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Cognitive deficits have an important role in the neurodevelopment of schizophrenia and other 

psychotic disorders. However, there is a continuing debate as to whether cognitive impairments in 

the psychosis prodrome are stable predictors of eventual psychosis or undergo a decline due to the 

onset of psychosis. In the present study, to determine how cognition changes as illness emerges, 

we examined baseline neurocognitive performance in a large sample of helping-seeking youth 

ranging in clinical state from low-risk for psychosis through individuals at clinical high-risk 

(CHR) for illness to early first-episode patients (EFEP). At baseline, the MATRICS Cognitive 

Consensus battery was administered to 322 individuals (205 CHRs, 28 EFEPs, and 89 help-

seeking controls, HSC) that were part of the larger Early Detection, Intervention and Prevention of 

Psychosis Program study. CHR individuals were further divided into those who did (CHR-T; 

n=12, 6.8%) and did not (CHR-NT, n=163) convert to psychosis over follow-up (Mean=99.20 

weeks, SD=21.54). ANCOVAs revealed that there were significant overall group differences 

(CHR, EFEP, HSC) in processing speed, verbal learning, and overall neurocognition, relative to 

healthy controls (CNTL). In addition, the CHR-NTs performed similarly to the HSC group, with 

mild to moderate cognitive deficits relative to the CTRL group. The CHR-Ts mirrored the EFEP 

group, with large deficits in processing speed, working memory, attention/vigilance, and verbal 

learning (>1 SD below CNTLs). Interestingly, only verbal learning impairments predicted 

transition to psychosis, when adjusting for age, education, symptoms, antipsychotic medication, 

and neurocognitive performance in the other domains. Our findings suggest that large 

neurocognitive deficits are present prior to illness onset and represent vulnerability markers for 

psychosis. The results of this study further reinforce that verbal learning should be specifically 

targeted for preventive intervention for psychosis.
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Impaired neurocognition has long been recognized to be a core feature of schizophrenia.

(Green, 2006, Nuechterlein et al., 2004) Cognitive deficits in attention, processing speed, 

working memory, verbal declarative memory, and executive functioning,(Gold, 2004, 

Heinrichs and Zakzanis, 1998) for example, are not only readily apparent in the established 

illness,(Harvey et al., 2010) but also prior to the onset of the disorder.(Cannon et al., 2000) 

In fact, a pattern of cognitive dysfunction generally holds across a range of ages and clinical 

states, including very early in the pre-psychosis illness state, as extensively documented in 

individuals at clinical high-risk (CHR)(Brewer et al., 2006, Carrion et al., 2015, Cornblatt et 

al., 2015, Hawkins et al., 2004, Niendam et al., 2006, Seidman et al., 2010, Woodberry et al., 

2010) for developing psychosis. Of particular interest, the early deficit pattern is typically 

less severe but qualitatively matches the cognitive impairment established for fully affected 

patients across all phases of psychosis.(Aylward et al., 1984, Reichenberg et al., 2006) 

Decades of research have focused on the role of cognitive deficits in the processes leading to 

psychosis and possible prevention via cognitive remediation because of this developmental 

pattern. Nevertheless, there are a number of unresolved issues limiting progress in the field. 

Chief among these is whether cognitive impairment acts as a stable risk factor in a largely 

neurodevelopmental process or follows a neurodegenerative course through the progression 
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of the illness.(Harvey, 2009, Pino et al., 2014) A second, and related issue, is whether 

cognition as a whole declines after the onset of psychosis or whether deterioration is found 

only in specific domains. These distinctions have important implications for progress in 

prevention research. For example, treatment might best be directed to early and specific 

deficits while these are still moderate in intensity, thereby reducing the disease vulnerability,

(Cornblatt et al., 2003, Pukrop et al., 2007) possibly limiting the profound disability that is 

associated with the illness or improving the neurocognitive functioning itself.(Green and 

Harvey, 2014)

Recent efforts aimed at reconciling the neurodevelopmental and neurodegenerative 

perspectives have increasingly focused on the extent of neurocognitive deficits prior to 

psychosis onset in Clinical High-Risk (CHR) adolescents and young adults(2017) (also 

referred to as ultra-high-risk, UHR) who display clinical features (e.g., symptoms, 

behaviors) that place them at heightened risk for developing psychosis. To date, numerous 

cross-sectional studies have reported small-to-medium impairments across various cognitive 

domains prior to illness onset (approximately 0.3–0.6SDs below healthy controls) in CHR 

individuals.(Fusar-Poli et al., 2012, Giuliano et al., 2012, Woodberry, 2010) However, as 

noted above, these impairments are not as large as those seen upon first-episode of 

psychosis,(Corigliano et al., 2014, Jahshan et al., 2010, Woodberry et al., 2013, Zhang et al., 

2015) typically 1.0–1.5SDs below healthy controls.(Corigliano, 2014, Zhang, 2015)

The aforementioned pattern of impairments suggests that while deficits precede acute 

psychosis manifestation, the period from CHR to psychosis onset may involve a progressive 

decline.(Kim et al., 2011) In this case, rather than serving as vulnerability markers, 

neurocognition would serve as an illness (state) indicator of a worsening clinical state in the 

context of a neurodegenerative process. Accordingly, most functions would be deteriorating 

at around the same time as the illness progressed.(Knoll et al., 1998, Seidman et al., 2006)

Alternatively, and consistent with neurodevelopmental models,(Cornblatt, 2003, Lewis and 

Levitt, 2002, Murray et al., 1992, Walker and Bollini, 2002, Weinberger, 1987, Zubin and 

Spring, 1977) there is evidence from CHR individuals that neurocognitive impairments are 

risk factors for psychosis that reflect underlying vulnerabilities of the emerging 

illness(Carrion, 2015, Cornblatt, 2015, Hawkins et al., 2008, Keefe et al., 2006, Lencz et al., 

2006a, Seidman, 2010) and do not decline post-onset.(Carrion, 2015) For example, a recent 

report from the North American Prodrome Longitudinal Study (NAPLS), a large-scale, 

prospective study of high-risk youth, found that CHR subjects who transition to psychosis 

(also referred to as CHR converters) had moderate deficits in attention and working memory 

and declarative memory (approximately −0.75 SDs below controls) and performed 

significantly worse on these dimensions than non-converters (Cohen d effect size of 0.28 and 

0.48, respectively). Transition to psychosis was best predicted by baseline measures of 

verbal learning and declarative memory.(Seidman et al., 2016) In a recent report from our 

group(Carrion, 2015), CHR converters showed large domain-specific impairments at 

baseline in processing speed, verbal memory, sustained attention, and executive function, 

compared to CHR non-converters. These impairments were stable and persistent, but showed 

no further deterioration when retested soon after psychosis onset.(Carrion, 2015)
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These findings suggest that comparisons between CHR individuals and first-episode patients 

on neurocognitive performance are confounded, since, as a group and over a short-term (6–

30 months), only approximately 20–35% of at-risk individuals are found to have an acute 

episode.(Fusar-Poli et al., 2013) As a result, CHRs are expected as a group to be much less 

severely impaired.(Bang et al., 2015, Liu et al., 2015) The true comparison, therefore, must 

be with individuals who are tested when they meet CHR criteria and develop psychosis over 

the course of the study. To date, however, very few studies have directly compared baseline 

performance of CHR converters to first-episode patients using the same neurocognitive 

battery.

The current study aimed to examine the baseline neurocognitive performance of three 

clinical subgroups of adolescents and young adults seeking treatment for psychosis-related 

symptoms. As part of the Early Detection, Intervention and Prevention of Psychosis 

Program (EDIPPP(McFarlane, 2012)), baseline performance on the Measurement and 

Treatment Research to Improve Cognition in Schizophrenia (MATRICS)(Green and 

Nuechterlein, 2004, Green et al., 2004b, Kern et al., 2004, Nuechterlein et al., 2008) 

consensus cognitive battery was collected from help-seeking controls (HSC), CHR 

individuals, and early first-episode psychosis patients (EFEPs). Help-seeking controls were 

included as an ecologically valid clinical control group, as they were referred to the 

prodromal clinic for risk assessment though did not meet strict CHR criteria.(McGlashan et 

al., 2010) In addition, healthy comparison subjects (CNTL) were included to examine 

deviation from general population norms.

In the present study we aimed to: (1) Compare the three diagnostic subgroups (HSCs, CHRs, 

EFEPs) across six MATRICS neurocognitive domains, relative to healthy comparison 

(CNTL) subjects; (2) Examine differences between CHRs who transitioned to psychosis 

(CHR-T) to CHRs who did not (CHR-NT) and the EFEPs group; and (3) Determine whether 

specific neurocognitive impairments predict psychosis conversion among CHR youth. Our 

hypotheses were three-fold. First, we expected differences in baseline neurocognition across 

groups, with the largest global impairment in the EFEP group. Second, based on previous 

findings,(Addington et al., 2017, Cornblatt, 2015, Hauser M., 2017) we expected CHRs who 

transitioned to psychosis to perform worse than CHRs who did not transition to psychosis, 

specifically in verbal learning and processing speed. Finally, we expected baseline 

neurocognition to predict transition status beyond symptoms and other potential 

confounders, further supporting the role of neurocognition as a vulnerability marker for 

psychosis onset.

Material and Methods

The data reported here were collected as part of EDIPPP, a large multi-site clinical trial for 

reducing risk for psychosis among young people funded by the Robert Wood Johnson 

Foundation (2007–2011).(Lynch et al., 2016, McFarlane et al., 2015) EDIPPP consisted of 

six participating sites: Portland, ME; Glen Oaks, NY; Ann Arbor, MI; Salem, OR; 

Sacramento, CA; Albuquerque, NM. Details of the study design, study implementation, 

assessments, psychosocial and pharmacological treatments, methods, and sample 

characteristics have been reported elsewhere.(Carrion et al., 2016, McFarlane, 2015) 

Carrión et al. Page 4

J Psychiatr Res. Author manuscript; available in PMC 2020 November 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Following standard CHR research, attenuated positive symptom levels were measured using 

the Scale of Prodromal Symptoms (SOPS) from the Structured Interview for Prodromal 

Syndromes (SIPS(Miller et al., 2003, 2002, 1999). Allocation to treatment was determined 

by a clinical cut-off. Scores ≥7 on total attenuated positive symptom levels defined the 

treatment group (N=250) and <7 defined the control condition (N=87).

In order to compare our findings with the CHR literature, in this study the CHR group was 

reconfigured to only include subjects meeting the standardly used Criteria of Prodromal 

Syndromes (COPS) as defined by the SIPS. After the reconfiguration, the original 337 

subjects included 210 CHR subjects, 32 EFEPs, and 95 HSCs (please see(Carrion, 2016) for 

more details). Five CHRs, 4 EFEPs, and 6 HSC did not complete the MATRICS battery at 

baseline and were therefore removed from the current study, leaving a final sample of 205 

CHRs, 28 EFEPs, and 89 HSCs.

CHR inclusion criteria were based on the presence of one or more SOPS rated attenuated 

positive symptoms (scale of 0–6) CHR subjects met one of the three Criteria of Prodromal 

Syndromes (COPS) diagnoses based on the SIPS(Miller, 2003, 2002, 1999); 1) Attenuated 

Positive Symptom Syndrome (APS), presence of attenuated positive symptoms, 2) Genetic 

Risk and Deterioration Syndrome (GRD), genetic risk for psychosis with deterioration in 

global functioning, and 3) Brief Intermittent Psychotic Syndrome (BIPS), intermittent, 

psychotic symptoms that are recent, brief in duration, and not seriously disorganizing or 

dangerous.

EFEPs included participants with psychotic symptoms of <30 days duration, defined 

according to the Presence of Psychosis Scale (POPS) criteria: developing any psychotic level 

intensity positive symptom (SOPS score of 6) that is sustained for at least an hour per day, at 

an average of 4 days per week over 1 month, or demonstrating seriously disorganized or 

dangerous behavior. Individuals in the HSC group had sought help at one of the EDIPPP 

prodromal sites, but did not meet standard COPS criteria(Miller, 2003, 2002, 1999) and had 

attenuated positive symptoms that were: 1) Long-standing (>1 year) at severity levels of 3–5 

(n=38); 2) Did not meet severity criterion (APS<3, n=55); and 3) At severity levels of 0, 

(n=2). These help-seeking individuals were combined, as post-hoc comparisons revealed no 

significant differences between the first two subgroups on key demographic (i.e., age, gender 

ratio, education) and neurocognitive variables (IQ and overall neurocomposite score).

Although published MATRICS normative data are available,(Kern et al., 2008) the present 

report also includes a healthy comparison (CNTL) group (n=60) that is well-matched to the 

CHR subjects on key demographic features. CNTL subjects were recruited and enrolled at 

the RAP Program at Hillside through announcements in local newspapers and within the 

medical center.

Inclusion criteria required participants to be 12–25 years-old. Exclusion criteria were: 1) 

Psychotic episode (SOPS score=6) for longer than 30 consecutive days, 2) Prior episode of 

psychosis or having received antipsychotic medication for ≥30 days at a dosage appropriate 

to treat a psychotic episode, 3) IQ<70, 4) Permanent residence outside the catchment area, 5) 
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Non-English speaking, 6) Current imprisonment in the criminal justice system, and 7) 

Psychotic symptoms due to an acute toxic or medical etiology.

Written informed consent (with assent from participants <18 years-old) was obtained from 

all participants. The research protocol was approved by the IRBs at the six participating 

sites.

Baseline Clinical and Neurocognitive Assessments

Details of the clinical assessment are reported elsewhere.(McFarlane, 2012) Axis I 

diagnoses were assessed by the Structured Clinical Interview for DSM-IV Axis I Disorders, 

Clinician Version (SCID-I/CV).(First et al., 1995) Prodromal symptoms were assessed by 

the SIPS and the companion SOPS.(Miller, 2003, 2002, 1999)

Neurocognition was assessed with the MATRICS Consensus Cognitive Battery which 

includes ten neuropsychological tests that assess seven neurocognitive domains(Green et al., 

2004a, Nuechterlein, 2004): 1) Speed of Processing (Trail Making Test Part A, Brief 

Assessment of Cognition in Schizophrenia, Symbol Coding); 2) Attention/Vigilance 

(Continuous Performance Test: Identical-Pairs); 3) Working Memory (Wechsler Memory 

Scale Spatial Span, Letter-number Span); 4) Verbal Learning (Hopkins Verbal Learning 

Test); 5) Visual Learning (Brief Visuospatial Memory Test; BVMT); 6) Reasoning and 

Problem-solving (Neuropsychological Assessment Battery: Mazes); and 7) Social Cognition 

(Mayer-Salovey-Caruso Emotional Intelligence Test: Managing Emotions; MSCEIT). Of 

these domains, the MSCEIT was not included because it was developed specifically for 

adults and is not considered appropriate for adolescents.

In a partial sample (n=262), estimated full-scale IQ scores were derived from the Vocabulary 

and Block Design subscales of the Wechsler Intelligence Scale for Children, 3rd Edition 

(WISC-III)(Wechsler, 1991) for subjects <16 years-old, and the Wechsler Adult Intelligence 

Scale, Revised (WAIS-R)(Wechsler, 1981) for subjects ≥16 years-old.

Clinical Outcome

Of the 205 CHR subjects, 175 (85.4%) had at least one follow-up assessment to determine 

CHR transition (or ‘conversion’) status (CHR-T=transition to psychosis; CHR-NT=not 

transition to psychosis). Of the 175, 12 (6.85%) transitioned to psychosis (defined according 

to POPS criteria) over the course of the study. Mean follow-up time (to transition or last 

follow-up) was 99.20 weeks (SD=21.54; median=106.00).

Statistical Analyses

All analyses were conducted using SPSS 16.0 (SPSS Inc., Chicago, Illinois). Prior to 

neurocognitive domain construction, raw test scores were log-transformed to reduce 

skewness and improve distribution. Test scores were then transformed into standard Z-scores 

using the age-stratified means and SDs of CNTLs to control for age-related changes in 

performance (Mean=0, SD=1). When appropriate, tests were reverse-scored so that lower 

scores reflected worse performance. Domain scores with multiple tests were computed by 

averaging each subject’s Z-scores on tests assessing the same neurocognitive domain and 
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then re-standardized using the mean and SD of the domain scores of CNTLs. Global 

neurocognitive performance was calculated by averaging the neurocognitive domains and 

then re-standardizing using the mean and SD of the global composite of CNTLs. The 

number of individuals contributing to the analysis of any particular test varied slightly 

because of subject compliance.

Comparisons of demographic and clinical characteristics were performed with Student’s T-

tests for continuous variables, Pearson Chi-Square or Fisher Exact tests for categorical 

variables, and Kolmogorov-Smirnov Z for one ordinal variable (two-tailed, P<0.05). 

Individual ANCOVAs were used to examine differences in neurocognitive performance by 

domain, with group as a between-subject factor, neurocognitive domain scores as dependent 

variables, and adjustment for age, education level, and anti-psychotic medication usage at 

testing (Yes/No). Post-hoc comparisons were performed with Bonferroni corrections for 

multiple comparisons.

The predictive associations between neurocognitive performance and transition to psychosis 

were examined in two steps. First, six separate Cox proportional hazard models were 

constructed (enter, LR method, P<0.05) with the neurocognitive domain scores of the CHR-

Ts and CHR-NTs as independent variables. The −2 log-likelihood ratio test was used to test 

the overall significance. Second, a follow-up multivariable model was constructed to 

determine whether specific neurocognitive domains could predict conversion to psychosis, 

above and beyond the contributions of key demographic variables, symptom levels, as well 

as neurocognitive performance in the other domains. This model included all six 

neurocognitive domain scores, adjusting for age, gender, education level, Total SIPS-Positive 

Symptoms, and baseline anti-psychotic medication usage at testing. Bootstrapped 95% 

confidence intervals (B=10,000 bootstrap samples) were used to internally validate the 

model.(Sauerbrei and Schumacher, 1992)

Results

Demographic and Clinical Characteristics

Table 1 summarizes the baseline demographic and clinical characteristics of the four 

subgroups.

The four subgroups were fairly well-matched, comparable on gender ratio, race, ethnicity, 

and handedness. The subgroups were also comparable on estimated current IQ. EFEPs were 

significantly older than the HSC and CHR groups. In addition, CNTLs and EFEPs had 

significantly more education than the HSCs and CHRs.

Attenuated positive and disorganized symptoms significantly differed across all between-

group comparisons, with increased severity from CNTLs to HSCs to CHRs to EFEPs. 

Negative symptoms were significantly lower among CNTLs compared to the three clinical 

groups; and lower among HSCs compared to CHRs. General symptoms were significantly 

lower among CNTLs compared to HSCs, CHRs and EFEPs; and lower among HSCs 

compared to CHRs and EFEPs. In addition, GAF scores significantly differed across all 
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between-group comparisons, with decreased global functioning from CNTLs to HSCs to 

CHRs to EFEPs.

CNTLs did not carry any DSM-IV clinical diagnoses. Rates of mood disorder diagnoses 

were significantly lower among EFEPs compared to HSCs and CHRs; and higher among 

CHRs compared to HSCs. Rates of anxiety disorders were higher among CHRs compared to 

HSCs and EFEPs. Rates of substance abuse were not significantly different among the 

clinical subgroups.

At the time of neurocognitive test administration, no CNTLs were taking psychotropic 

medications (anti-psychotics, anti-depressants). Anti-psychotic medication usage 

significantly differed across all between-group comparisons, with a general pattern of 

greatest usage among EFEPs, followed by CHRs and then HSCs with the lowest usage. The 

three clinical subgroups (HSCs, CHRs, EFEPs) were comparable in anti-depressant 

medication usage.

Baseline Neurocognitive Performance: Comparisons Amongst All Clinical 
Diagnostic Subgroups—Figure 1 displays the mean performance across the six 

neurocognitive domains and overall neurocomposite score for the CHR, HSC, and EFEP 

groups, relative to the CNTL group (CNTL represented as 0). Individual ANCOVAs 

revealed that there were significant group differences in processing speed, verbal learning, 

and overall neurocognition. Differences in working memory and attention/vigilance were at 

trend levels (P<0.10). Moreover, visual learning, as well as reasoning and problem solving, 

were relatively intact and comparable across all subgroups.

As shown in Figure 1, when evaluated as a group, CHR subjects showed moderate 

impairments in processing speed (d=0.63) and attention/vigilance (d=0.69) relative to 

CNTLs, although these results did not reach statistical significance. In contrast, EFEPs had 

large impairments on most domains, with significant differences relative to the CNTL group 

on processing speed (Cohen’s d=1.09), verbal learning (d=0.72), and overall neurocomposite 

score (d=0.95) (see Table S1).

Moreover, the overall CHR group closely resembled the HSC group, with the HSC and CHR 

groups both showing moderate effect size impairments on processing speed (HSC, d=.63; 

CHR, d=0.63) and attention/vigilance (HSC, d=0.66; CHR, d=0.69; see Table S3) All 

subgroups had comparable performance on visual learning and reasoning and problem 

solving (see Table S1 for means, SDs, overall group and post-hoc subgroup comparisons).

Baseline Neurocognitive Performance: CHR-T and EFEP Subgroups—As shown 

in Figure 2, cognitive results are quite different when the CHR group was divided into 

individuals who did (CHR-T) and did not transition (CHR-NT) to psychosis over the course 

of the study. After teasing out the true positive CHR subjects from the overall CHR group, it 

became clear that the CHR-Ts resemble the EFEPs prior to psychosis onset, with large 

impairments for both groups (over 1SD) in the domains of processing speed, working 

memory, attention/vigilance, and verbal learning (see Table S2).
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Individuals who transitioned to psychosis (CHR-T) showed significant differences on 

processing speed (d=1.10), verbal learning (d=1.12), and overall neurocognitive 

performance (d=1.21) relative to CNTLs. (see Table S2) Compared to the CHR-NT group, 

the CHR-T group specifically showed significantly greater impairments on verbal learning 

(d=.86, p<.008, see Table S3 for more details).

Of interest, neurocognitive performance of CHR individuals who did not transition (CHR-

NT) continued to resemble the HSC group (see Figure 2), with relatively small effect size 

differences (Cohen’s d ranging from 0.00–0.16 across all domains, see Table S3).

Prediction of Transition to Psychosis—Of the six neurocognitive domains, working 

memory (HR=0.802, 95% CI=0.646–0.994; Wald χ2=1.736, df=1, P=0.044) and verbal 

learning (HR=0.747, 95% CI=0.615–0.908; Wald χ2=747, df=1, P=0.003) significantly 

predicted transition to psychosis (see Table S4). As shown in Table 2, only baseline verbal 

learning remained a significant predictor (P=.007) after adjusting for the contributions of key 

demographic variables (age, educational levels, gender ratio), SOPS positive symptom total 

and performance in the other five neurocognitive domains.

Discussion

In the current study, we compared baseline neurocognitive performance of three diagnostic 

groups of help-seeking youth that included individuals who did not meet CHR criteria 

(HSC), individuals at CHR for psychosis, and patients in their first-episode of psychosis 

(EFEP). We found that very early first-episode psychosis patients displayed the largest 

neurocognitive impairments. These baseline impairments were significantly larger than those 

among CHRs, which preliminarily suggested there may be a decline from the CHR state to 

post-psychosis onset. However, when considering CHR transition status, the baseline 

cognitive impairments among true-positive CHRs (i.e., CHR converters) and EFEPs were 

comparable. CHR non-converters matched help-seeking controls in performance, with both 

groups showing moderate-to-no baseline impairments relative to healthy comparison 

subjects. Moreover, baseline impairments in verbal learning predicted transition to 

psychosis. Taken together, our findings reinforce the notion that specific cognitive 

impairments (i.e., verbal learning) during the prodrome represent trait risk markers and may 

be more effective for predicting future psychosis than a global cognitive deficit.

Consistent with previous studies(Addington and Addington, 2002, Addington et al., 2003, 

2014), first-episode patients showed moderate-to-large impairments of around 1.0 SDs 

below CNTLs in specific areas of neurocognition; namely processing speed, working 

memory, sustained attention, and verbal learning. These impairments were generally larger 

than those in the overall CHR group, especially in verbal learning, where the overall CHR 

group showed performance similar to CNTLs (d=.01). Past studies typically found that 

CHRs are less cognitively impaired than already affected EFEPs, suggesting a decline in 

neurocognitive functioning following psychosis onset. However, to the best of our 

knowledge, only a small number of studies(Jahshan, 2010) have directly compared baseline 

performance of CHR converters to first-episode patients using the same cognitive test 

battery. In the present study, CHRs who transitioned to psychosis over follow-up (i.e., 
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converters) showed impairments closely mirroring those observed among early first-episode 

patients. Impairments in verbal learning and memory have consistently been shown to make 

an independent contribution to psychosis prediction among CHRs.(Cornblatt, 2015, Lencz et 

al., 2006b, Metzler et al., 2016, Pukrop, 2007) Our data supports this view, as we found that 

verbal learning contributed unique variance to the prediction of psychosis conversion above 

and beyond the contribution of several potential confounders and the neurocognitive 

performance across other MATRICS domains.

CHR non-converters demonstrated similar performance to the help-seeking control group, 

with overall neurocognitive performance at around −.4 SDs below healthy controls. This 

suggests neurocognitive impairments may not be specific to the CHR state; rather, they are 

most likely directly related to help-seeking behavior that includes receiving treatment for 

social and role functioning difficulties.(Carrion et al., 2011, 2013, Cotter et al., 2014, Olvet 

et al., 2015) Future CHR longitudinal studies should consider including help-seeking 

individuals who do not meet CHR criteria that may serve as psychiatric controls, in order to 

fully characterize deficits unique to both the overall CHR state and to truly prodromal 

individuals.

The current report had limitations. First, despite the longitudinal clinical design, the 

cognitive comparisons are essentially cross–sectional in nature. Future studies need focus on 

within-individual changes across time, especially within specific neurocognitive domains (as 

in the current report), and with declining clinical state. Second, heterogeneity (subthreshold 

positive and negative/functional symptoms) of the help-seeking control groups renders it 

difficult to determine the relationship between clinical symptoms and neurocognitive 

impairments. Third, the small sample size of the CHR converters may have reduced our 

ability to detect subtle group differences by virtue of limited statistical power. Despite the 

small sample size, however, verbal learning impairments among CHR converters 

dramatically predicted transition to psychosis. In addition, in order to ensure that the CHR 

subjects in the present study were representative of those included in standard CHR studies, 

only participants that met criteria for met one of the three COPS diagnoses based on the 

SIPS were included.

The present findings further support the notion that impairments in specific domains, rather 

than a general neurocognitive impairment, may provide insight into the process underlying 

psychosis.(Chapman and Chapman, 1978) Moreover, our findings have major implications 

for neurocognitive remediation and training programs. Such programs have effectively 

targeted overall neurocognition among adult patients.(McGurk et al., 2007, Wykes et al., 

2011) In contrast, prodromal training programs for youth have not as yet been as successful.

(Lewandowski, 2016) Our results suggest neurocognitive training among prodromal youth 

may benefit from targeting specific domains, which has recently been implemented in adults 

with schizophrenia.(Kurtz et al., 2017) This approach may also shorten the intervention time 

and, in turn, improve feasibility among younger participants. In addition, our findings 

suggest that neurocognitive interventions in at risk youth should be initiated as early as 

possible as neurocognitive impairments in ‘true-positive’ participants may be long-standing 

as opposed to more recently emerging attenuated positive symptoms.
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In conclusion, our findings reinforce the utility of neurocognitive indices as markers of 

psychosis susceptibility, with a specific emphasis on verbal learning. This supports the 

inclusion of this deficit in the NAPLS2 psychosis risk calculator as reported by Cannon et al.

(2016) and replicated by Carrión et al.(2016) In line with a neurodevelopmental perspective,

(Cornblatt, 2003, Weinberger, 1987) our findings highlight the important underlying role of 

cognition prior to the onset of psychosis as vulnerability markers, which may ultimately 

serve as a prime target for preventive intervention. This may have implications for the future 

conceptualization of the Attenuated Psychosis Syndrome (APS) diagnosis currently included 

in the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) in 

Section III under “conditions for further study”. In particular, criteria defining the at-risk 

syndrome should consider the specific neurocognitive impairments that have consistently 

predicted impending psychosis.
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Figure 1. 
Baseline Neurocognitive Performance Among Help-Seeking Controls (HSC), Clinical High-

Risk (CHR), and Early First-Episode Patients (EFEP), relative to Healthy Comparison 

subjects
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Figure 2. 
Baseline Neurocognitive Performance Among CHR Converters (CHR-T), CHR Non-

Converters (CHR-NT), and Early First-Episode Patients (EFEP), relative to Healthy 

Comparison subjects
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Table 1.

Demographic and Clinical Characteristics of Participants at Baseline

Characteristic

Healthy 
Controls 
(CNTL) 
(n=60)

Help-seeking 
Controls (HSC) 

(n=89)

Clinical High-
Risk (CHR) 

(n=205)

Early First 
Episode 

(EFEP) (n=28) P Value Post-hoc

Age, mean (SD) 17.16 (0.33) 16.40 (3.13) 16.46 (3.30) 18.39 (3.36) 0.014 EFEP>HSC, CHR

Years of education, mean 
(SD) 11.25 (2.38) 9.84 (2.60) 9.75 (2.63) 11.29 (2.43) 0.000 CNTL>HSC, CHR; 

EFEP>HSC, CHR

Gender, No. (%)

Male 31 (51.7) 59 (66.3) 120 (58.5) 17 (60.7) 0.34 -

Race, No. (%)

White 35 (58.3) 27 (31.8) 126 (64.3) 13 (48.1) 0.37 -

Ethnic Origin

Hispanic, No. (%) 12 (20.0) 13 (14.9) 31 (15.7) 3 (12.0) 0.78 -

Handedness, Right, No. 
(%) 79 (89.8) 189 (92.2) 24 (88.9)

Estimated Current IQ, 
mean (SD) 103.32 (13.36) 106.06 (17.32) 105.15 (16.65) 103.33 (14.35) 0.14 -

Total SOPS score, mean 
(SD)

Positive 1.15 (1.82) 5.53 (3.47) 12.06 (4.22) 19.68 (3.47) 0.000 *

Negative 1.90 (0.29) 11.97 (6.67) 13.98 (5.67) 14.46 (6.70) 0.000 CNTL<HSC, CHR, 
EFEP; HSC<CHR

Disorganized 0.83 (1.29) 3.81 (2.63) 5.77 (3.11) 9.36 (3.69) 0.000 *

General 1.33 (2.00) 8.72 (4.45) 10.98 (4.22) 12.07 (4.85) 0.000
CNTL<HSC, CHR, 
EFEP; HSC<CHR, 

EFEP

GAF, mean (SD) 82.63 (12.78) 48.68 (12.95) 40.28 (12.47) 24.94 (12.46) 0.000 *

DSM-IV Diagnoses, No. 
(%)

Mood
b - 31 (34.8) 104 (50.7) 4 (14.3) 0.000 EFEP<HSC, CHR; 

CHR>HSC

Anxiety
c - 23 (25.8) 88 (42.9) 6 (21.4) 0.005 CHR>HSC, EFEP

Substance Abuse
d - 10 (11.2) 15 (7.3) 2 (7.1) 0.521 -

Test Medication, No. (%)

Anti-psychotics - 13 (14.6) 54 (26.3) 15 (53.6) 0.000 *

Anti-depressants - 13 (14.6) 52 (25.4) 4 (14.3) 0.074 -

Note: SOPS=Scale of Prodromal Symptoms; GAF=Global Assessment of Functioning.

a
Socioeconomic status, Hollingshead index (Hollingshead & Redlich, 1958), where 1–3 “high” and 4 –5 “low”.

b
DSM-IV defined diagnosis of major depressive disorder, dysthymic disorder, mood disorder NOS, or depressive disorder NOS.

c
DSM-IV defined diagnosis of panic disorder, posttraumatic stress disorder (PTSD), obsessive-compulsive disorder (OCD), generalized anxiety 

disorder, anxiety disorder NOS, or phobias including simple phobias and social phobia.
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d
DSM-IV defined diagnosis of alcohol, amphetamine, cannabis, cocaine, hallucinogen, nicotine, opioid, or polysubstance related substance abuse 

disorder.

*
All Groups Different From Each Other
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Table 2.

Cox Proportional Hazard Models Predicting Transition to Psychosis (CHR-T vs. CHR-NT)

Predictor Variable B SE Wald Hazard Ratio Bootstrapped 95% CI
a P Value

Total SIPS Positive Symptoms 0.219 0.079 7.583 1.244 0.115–1.442 0.006

Age −0.391 0.291 1.814 0.676 −2.123–0.197 0.178

Gender 0.030 0.816 0.001 1.030 −2.084–6.104 0.971

Education level 0.759 0.360 4.449 2.137 −0.002–3.853 0.035

Anti-psychotics at testing −0.351 0.920 0.146 0.704 −2.292–4.477 0.703

Processing Speed 0.254 0.296 0.739 1.289 −0.592–2.451 0.390

Working Memory 0.117 0.217 0.291 1.125 −1.11–1.124 0.589

Attention/Vigilance 0.102 0.333 0.093 1.107 −0.95–2.157 0.760

Verbal Learning −0.533 0.198 7.275 0.587 −3.098–(−0.033) 0.007

Visual Learning −0.213 0.294 0.522 0.808 −2.542–0.442 0.470

Reasoning and Problem Solving −0.122 0.200 0.375 0.885 −0.568–3.821 0.540

Note: Mean Total SIPS Positive Symptoms (SD) of CHR-T=15.17 (3.24) vs. CHR-NT=11.92 (4.06), p=.008; Mean Age (SD) of CHR-T=18.33 
(3.09) vs. CHR-NT=16.43 (3.32), p=.056; Gender Ratio (% Male) of CHR-T=66.7% vs. CHR-NT=57.9%, p=.73; Mean Education level (SD) of 
CHR-T=11.5 (2.36) vs. CHR-NT=9.68 (2.61), p=.02; Anti-psychotics at testing (%) of CHR-T=33.3% vs. CHR-NT=27.4%, p=.74.

a
B=10,000 bootstrap samples
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