. After FDR p-correction for multiple testing, we could not find any associations 

between age and the 8 symptoms domains. The latter, however, were significantly and inversely 

associated with years of education (all p<0.01 after FDR p correction). Mann-Whitney U tests 

showed significantly higher scores on all 8 symptom domains except (PMR) in men as compared 

with women (all at p<0.01 after FDR p-correction). Mann-Whitney U tests did not show any 

significant differences in the 8 symptom domain scores between smokers and non-smokers. 

Table 1 shows also the measurements of the 6 biomarkers used in this study, namely the 

model-generated estimated marginal means (in z scores) after multivariate GLM analysis with age, 

sex, TUD and BMI as covariates. We found a significant association between schizophrenia and 

the 6 biomarkers (F=7.62, df=6/101, p<0.001; effect size=0.312) with increased IgA (effect 

size=0.179) and IgM (effect size=0.148) PARA/TRANS rations, IgA to sum noxious TRYCATs 

(effect size=0.087), CMPAase (effect size=0.067), but no significant differences in IgM responses 

to MDA and Gram-negative bacteria between patients and controls. These differences remained 

significant after p-correction. There were no significant effects of TUD (F=0.78, df=6/101, 

p=0.590), but a significant inverse effect of age on IgM to Gram-negative bacteria (12.27, 

df=1/106, p=0.001). Parameter estimates showed a significant effect of BMI on the IgA 

PARA/TRANS ratio (t=-3.21, p=0.002; effect size=0.089). We also examined the effects of the 

drug state on the 6 biomarkers, but could not find effects of the use of risperidone (n=33), 

haloperidol (n=8), perphenazine (n=20), clozapine (n=9), antidepressants (n=25), mood stabilizers 

(n=12) and anxiolytics/hypnotics (n=26).     

 

Correlations between the two negative symptom clusters and the other symptom domains  
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Table 2 displays the partial correlations between both total SANS and PANSS negative 

subscale scores and PHEM, FTD and PMR (after adjusting for age, sex, and education). In both 

the total study group and the schizophrenia group we found significant partial correlations between 

negative symptoms domains and all other symptom dimensions. There were also no effects of the 

drug state of the patients on those partial correlations. 

 

Exploratory factor analysis (EFA) 

Table 3 displays the results of exploratory factor analysis which was carried out in the total 

study sample and examined the factorability of the eight symptom clusters. Both the KMO value 

and Bartlett's test (ꭓ2=1173.4, df=28, p<0.00001) show that the sampling adequacy and 

factorability of the correlation matrix are good. We found that one eigenvalue was greater than 1.0 

(6.02063) and that the first factor explained 75.179% of the variance in the data set. The results of 

Parallel Analysis and the Hull test show that one factor fits the data set.  Table 3 shows the UNICO, 

ECV and MIREAL values indicating that the data should be regarded as essentially 

unidimensional. All loadings of the eight symptom domains were > 0.707. The CFI, RMSR values 

and model fit indices (GFI and AGFI) showed that the model has an adequate fit while the 

Generalized H index and FDI values indicate adequate performance across studies (construct 

replicability) as well as the quality of the estimates of the factor scores estimates. Nevertheless, 

the RMSEA values indicated that the model was only moderately acceptable. All in all, this 

unidimensional vector shows positive manifold with high loadings indicating that a general factor 

reflects the 8 manifestations and as such this factor is quite similar to the “overall severity of 

schizophrenia” (OSOS) factor described by Almulla et al. (2019). Nevertheless, this model may 

not explain all the covariation between the items.  
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Table 3 also shows the results of exploratory factor analysis performed in schizophrenia 

subjects. The KMO test and Bartlett's test (ꭓ2=594.4, df=28, p<0.00001) indicated that the 

factorability of the correlation matrix is adequate. Parallel Analysis and the Hull test indicated that 

one factor may be sufficient. The values of UNICO suggest that the data set should be considered 

to be unidimensional, whereas ECV and MIREAL values showed that the same data set is probably 

not unidimensional. The goodness of fit indices and the generalized H index and Factor 

Determinacy index were adequate, but the RMSR and RMSEA values did not perform well. As 

such, these models may not be the most adequate and, therefore, we have examined the single-

group bifactor model with Pure EFA as well as a two-factor solution. 

Table 4 shows the best models fitting the 8 symptom domains in the total study group and 

schizophrenia patients as well, namely a bidimensional oblique model with a general factor (GF) 

named overall severity of schizophrenia (OSOS GF) and a single-group factor (SGF), which 

loaded highly on both negative symptom domains and PMR. The construct replicability H index 

of both the first (SGF) and second (OSOS GF) order factors were adequate. The effectiveness of 

both factors as evaluated using the Factor Determinacy index, ORION marginal reliability and 

Expected percentage of true differences were all adequate. Moreover, RMRS and RMSEA values 

showed that the model fit of both models was more than acceptable. We have also examined 

whether a two-factor model could fit the data, but the model fit data were again less adequate, for 

example, the RMSEA for the combined group analysis was 0.116. All in all, a bifactorial solution 

fits the data well while the general factor is well defined by all domains and the SGF is defined by 

negative symptoms and PMR.    

 

Associations between the clinical dimensions and biomarkers 
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In order to further explore the associations between OSOS, OSOS GF and SGF and the 

biomarkers included here we have conducted multiple regression analyses with the factor scores 

as dependent variables and the 6 biomarkers, age, sex, BMI and TUD as explanatory variables 

(automatic step-up). The first regression in Table 5 shows that 51.3% of the variance in OSOS was 

explained by the regression on IgA/IgM PARA/TRANS, sum noxious TRYCATs (all positively), 

male sex and education (inversely). Figure 1 shows the partial regression plot of OSOS index on 

IgA to PARA/TRANS. The second multiple regression analysis conducted in all subjects showed 

that 40.4% of the variance in OSOS GF was explained by the regression on IgA/IgM 

PARA/TRANS (positively), male sex and education (negatively). The third multiple regression 

again preformed in all subjects shows that 36.9% of the variance in the SGF was explained by the 

regression on IgA PARA/TRANS and IgM to Gram-negative bacteria (all positively), IgM to MDA 

and PON1 (CMPAase) activity (negatively) and female sex. Regression #4 shows that 29.2% of 

the variance in the bifactorial OSOS GF was explained by the regression on IgA/IgM to 

PARA/TRANS and education. Regression #5 shows that 38.6% of the variance in SGF in 

schizophrenia was explained by IgA to PARA/TRANS and IgM to Gram-negative bacteria 

(positively), and PON1 (CMPAase) activity and IgM to MDA (inversely).  

Figure 2 shows that the mean (SE) values of the biomarkers, OSOS and SGF (all in z 

scores) were significantly different between controls and schizophrenia patients with and without 

deficit (F=21.91, df=16/194, p<0.001; effect size=0.644), after considering the effects of age, sex, 

BMI, TUD and education in a multivariate GLM analysis. Tests for between-subject effects 

showed that OSOS GF and IgM to PARA/TRANS were significantly different between the three 

study groups and increased from controls to non-deficit to deficit schizophrenia. SGF, IgA to 

PARA/TRANS, IgA to TRYCATs, IgM to MDA and PON1 (CMPAase) were significantly 
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different between deficit schizophrenia and controls and non-deficit schizophrenia, while IgM to 

Gram-negative bacteria was higher in deficit as compared with non-deficit schizophrenia.          

 

Results of PLS analysis 

Figure 3 shows the outcome of a first PLS analysis conducted in the total study group with 

a latent vector (LV) extracted from the eight symptom domains as an output variable and the 

biomarkers, age, sex and education as input variables. The model quality data were adequate with 

SRMR=0.025 and excellent reliability data as shown in Table 6. All symptoms domains loaded 

highly on this LV (all loadings > 0.707 and all at p<0.0001). The construct cross-validated 

redundancy for OSOS LV was adequate (0.345) while the results of confirmatory Tetrad Analysis 

showed that the OSOS fitted a reflective model. We found that 50.3% of the variance in the LV 

extracted from the 8 symptom indicators was explained by IgA and IgM PARA/TRANS ratios and 

the sum of noxious TRYCATs (all positively), and education (negatively) and sex.      

Figure 4 shows the results of a second PLS analysis with the same output and input 

variables as shown in the previous paragraph but now performed in the restricted group of 

schizophrenia patients. The quality data of the model showed an adequate SRMR while also the 

reliability data were very good. All symptom domains loaded significantly on this LV (all loadings 

> 0.6 and all p<0.0001). Blindfolding showed that the construct cross-validated redundancy of the 

OSOS LV was adequate (0.246) while Confirmatory Tetrad Analysis showed that the LV extracted 

from the 8 symptoms domains fitted a reflective model. PLS pathway analysis showed that 48.2% 

of the variance in the OSOS LV was explained by the regression on IgA and IgM PARA/TRANS 

ratios (both positively), IgM to MDA and education (both negatively).   
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Discussion 

The first major finding of this study is that the 8 key domains of schizophrenia phenomenology 

(SANS and PANSS negative, PHEM symptoms, FTD and PMR) are most appropriately modeled 

using a bi-dimensional oblique solution with a general factor (GF) that reflects overall severity of 

illness (OSOS GF) and a single-group factor (SGF) reflecting negative symptoms and PMR. The 

current findings that a general factor (OSOS or OSOS GF) reflect the data is in agreement with a 

previous study performed on Iraq patients reporting that a single latent trait, which is essentially 

unidimensional, underpins the key domains of schizophrenia [12]. Importantly, when we 

performed the same bifactorial analysis on the restricted study group of schizophrenia patients a 

similar bifactorial exploratory solution with OSOS GF and SGF were found. Also, the Iraq study 

[12] reported that in the restricted study group of patients with deficit schizophrenia a similar 

general OSOS could be detected. These results show that the same OSOS factor exists in Thai and 

Iraq study groups and in restricted study samples as well. It should be stressed that restricted 

sample variability attenuates the actual relationships between the variables as well as the factor 

generalizability and that those correlation coefficients computed in such restricted samples should 

be corrected for range restriction [12,45,46]. As such, future research should validate the OSOS 

construct in unrestricted study samples (controls and patients including deficit and nondeficit 

schizophrenia) in other continents. 

Nevertheless, a new finding of this study is that negative symptom domains (namely SANS 

and PANSS negative) and PMR grouped together and shared enough common variance to shape 

an SGF. A frequent finding in psychological sciences is the situation where items are essentially 

unidimensional while a smaller group of items share common variance [41]. One example is 

Rotter’s Locus of Control Scale, which was conceptualized as a unidimensional scale, but showed 
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very discrepant factor analysis results ranging from solutions with 2-9 factors versus a 

unidimensional solution [41]. Nevertheless, using the Pure Bifactorial EFA method, which we also 

used in the current study, the developers of this method observed that a single-group bifactorial 

model was the most appropriate solution, which comprised a general factor running through all 

locus of control items and an SGF reflecting previously identified items, that is a political factor 

[41]. In fact, the current study revealed a similar solution indicating that schizophrenia 

phenomenology consists of an OSOS GF and a subgroup of items that previously was 

conceptualized as a separate dimension, namely the negative symptom items.  

Nevertheless, a significant difference between the current study and that of Almulla et al. [12] 

is that the latter established a unidimensional solution and could not retrieve the SGF. This 

difference may be explained by differences in schizophrenia phenomenology between Thai and 

Iraq patient samples and most importantly by differences in clinical symptoms and 

inclusion/exclusion criteria. Thus, here we included patients with non-deficit and deficit 

schizophrenia, whereas Almulla et al. [12] included only patients with deficit schizophrenia who 

were, in addition, more severely ill. Moreover, in the current study, we excluded subjects with 

signs of major depression, whereas Almulla et al. [12] included those with secondary (but not 

primary) major depression.     

The second major finding of this study is that the single latent trait that we extracted from the 

eight key domains showed good composite reliability and internal consistency reliability, that the 

model converged to an adequate result and that it shows adequate construct replicability. As such, 

this latent trait shows adequate psychometric properties indicating that this general factor 

represents a replicable and reliable score of OSOS. As in the Iraq study [12], we found, using 

Tetrad Analysis, that the latent trait OSOS was reflectively measured and, therefore, should be 
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regarded as the cause of its eight manifestations (SANS and PANSS negative, PHEM symptoms, 

FTD and PMR), which are to a large extent mediated by OSOS. 

Our findings that the phenomenology of schizophrenia is most appropriately modeled by a 

bifactorial model contrasts the current theory that a two-dimensional concept consisting of positive 

and negative symptoms is most appropriate [4,47].  Nevertheless, the concept “positive symptoms” 

has no validity as it cannot be discriminated from the negative symptom domain and because it 

should be dissected into its relevant domains including psychosis, hostility and excitation [12]. 

The current findings also help to interpret our previous results that deficit schizophrenia is a 

qualitatively distinct nosological entity modelled by negative and PHEM symptoms (qualitative 

theory) whereas the severity of these symptom domains (OSOS) increases along a continuum from 

non-deficit to deficit schizophrenia (quantitative theory) indicating simultaneous qualitative and 

quantitative differences between both diagnostic groups [48,49]. Thus, the current results show 

that as OSOS increases along a continuum from “normal” to non-deficit and then to deficit 

schizophrenia, the SGF items (negative symptoms and PMR) appear and become more prominent 

to group together and coupled with increasing severity of PHEM symptoms and FTD shape a 

distinct nosological entity [48,49].  

The third major finding of this study is that both the OSOS and SGF were validated by different 

biomarkers whereby OSOS was strongly associated with IgA/IgM responses to PARA/TRANS 

ratio and increased IgA responses to PA, XA, and 3HK, whereas the SGF was additionally 

associated with lowered natural IgM to MDA and PON1 activity as well as increased IgM 

responses to Gram-negative bacteria. As explained previously, the appearance of IgA/IgM 

antibodies to zonulin or paracellular proteins, which are key components of tight and adherens 

junctions, indicates a breakdown of the paracellular pathway in the gut and BBB barriers 
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[17,19,50]. Increased IgA responses to PA, XA, and 3HK suggest increased production of those 

TRYCATs, which all three together may cause excitotoxic and neurotoxic effects thereby playing 

a role in the neuroprogressive pathophysiology of schizophrenia [16]. Moreover, it is possible that 

IgA responses to those TRYCATs may exert adverse effects in their own right. Natural IgM is a 

key factor of the innate immune system and has strong antioxidant and immune-regulatory effects 

and functions as a first-line defense against Gram-negative bacteria [24,51,52]. By inference, 

lowered natural IgM may be accompanied by a greater inflammatory potential and greater impact 

of gut commensal Gram-negative bacteria once they are translocated from the gut lumen through 

loosened gut barriers [20]. PON1 is an enzyme with strong antioxidant and anti-inflammatory 

properties [25] and lowered levels in schizophrenia are accompanied by increased immune 

responses [53,44]. Moreover, PON1 has quorum quenching properties thereby attenuating quorum 

sensing of Gram-negative bacteria (including P. aeruginosa) through the enzymatic impact on N-

acyl homoserine lactones [55,56]. As such, PON1 may be considered to be part of the innate 

immune system protecting against Gram-negative bacteria and, therefore, lowered levels of PON1 

activity may be accompanied by aggravated immune responses and increased translocation of 

Gram-negative bacteria. 

All in all, increased products of activated M1, Th-1, Th-2 and Th-17 cells may impact OSOS 

through neurotoxic effects exerted by increased levels of cytokines/chemokines such as CCL-11, 

CCL-2, IL-1β, IL-6, TNF-α, IL-4 and IL-13 [14], and neurotoxic TRYCATs such as PA, XA and 

3HK [16]. Moreover, lowered innate immune protection against Gram-negative bacteria and 

inflammatory processes through lowered natural IgM [18] and PON1 activity [25,53,54] together 

with upregulated gut paracellular pathways [17,19] may explain the greater impact of gut 

commensal bacteria on the SGF. Furthermore, as explained previously, increased production of 
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some neurotoxic products in schizophrenia (including CCL-11 and neurotoxic TRYCATs) may be 

associated with damage to the tight junctions of the BBB [17] thereby allowing the entrance of 

greater amounts of neurotoxic substances into the brain [17]. 

In conclusion, schizophrenia phenomenology comprises two biologically-validated 

dimensions, namely a general dimension, which reflects OSOS, and an SGF, which reflects 

negative symptoms and PMR. The general OSOS dimension is associated with a breakdown of the 

gut and BBB paracellular tight and adherens junctions and increased levels of noxious TRYCATs 

while the SGF is associated with deficits in innate immunity as indicated by lowered natural IgM 

and PON1 activity coupled with an increased impact of Gram-negative bacteria. Figure 5 shows 

an integration of the findings of the present study with our previous results that deficit 

schizophrenia (or MNP) is a qualitatively distinct nosological entity than non-deficit schizophrenia 

(or SNP). Thus, the current study shows that OSOS increases along a continuum from healthy 

people → non-deficit schizophrenia → deficit schizophrenia in association with indicants of 

increased neurotoxic potential (noxious TRYCATs and M1, Th-1, Th-2, and Th-17 cytokines) and 

damage to the tight/adherens junctions of the gut/BBB barriers. As OSOS increases along a 

continuum, the SGF items (negative symptoms and PMR) appear and become more prominent, 

and coupled with increasing severity of FTD and PHEM symptoms shape a distinct nosological 

entity, namely deficit schizophrenia. Lowered levels of natural IgM and PON1 activity may 

predispose towards SGF symptoms and, therefore, deficit schizophrenia, by increasing the 

neurotoxic impact of immune products and Gram-negative bacteria. As such, OSOS increases 

along a continuum (continuum theory), whereas deficits in innate immunity (lower natural IgM 

and PON1 activity) and the associated SGF shape deficit schizophrenia as a qualitatively distinct 

entity.  
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Figure 1. Partial regression plot of the general factor (GF) OSOS (overall severity of 

schizophrenia) on IgA to paracellular / transcellular (PARA/TRANS) ratio. 
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Figure 2. Mean (SE) values of all biomarkers, the OSOS (overall severity of schizophrenia) 

general factor (GF) score, and the single-group factor (SGF) score. 

IgA/IgM PARA/TRANS: IgA/IgM directed to paracellular / transcellular proteins; IgA 

PA+XA+3HK: IgA directed to the sum of three neurotoxic tryptophan catabolites, namely 

picolinic acid, xanthurenic acid and 3-OH-kynurenine; CMPAase: paraoxonase (PON)1 

(CMPAase) activity; IgM MDA: IgM directed to malondialdehyde; IgM G-B: IgM directed to 

Gram-negative bacteria; HC: healthy controls; NONDEF: non-deficit schizophrenia; DEF: deficit 

schizophrenia 
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Figure 3. Results of Partial Least Squares (PLS) analysis. This analysis is performed in the total 

study group with a latent vector extracted from the eight symptom domains as an output variable 

(named: overall severity of schizophrenia or OSOS) and the biomarkers, sex and education as input 

variables.  

SANS: Scale for the Assessment of Negative Symptoms; PANSS: the Positive and Negative 

Syndrome Scale; FTD: formal thought disorders; PMR: psychomotor retardation (see table 1 for 

computation). IgA/IgM PARA/TRANS: IgA/IgM directed to paracellular / transcellular proteins; 

Neurotoxic TRYCATs (tryptophan catabolites): IgA PA+XA+3HK computed as IgA directed to 

the sum of the z scores of picolinic acid, xanthurenic acid and 3-OH-kynurenine; Shown are the 

path coefficients for the inner model and factor loadings for the outer model. 
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Figure 4. Results of Partial Least Squares (PLS) analysis. This analysis is performed in the 

schizophrenia study group with a latent vector extracted from the eight symptom domains as an 

output variable (named: overall severity of schizophrenia or OSOS) and the biomarkers, and 

education as input variables.  

SANS: Scale for the Assessment of Negative Symptoms; PANSS: the Positive and Negative 

Syndrome Scale; FTD: formal thought disorders; PMR: psychomotor retardation (see table 1 for 

computation). IgA/IgM PARA/TRANS: IgA/IgM directed to paracellular / transcellular proteins; 

IgM MDA: IgM values directed to malondialdehyde;  

Shown are the path coefficients for the inner model and factor loadings for the outer model.  
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Figure 5. The bifactorial factor model, deficit and nondeficit schizophrenia. 

OSOS: General factor overall severity of schizophrenia; SGF: single-group factor; BBB: blood 

brain barrier; TRYCATs: tryptophan catabolites; PON: paraoxonase; M1 macrophage; Th: T 

helper; IL: interleukin; MNP: major neuro-cognitive psychosis; SNP: simple neuro-cognitive 

psychosis; HC: healthy controls 
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Table 1. Demographic and clinical data in normal controls and schizophrenia patients 

 

Variables Controls  Schizophrenia  F/Ψ/X2 df  

Age (years) 37.4 (12.8) 41.1 (11.02) 2.73 1/118 0.101 

Sex (M/F) 10/30 43/37 8.94 1 0.003 

BMI (kg/m2) 24.0 (4.3) 24.5 (5.1)  0.23 1/113 0.630 

Education (years) 14.3 (4.9) 12.3 (4.2) 5.18 1/118 0.025 

Employment (N/Y) 4/36 46/34 24.75 1 <0.001 

Nicotine dependence (N/Y) 38/2 75/5 0.025 - 0.783 

SANS total score 0.5 (1.8)  35.1 (23.8)  MWU - 0.001 

PANSS negative subscale score 7.0 (0.0)  19.3 (10.4)  MWU - 0.001 

Psychosis (z score) -0.820 (0.003) 0.415 (0.996) MWU - <0.001 

Hostility (z score) -0.595 (0.001) 0.301 (1.113) MWU - <0.001 

Excitation (z score) -0.809 (0.009) 0.404 (1.004) MWU - <0.001 

Mannerism (z score) -1.144 (0.003) 0.579 (1.623) MWU - <0.001 

FTD (z score) -0.761 (0.007) 0.385 (1.032) MWU - <0.001 

PMR (z score) -0.771 (0.143) 0.390 (1.021) MWU - <0.001 
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IgA PARA/TRANS (z score) -0.851 0.208 0.008 0.177 23.10 1/106 <0.001 

IgM PARA/TRANS (z score) -0.544 0.226 0.209 0.193 18.42 1/106 <0.001 

IgM MDA (z score) 0.066 0.201 -0.162 0.201 1.26 1/106 0.264 

Sum noxious TRYCATs (z score) -1.325 0.617 0.362 0.525 10.13 1/106 0.002 

PON1 activity (U/mL) 43.87 (2.01) 37.08 (1.36) 7.67 1/106 0.007 

IgM Gram-negative bacteria (z score)  -0.033 (0.161) 0.017 (0.110) 0.06 1/106 0.801 

 

All results are shown as mean (SD) 

A,B,C: pairwise comparisons among group means 

MWU: Results of Mann-Whitney U test; BMI: body mass index 

SANS: Scale for the Assessment of Negative Symptoms; PANSS: the Positive and Negative Syndrome Scale; FTD: formal thought 

disorders; PMR: psychomotor retardation (see table 1 for computation). 

IgA/IgM PARS/TRANS: IgA to paracellular / transcellular ratio; MDA: malondialdehyde; TRYCATs: tryptophan catabolites including 

picolinic acid + xanthurenic acid + 3-OH-kynurenine) 
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Table 2. Partial Correlation coefficients between negative symptoms as measured with the SANS (Scale for the Assessment of 

Negative Symptoms) and the negative subscale of the PANSS (the Positive and Negative Syndrome Scale) and other key symptoms of 

schizophrenia (SCZ) 

 

                   In controls and SCZ combined                             In SCZ only 

Domains SANS PANSSnegative SANS PANSSnegative 

Psychosis 0.714 0.761 0.570 0.661 

Hostility 0.518 0.475 0.403 0.358* 

Excitation 0.812 0.852 0.723 0.791 

Mannerism 0.617 0.581 0.474 0.445 

FTD 0.563 0.591 0.373* 0.443 

PMR 0.827 0.862 0.749 0.814 

 

The correlation coefficients were adjusted for age, sex, education. 

All significant at p<0.0001; except *: significant at p<0.005 

FTD: formal thought disorders; PMR: psychomotor retardation (see table 1 for computation). 
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Table 3. Results of Exploratory Factor Analysis (EFA) performed on the eight key symptom dimensions of schizophrenia 

 

 HC+SCZ SCZ 

Variables                     BCa Factor loadings and 95% CI  

SANS 0.896 (0.837-0.935) 0.831 (0.726-0.894) 

PANNSneg 0.906 (0.841-0.943) 0.865 (0.761-0.918) 

Psychosis 0.946 (0.912-0.973)  0.907 (0.850-0.950) 

Hostility 0.709 (0.577-0.808)  0.625 (0.439-0.735) 

Excitation 0.960 (0.926-0.977) 0.945 (0.891-0.974) 

Mannerism 0.783 (0.681-0.862) 0.677 (0.486-0.784)  

FTD 0.764 (0.664-0.830) 0.642 (0.424-0.752)  

PMR 0.789 (0.710-0.854) 0.694 (0.567-0.798) 

                 Parameter values (500 bootstrap 95% CI) 

% variance 75.179 65.425 

Keiser-Meier-Olkin (KMO) test 0.88909 (0.876-0.915) 0.85185 (0.827-0.884) 

Bayesian Information Criterion (BIC) 151.668 (111.874-226.352) 155.920 (109.010-227.448) 

Comparative Fit index (CFI) 0.968 (0.916-0.992) 0.920 (0.802-0.981) 

Root mean Square Error (RMSEA) 0.152 (0.0801-0.2335) 0.204 (1.094-0.2948) 

Root Mean square of residuals  
Kelley’s criterion 

0.0799 (0.051-0.115) 

0.0917 

0.1148 (0.071-0.161) 

0.1125 

Weighted Root Mean Square Residual  0.2298 (0.141-0.339) 0.2853 (0.171-0.427) 

Goodness of Fit Index (GFI) 0.990 (0.978-0.996) 0.975 (0.945-0.992) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 August 2019                   doi:10.20944/preprints201908.0132.v1

https://doi.org/10.20944/preprints201908.0132.v1


43 

 

Adjusted GFI (AGFI) 0.987 (0.969-0.995) 0.965 (0.923-0.988) 

Unidimensional Congruence (UNICO) 0.987 (0.973-0.996) 0.968 (0.929-0.991) 

Explained Common Variance (ECV) 0.895 (0.851-0.936) 0.838 (0.776-0.899) 

Mean of Item Residual Absolute Loadings (MIREAL) 0.268 (0.207-0.330) 0.322 (0.245-0.387)  

Generalized H index 0.981  0.964  

Factor Determinacy index  0.986 0.977 

 

We performed two EFAs one on controls and patients combined (HC+SCZ) and a second in schizophrenia (SCZ) patients only 

Significant loadings (>0.6) are shown in bold; CI: confidence intervals 

SANS: Scale for the Assessment of Negative Symptoms; PANSS: the Positive and Negative Syndrome Scale; FTD: formal thought 

disorders; PMR: psychomotor retardation (see table 1 for computation). 
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Table  4. Results of Pure Exploratory Bifactor analysis, bias-corrected and accelerated (BCa) bootstrap with 95% confidence intervals  

 

                                                   BCa Factor loadings and 95% CI 

Samples All subjects combined (HC+SCZ)  SCZ only 

Factors Single-Group Factor General Factor Single-Group Factor General Factor 

SANS 0.500 (0.364 / 0.618) 0.782 (0.720 / 0.855) 0.645 (0.346 / 1.010) 0.693 (0.520 / 0.888) 

PANNSneg 0.591 (0.493 / 0.715) 0.774 (0.734 / 0.822) 0.681 (0.389/ 0.964) 0.696 (0.595 / 0.813) 

Psychosis 0.096 (-0.017 / 0.179) 0.964 (0.931 / 0.994) -0.043 (-0.257 / 0.135)  0.999 (0.990 / 1.023) 

Hostility -0.137 (-0.269/ 0.084) 0.807 (0.711 / 0.874) -0.011 (-0.167 / 0.439)  0.719 (0.458 / 0.898) 

Excitation 0.311 (0.234 / 0.397) 0.897 (0.855 / 0.937) 0.174 (-0.141 / 0.330) 0.974 (0.854 / 1.060) 

Mannerism -0.049 (-0.172 / 0.111) 0.850 (0.763 / 0.903) 0.056 (-0.037 / 0.316) 0.743 (0.474 / 0.897)  

FTD 0.076 (-0.107 / 0.277) 0.777 (0.660 / 0.855) -0.224 (-0.875 / -0.051) 0.717 (0.522 / 0.879)  

PMR 0.647 (0.552 / 0.750) 0.642 (0.558 / 0.682) 0.737 (0.586 / 1.045) 0.487 (0.115 / 0.633) 

                                     Parameter values (500 bootstrap 95% CI) 

Variance 1.150 5.337 1.508 4.731 

Bayesian Information Criterion (BIC) 134.44 (115.822-162.751) 116.426 (106.536-139.196) 

Comparative Fit index (CFI) 0.996 (0.977-1.006) 1.00 (0.940-1.090) 

Root mean Square Error (RMSEA) 0.065 (0.0050-0.1500) 0.001 (0.00-0.1518) 

Root Mean square of residuals  

Kelley’s criterion 

0.0246 (0.014-0.035) 

0.0917 

0.0443 (0.001-0.084) 

0.1125 
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Weighted Root Mean Square Residual  0.0610 (0.034-0.101) 0.0243 (0.00-0.042) 

ORION marginal reliability 0.847 0.958 0.950 0.999 

Expected % of true differences (EPTD) 90.3% 95.9% 95.3% 100% 

Factor Determinacy index 0.920 0.979 0.975 0.999 

Generalized H index 0.858 (0.671-0.914) 0.966 (0.946-0.995) 0.950 (0.812-1.0) 0.999 (0.953-1.062) 

 

We performed two bifactorial EFAs one on controls and patients combined (HC+SCZ) and a second in schizophrenia (SCZ) patients 

only Loadings (>0.6) are shown in bold; CI: confidence intervals 

SANS: Scale for the Assessment of Negative Symptoms; PANSS: the Positive and Negative Syndrome Scale; FTD: formal thought 

disorders; PMR: psychomotor retardation (see table 1 for computation). 
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Table 5. Results of multiple regression analyses with the (bifactorial) general factor (GF) OSOS (overall severity of schizophrenia) 

and the single group factor (SGF) as dependent variables and the biomarkers as explanatory variables. 

 

Dependent 

variables 

Explanatory  

variables 

β t p F model Df p R2 

#1. GF OSOS in 

all subjects 

Model    23.67 5/111 <0.001 0.513 

IgA PARA/TRANS 0.397 5.60 <0.001 

IgM PARA/TRANS 0.283 3.92 <0.001 

Male sex 0.188 2.81 0.006 

Education -0.188 -2.74 0.007 

Sum noxious TRYCATs 0.156 2.31 0.023 

         

#2. Bifactorial GF 

OSOS in all 

subjects 

Model    18.98 4/112 <0.001 0.404 

IgM PARA/TRANS 0.266 3.35 0.001 

IgA PARA/TRANS 0.327 4.25 <0.001 

Male sex 0.245 3.34 0.001 

Education -0.201 -2.66 0.009 

         

#3. Bifactorial 

SGF in all subjects 

Model    12.97 5/111 <0.001 0.369 

IgA PARA/TRANS 0.285 3.47 0.001 

CMPAase -0.263 -3.42 0.001 

IgM MDA -0.381 -4.077 <0.001 

IgM Gram-negative B 0.201 2.27 0.025 

Female sex 0.166 2.10 0.038 

         

#4. Bifactorial GF 

OSOS in SCZ only 

Model    10.32 3/75 <0.001 0.292 

IgM PARA/TRANS 0.232 2.23 0.029 

Education -0.298 -3.03 0.003 

IgA PARA/TRANS 0.289 2.81 0.006 

         

Model    11.65 4/74 <0.001 0.386 
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IgA/IgM: IgA to paracellular / transcellular ratio; MDA: malondialdehyde; CMPAase: paraoxonase 1 activity; TRYCATs: tryptophan 

catabolites including picolinic acid + xanthurenic acid + 3-OH-kynurenine) 

  

#5. SGF in SCZ 

only 

IgA PARA/TRANS 0.287 2.91 0.005 

CMPAase -0.263 -2.84 0.006 

IgM MDA -0.408 -3.53 0.001 

Sum Gram-negative B 0.267 2.45 0.017 
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Table 6. Results of Partial Least Squares analysis  

 

Reliability data ALL PARTICIPANTS SCZ only 

                     Mean (5000 bootstraps) (SD) 

SANS 0.919 (0.015) 0.889 (0.018) 

PANNSneg 0.924 (0.015) 0.918 (0.015) 

Psychosis 0.936 (0.015)  0.870 (0.041) 

Hostility 0.743 (0.053)  0.621 (0.087) 

Excitation 0.948 (0.010) 0.919 (0.019) 

Mannerism 0.810 (0.046) 0.678 (0.080)  

FTD 0.794 (0.040) 0.641 (0.081)  

PMR 0.834 (0.029) 0.795 (0.040) 

Reliability data ALL PARTICIPANTS SCZ only 

Model SRMR 0.035 0.060 

Rho_A 0.963 (0.006) 0.958 (0.011) 

Composite reliability 0.960 (0.006) 0.935 (0.013) 

Cronbach alpha 0.952 ((0.007) 0.920 (0.014) 

Average variance extracted 0.752 (0.028) 0.649 (0.044) 
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We performed two PLS analyses: one in all subjects combined and a second in schizophrenia (SCZ) patients only 

SANS: Scale for the Assessment of Negative Symptoms; PANSS: the Positive and Negative Syndrome Scale; FTD: formal thought 

disorders; PMR: psychomotor retardation (see table 1 for computation). Significant Loadings (>0.6) are shown in bold 
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