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Abstract

Risk calculators for prediction of conversion of Clinical High-Risk (CHR) individuals to 

syndromal psychosis have recently been developed and have generated considerable clinical use 

and research interest. Predictor variables in these calculators have been clinical rather than 

biological, and our goal was to incorporate a neurochemical imaging measure into this framework 

and assess its impact on prediction. We combined striatal glutamate 1H MRS data with the SIPS 

symptoms identified by the Columbia Risk Calculator as having the greatest predictive value in 

order to develop an imaging-based risk calculator for conversion to psychosis. We evaluated the 

calculator in 19 CHR individuals, 7 (36.84%) of whom converted to syndromal psychosis during 

the 2-year follow up. The receiver operating characteristic (ROC) curve for the logistic model 

including only striatal glutamate and visual perceptual abnormalities showed an AUC=0.869 (95% 

CI = [0.667, 1.000]) and AUCoa=0.823, with sensitivity of 0.714, specificity of 0.917, positive 

predictive value of 0.833, and negative predictive value of 0.846. These results represent modest 
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improvements over each of the individual ROC curves based on either striatal glutamate or visual 

perceptual abnormalities alone. The preliminary model building and evaluation presented here in a 

small CHR sample suggests that the approach of incorporating predictive imaging measures into 

risk classification is not only feasible but offers the potential of enhancing risk assessment.
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1. Introduction

Substantial efforts have been made to develop predictors of which individuals at Clinical 

High-Risk for psychosis (CHR) will progress to syndromal psychosis. Initial studies focused 

on psychopathology assessed by symptom rating instruments, while more recent studies 

have employed multivariate prediction models or risk calculators (Cannon et al., 2016; 

Ciarleglio et al., 2019; Fusar-Poli et al., 2017). Despite their improvement in predictive 

validity, these models remain limited by their lack of specificity and principal reliance on 

clinical or other primarily phenomenological data. Further, clinicians cannot readily use 

current risk calculators (Cannon et al., 2016; Ciarleglio et al., 2019) because of the 

substantial training and expertise required to properly administer and score the Structured 

Interview for Psychosis-Risk Syndromes (SIPS; Miller et al., 2003), the clinical instrument 

on which they are primarily based.

A recent review demonstrated that combining or sequentially using clinical with 

neurobiological and physiological variables improves risk prediction in CHR individuals 

(Schmidt et al., 2017). Therefore, one way of addressing these limitations would be by 

combining biological measures, such as brain imaging, with clinically-based material in 

multivariate prediction models or risk calculators. Recent research in CHR individuals has 

focused on dysregulation of the major excitatory neurotransmitter system, glutamate. Using 

proton magnetic resonance spectroscopy (1H MRS), a number of studies in CHR subjects 

have documented these alterations in vivo. Although some cross-sectional studies in CHR 

subjects have documented increased (de la Fuente-Sandoval et al., 2011; de la Fuente-

Sandoval et al., 2015; Grent-’t-Jong et al., 2018; Liemburg et al., 2016), decreased (Shakory 

et al., 2018; Stone et al., 2009) or unchanged glutamatergic compounds (Demro et al., 2017; 

Egerton et al., 2014; Liemburg et al., 2016; Modinos et al., 2018; Natsubori et al., 2014; 

Nenadic et al., 2015) in comparison to healthy subjects, only 3 prospective studies have been 

published to date. Wood et al. did not find differences in hippocampal Glutamate + 

Glutamine (Glx) levels between subjects who transitioned to syndromal psychosis and the 

ones who did not (Wood et al., 2010). In contrast, the other 2 studies showed an association 

between increased glutamate levels and subsequent conversion to syndromal psychosis: 

Bossong and colleagues showed that CHR subjects who later developed syndromal 

psychosis had higher baseline hippocampal glutamate levels compared with CHR 

individuals who did not transition to syndromal psychosis (Bossong et al., 2019). The other 

prospective study similarly demonstrated that elevated baseline striatal glutamate in CHR 

individuals was associated with subsequent conversion to syndromal psychosis (de la 

Kegeles et al. Page 2

Schizophr Res. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fuente-Sandoval et al., 2013a). The aim of the present, exploratory study was to combine 

striatal glutamate data that was reported earlier (de la Fuente-Sandoval et al., 2013a) with 

SIPS-measured symptoms of this same cohort identified by the Columbia Risk Calculator 

(Ciarleglio et al., 2019) as exhibiting the greatest predictive value.

2. Materials and Methods

2.1. Participants

All procedures involving human subjects/patients who took part in the present study were 

approved by the Ethics and Scientific Committees of the National Institute of Neurology and 

Neurosurgery of Mexico (INNN). All subjects over 18 years old provided written informed 

consent; minors provided assent with written consent by a parent or legal guardian. 

Participants were CHR individuals recruited from the emergency department, first-episode 

psychosis clinic, and the Adolescent Program of Neuropsychiatric and Imaging Study 

(PIENSA), at the INNN in Mexico City. All included individuals (n=19) met criteria for 

CHR as defined in the SIPS (one met criteria for Brief Intermittent Psychosis Syndrome and 

18 for Attenuated Positive Symptom Syndrome) and were screened for drugs of abuse 

(benzodiazepines, cannabis, cocaine, heroin and opioids) at screening and 1 hour prior to the 

neuroimaging study. All subjects were antipsychotic naïve, scanned at presentation, and 

followed clinically for at least 2 years to determine whether they developed syndromal 

psychosis. The Structured Clinical Interview for DSM-IV (First, 1996) was used to ascertain 

the transition to syndromal psychosis. The 1H MRS data presented here were published 

previously (de la Fuente-Sandoval et al., 2013a).

2.2 Magnetic Resonance Neuroimaging Procedures

All neuroimaging studies were conducted at the INNN on a 3T scanner (Signa Excite HDxt, 

GE Healthcare, USA) with a high-resolution eight-channel head coil. Participants were 

initially imaged with a T1-weighted spoiled gradient-echo 3-dimensional axial acquisition 

(SPGR) oriented above and parallel to the anterior commissure- posterior commissure line 

(TE = 5.7 msec; TR = 13.4 msec; inversion time = 450 msec; flip angle = 20° ; FOV = 25.6 

cm; Matrix =256 x 256; slice thickness = 1 mm). These T1-weighted SPGR images were 

reformatted to sagittal and coronal views for optimal 1H MRS voxel placement. The lower 

end of the right dorsal caudate voxel was located 3 mm dorsal to the anterior commissure, 

including the maximum amount of grey matter, with a dorsal extension (thickness) of 2 cm 

(8 ml − 2 x 2 x 2 cm). The spectra were shimmed to achieve full width at half maximum 12 

Hz. 1H MRS spectra were obtained using point-resolved spectroscopy (TE = 35 msec; TR = 

2000 msec; spectral width = 5000 Hz; 4096 data points; and 128 water-suppressed averages 

and 16 water-unsuppressed averages) and analyzed using LCModel software, version 6.1-2T 

(Provencher, 1993). SPGR scans were segmented into gray matter, white matter, and 

cerebrospinal fluid (CSF) using Statistical Parametric Mapping 8 (Friston et al., 1995) 

(SPM8, Wellcome Department of Cognitive Neurology, London; http://

www.fil.ion.ucl.ac.uk/spm), and voxel location was used to compute the CSF content within 

each voxel, allowing correction for CSF fraction using the formula

[(metabolite)corrected = (metabolite)/(1 − CSF)] .
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2.3 Clinical Data

Our approach was to evaluate the additional predictive power of Columbia Risk Calculator 

variables when combined with striatal glutamate. The Columbia Risk Calculator utilized all 

of the symptoms on the SIPS, including information obtained by the SIPS but not 

traditionally scored, such as violent ideation and behavior, suicidal ideation and behavior, 

and subtypes of perceptual experiences (Brucato et al., 2018; Brucato et al., 2019; Ciarleglio 

et al., 2019). It also utilized scores from the Global Functioning Scale: Social (GF: Social) 

and Global Functioning Scale: Role (GF: Role) (Cornblatt et al., 2007). While in both the 

Columbia and NAPLS risk calculators P1 was an important contributor to risk for transition 

to syndromal psychosis, P4v (Lehembre-Shiah et al., 2017) was evaluated first since it was 

the most frequently selected variable (based on a lasso-penalized fitting procedure) with the 

largest standardized effect size in the Columbia Risk Calculator. The narratives of the P4 

(perceptual abnormalities) item derived from the SIPS interviews were assessed and rated by 

two trained clinicians (G Brucato and RR Girgis), blinded to conversion status of the 

subjects, in order to obtain its visual (P4v) and auditory (P4a) components. Within each 

group (converters/non-converters to syndromal psychosis), descriptive statistics were 

computed for a limited set of clinical and demographic variables.

2.4 Statistical Analysis

We compared converters and non-converters on striatal glutamate and P4v using two-sample 

t-tests (after assessing the normality assumption via quantile plots) and reporting Cohen’s d 

effect sizes. For each variable, we also computed the area under the receiver operating 

characteristic (ROC) curve (AUC) and its corresponding 95% bootstrap confidence interval 

(based on 2000 stratified bootstrap samples). Next, we fit a logistic regression model with 

conversion status as the outcome and striatal glutamate and P4v as the predictors. Lastly, we 

evaluated dysphoric mood (SIPS G2) as an additional predictor in our model since it had the 

second largest standardized effect size in the Columbia Risk Calculator. Both apparent and 

optimism-adjusted AUC (AUCoa) values were generated for these models. Statistical 

significance was set at p<0.05.

3. Results

3.1 Demographic and Clinical Information

Baseline imaging was obtained on a total of 19 right-handed CHR individuals, 7 (36.84%) of 

whom converted to syndromal psychosis. The demographic characteristics of the groups 

were similar (Gender: non-converters 9 (75%) male; converters 5 (71.43%) male; Age mean 

(SD): non-converters 20.33 (3.17), converters 18.57 (3.78)).

3.2 Imaging Risk Calculator

Figure 1 (a) shows boxplots of striatal glutamate and P4v values in the two groups and 

Figure 1 (b) shows the ROC curves for discrimination based on striatal glutamate alone, P4v 

alone, or the logistic model with both as predictors. Mean striatal glutamate values were 

significantly different (p=0.038) between converters (mean = 30.25, SD = 4.59) and non-

converters (mean = 25.86, SD = 3.84) with a large effect size (d = 1.07). The ROC curve for 
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striatal glutamate alone has an AUC=0.774 (95% CI = [0.500, 0.976]) and AUCoa=0.764. 

Mean P4v values were significantly different (p=0.010) between converters (mean = 1.29, 

SD = 1.60) and non-converters (mean = 3.33, SD = 1.44) with a large effect size (d =−1.37). 

The ROC curve for P4v alone has an AUC=0.821 (95% CI = [0.589, 1.000]) and 

AUCoa=0.821. The ROC curve for the logistic model with these two predictors has an 

AUC=0.869 (95% CI = [0.667, 1.000]) and AUCoa=0.823. The optimal cutoff for the model 

has a sensitivity of 0.714, specificity of 0.917, positive predictive value of 0.833, and 

negative predictive value of 0.846. Incorporation of dysphoric mood (SIPS G2, the 

independent variable with the next-largest standardized effect size in the Columbia Risk 

Calculator) into the model as an additional predictor added no further predictive ability 

(AUCoa=0.798). We did not include additional variables since, given the limited sample size, 

the inclusion of more variables would be detrimental to the model.

4. Discussion

These findings suggest that adding just one clinical variable (i.e., P4v) to a biological marker 

(i.e., striatal glutamate), each with substantial predictive properties, modestly improves the 

performance of either predictor alone and may yield a potentially useful imaging-based risk 

calculator for the prediction of conversion to syndromal psychosis. The estimated two-

predictor model performed well, with an AUCoa of 0.823 and high sensitivity, specificity, 

positive and negative predictive values. These are substantially greater than the Columbia 

Risk Calculator that was previously published, on which the current analysis was based 

(AUCoa = 0.73), and that only incorporated clinical symptoms and phenomenology in a 

large, independent sample (Ciarleglio et al., 2019). These findings also replicate, in an 

independent sample, that P4v is a robust negative predictor of conversion to syndromal 

psychosis, both alone and as part of a risk calculator (Ciarleglio et al., 2019; Lehembre-

Shiah et al., 2017). It is possible that the inclusion of information such as P4v, obtained 

when completing the SIPS but not traditionally scored, conferred the differential predictive 

components of the NAPLS and Columbia Risk Calculators (Ciarleglio et al., 2019). 

Importantly, P4v scores are associated with lower risk of conversion to syndromal psychosis 

(Lehembre-Shiah et al., 2017). That is, presence of a high P4v predicts low likelihood of 

transition to syndromal psychosis. This is consistent with the fact that visual hallucinations 

are relatively rare in schizophrenia (Waters et al., 2014) but one of the most common 

symptoms in the CHR population, occurring in more than 75% of individuals in this sample 

and others (Marshall et al., 2014). Therefore, it is both the absence of visual perceptual 

abnormalities that predicts conversion, and their presence that predicts that one will not 

convert (Ciarleglio et al., 2019; Lehembre-Shiah et al., 2017).

However, it is also possible that our model suffers from overfitting. Although a sample of 19 

unmedicated CHR individuals is acceptable for a brain imaging study, this sample size is 

limited for a study of prediction modeling since the number of events (i.e., conversions) per 

variable is relatively low. Replication in larger datasets is required to help determine whether 

the lack of added predictive power from addition of a second clinical variable was 

attributable mainly to the small sample size, and whether instead synergistic gain in risk 

prediction might instead be seen in larger samples from adding an imaging measure (or 

multimodal imaging data) to one or more clinical variables. Although 1H MRS is a non-
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invasive imaging technique that represents a potential tool for prediction of psychosis 

(Bustillo et al., 2019), it requires capabilities and resources, limiting its widespread use in 

standard treatment settings.

Despite these limitations, the results carry several implications. First, although combining 

striatal glutamate with P4v only modestly improved their predictive value, incorporating a 

biological measure into the risk calculator substantially decreases the requirement for 

clinical expertise in CHR and therefore substantially augments symptom-based criteria. In 

addition, it suggests a utility for risk calculators beyond only predicting conversion to 

syndromal psychosis – namely, the potential to use imaging-based risk calculators to provide 

information to patients and clinicians on cost-benefit ratios for specific somatic-based 

treatments, such as antipsychotic medications, given the evidence that they have been shown 

to decrease striatal glutamatergic compounds (de la Fuente-Sandoval et al., 2013b; de la 

Fuente-Sandoval et al., 2018), but also have greater side effects than psychosocial 

interventions. Finally, these results, taken together with other recent findings on glutamate in 

CHR individuals (Bossong et al., 2019), support further study of the predictive value of 

brain imaging biomarkers in psychiatry (First et al., 2018).
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Figure 1. 
(a) Box plots of striatal glutamate (left) and P4v (right) values by conversion status. (b) ROC 

curves for striatal glutamate alone, P4v alone, and for the logistic model with striatal 

glutamate and P4v.
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