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Abstract

Background: Most studies of neurocognitive functioning in Clinical High Risk (CHR) cohorts 

have examined group averages, likely concealing heterogeneous subgroups. We aimed to identify 

neurocognitive subgroups and to explore associated outcomes.

Methods: Data were acquired from 324 participants (mean age 18.4) in the first phase of the 

North American Prodrome Longitudinal Study (NAPLS-1), a multi-site consortium following 

individuals for up to 2½ years. We applied Ward’s method for hierarchical clustering data to 8 

baseline neurocognitive measures, in 166 CHR individuals, 49 non-CHR youth with a family 

history of psychosis, and 109 healthy controls. We tested whether cluster membership was 

associated with conversion to psychosis, social and role functioning, and follow-up diagnosis. 

Analyses were repeated after data were clustered based on independently developed clinical 

decision rules.

Results: Four neurocognitive clusters were identified: Significantly Impaired (n=33); Mildly 

Impaired (n=82); Normal (n=145) and High (n=64). The Significantly Impaired subgroup 

demonstrated the largest deviations on processing speed and memory tasks and had a conversion 

rate of 58%, a 40% chance of developing a schizophrenia spectrum diagnosis (compared to 24.4% 

in the Mildly Impaired, and 10.3% in the other two groups combined), and significantly worse 

functioning at baseline and 12-months. Data clustered using clinical decision rules yielded similar 

results, pointing to high convergent validity.

Conclusion: Neurocognitive profiles vary substantially in their severity and are associated with 

diagnostic and functional outcome, underscoring neurocognition as a predictor of illness 

outcomes. These findings, if replicated, are a first step toward personalized treatment for 

individuals at-risk for psychosis.

Keywords

Heterogeneity; Clinical High Risk; Neuropsychology; functional outcome; cluster analysis

1. Introduction

Neurocognitive dysfunction is a central feature of schizophrenia (Heinrichs, 2005; Kahn and 

Keefe, 2013; Nuechterlein et al., 2012; Schulz and Murray, 2016) and, to a lesser extent, 

other psychoses (Lewandowski et al., 2011). It is also a key determinant of social and role 

functioning (Green, 1996), (Meyer et al., 2014). Based largely on cross-sectional studies, 

significant but modest impairments have been observed in the premorbid phase (Cannon et 

al., 2002; Reichenberg et al., 2010; Woodberry et al., 2008), somewhat greater deficits 
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during the prodromal or clinical high risk (CHR) period (Bora and Murray, 2014; Fusar-Poli 

et al., 2012; Giuliano et al., 2012), and relatively severe deficits by the first episode (Aas et 

al., 2014; Danaher et al., 2018; Mesholam-Gately et al., 2009). In the first and second phases 

of the North American Prodrome Longitudinal Studies (NAPLS 1, NAPLS 2) (Seidman et 

al., 2010; Seidman et al., 2016), as well as in a number of meta-analyses (Bora and Murray, 

2014; Fusar-Poli et al., 2012; Giuliano et al., 2012), baseline neurocognitive performance in 

those who later convert to psychosis (roughly 25%−35% when followed up to 3 years 

(Fusar-Poli et al., 2013)) is significantly worse than in non-converters. Effect sizes (ESs) 

tend to be modest across most neurocognitive domains in non-converters (Cohen’s d = −0.26 

to −0.67), and a bit larger (d= −0.35 to −0.84) in those who convert to psychosis (Giuliano et 

al., 2012). Declarative memory and attention/working memory are relatively strong 

predictors of psychosis (Frommann et al., 2011; Lencz et al., 2006; Michel et al., 2014; 

Seidman et al., 2010; Seidman et al., 2016).

Little attention, however, has been paid to inter-individual neurocognitive variability, except 

for distinguishing converters from non-converters. As neurocognitive function is variably 

impaired in most cases of established schizophrenia (ranging from near normal to globally 

and severely impaired performance (Ahmed et al., 2018; Bechi et al., 2018; Hill et al., 2002; 

Kremen et al., 2000; Ohi et al., 2017; Reichenberg and Harvey, 2007; Seidman et al., 1992; 

Van Rheenen et al., 2017; Weickert et al., 2000)), we also expect variability in the CHR 

phase. Moreover, there is considerable neurocognitive heterogeneity in the early phase of 

schizophrenia (Seidman, 1990). However, in contrast to recent cluster analyses that point to 

significant neurocognitive heterogeneity in psychosis and related affective disorders 

(Burdick et al., 2014; Reser et al., 2015; Lewandowski et al., 2014; van Rheenen et al., 

2017), there are no published studies characterizing neurocognitive heterogeneity in CHR 

samples or their clinical and functional consequences.

Moving from group averages to subgroups is necessary to develop a more personalized 

clinical approach to treatment of CHR individuals. Some youth initially identified as CHR 

fully remit, while others remain symptomatic without transitioning to psychosis (Woods et 

al., 2014). Advances have been made in developing “risk calculators” for the prediction of 

conversion to psychosis using combinations of symptoms, neurocognitive scores, social and 

role function measures and environmental variables (Cannon et al., 2016; Carrion et al., 

2016; Michel et al., 2014), and some have begun to incorporate biological measures (Clark 

et al., 2016). These are important advances in identifying individual predictors of conversion 

to psychosis. It is possible that identification of neurocognitively defined subgroups can 

enhance this effort.

There are several reasons that characterizing neurocognitive heterogeneity may refine risk 

profiles and potentially enhance treatment. First, profiles based on multiple tests use more 

information than any single test and thus may have more clinical utility (Lezak, 2013). 

Second, identifying strengths and weaknesses is important for the patient’s and family’s 

understanding of the nature of the illness (Seidman, 1994). Third, impaired cognition is a 

common complaint (“I can’t think”, “I can’t remember what I read”, etc.) and validation of 

such complaints is fundamental to their self-view (Woodberry et al., 2016). Moreover, 

neurocognitive deficits may be assessed more objectively and reliably than other aspects of 
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the CHR syndrome (e.g., attenuated positive symptoms) that may be more likely to fluctuate 

over time, and depend on the individual’s willingness to disclose them. Finally, as cognitive 

remediation becomes more widely utilized in CHR individuals (Keshavan et al., 2014; 

Wykes et al., 2011), treatments need to be relevant to the pattern and severity of cognitive 

problems (Hooker et al., 2014; Piskulic et al., 2015).

Broadly stated, there are two methods for identifying neurocognitive clusters. The typical 

approach to identifying subgroups is through cluster analysis, a statistical approach for 

elucidating heterogeneity (Ferreira, 2009). In neurocognitive research on schizophrenia, 

cluster analytic studies have typically indicated mainly quantitative rather than qualitative 

differences among schizophrenia subgroups (Goldstein et al., 1998; Goldstein and 

Shemansky, 1995), or have utilized only a single or small number of neuropsychological 

tests (Heinrichs and Awad, 1993; Heinrichs et al., 1997). Cluster analysis has not been 

applied to neurocognition in CHR samples.

The second, clinical method follows decision rules employed by clinicians to make 

judgments about brain damage and dysfunction, and severity and types of cognitive 

impairments (Lezak, 2013). This process hinges on the notion that the clinical 

neuropsychologist identifies strengths and weaknesses in an individual reflecting some 

admixture of developmental achievements due to genetics and environment and then losses 

due to neurologically damaging factor(s). A clinical clustering method has been used 

previously in neuropsychological studies of schizophrenia (Kremen et al., 2004). This paper 

represents the first use of both of these approaches in a CHR sample.

The goals of this study were to: 1) identify cognitive groupings of CHR participants; 2) 

assess the extent to which cognitive groups differ from one another on external correlates, 

examining the utility of this approach to meaningfully predict outcomes and diagnosis; and 

3) evaluate the comparability of the statistical and clinical cluster analytic approaches. We 

predicted heterogeneity in the level of cognitive impairment in CHR participants, and 

hypothesized that participants with higher levels of cognitive impairment would have 

increased risk of conversion to psychosis and poorer functional and clinical outcome.

2. Methods

2.1 Sample

Data were obtained in NAPLS-1 (Addington et al., 2007), a consortium of eight research 

centers studying CHR for psychosis between 2003–2008 (see Supplement for 

methodological details). Participants received baseline assessments and were observed for 

up to 2½ years (Addington et al., 2007; Cannon et al., 2008). Based on prior NAPLS’ study 

methods (Seidman et al., 2010), we included baseline data from eight neurocognitive tests 

on 324 individuals, yielding a sample of 166 CHR individuals, 49 persons with a Family 

History (FH) of psychosis without prodromal symptoms, and 109 Normal Controls (NCs) 

without a FH of psychosis or prodromal symptoms. Prior NAPLS reports have examined 

neurocognitive function in relation to conversion to psychosis or functional outcome 

(NAPLS 1 (Meyer et al., 2014; Seidman et al., 2010); NAPLS 2 (Seidman et al., 2016)); 

however, none reported on heterogeneity of neurocognitive profiles, nor on the relationship 
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of neurocognitive subgroups with conversion to psychosis or functional and diagnostic 

outcomes. All study protocols were approved by the Institutional Review Boards of the eight 

participating sites and all subjects gave informed consent.

2.2 Measures

2.2.1 CHR Status and Clinical Symptoms—The Structured Interview for Prodromal 

Syndromes (SIPS) and the Scale for Assessment of Prodromal Syndromes (SOPS) (Miller et 

al., 2002) were used to define CHR and conversion to psychosis. Summary scores were 

determined for each domain (positive, negative, disorganized, and general symptoms). Full 

details regarding SIPS criteria, reliability and consensus procedures are described elsewhere 

(Addington et al., 2007). The SCID (Williams et al., 1992) was used to establish DSMIV 

axis 1 diagnoses for baseline and follow-up.

Neurocognitive Assessment: A variety of neurocognitive measures were used across sites 

(Seidman et al., 2010), as NAPLS 1 was not a prospective multisite study, but rather a series 

of individual projects contributing to a federated database. Methods for data integration are 

reported in previous publications(Seidman et al., 2010) and in the Supplement. The eight 

cognitive tests used to derive neurocognitive profiles are shown in Table 1. Raw scores were 

standardized (z) against the control sample for analysis.

2.2.2 Social and Role Functioning—Functioning was assessed using the GF:Social 

and GF:Role scales (Cornblatt et al., 2012), specifically designed to assess functioning in at-

risk adolescents and young adults. Scales range from 1 to 10 (with higher scores indicating 

better functioning). We used the ‘current’ functioning scores (functioning levels in the 

month preceding assessment) at baseline, 6-months, and 12-months after baseline. Ratings 

for each scale were based on best estimates derived from all available information, an 

approach shown to yield high inter-rater reliability scores (Cannon et al., 2008; Cornblatt et 

al., 2007).

2.2.3 Follow-Ups—Participants were seen at six-month intervals and followed-up to 2½ 

years. All follow-up interviews included SIPS ratings and the two functioning scales. 

Consistent with prior publications (Cannon et al., 2008), conversion to psychosis was 

defined as the presence of a psychotic-level positive symptom (a score of 6 with a minimum 

duration of one week). For the majority of the cases (69.5%), a follow-up SCID interview 

was conducted at the time of conversion to determine DSM-IV diagnosis.

2.3 Statistical Analyses

2.3.1 Between-group comparability analyses—Analyses were performed using 

STATA 14.0 (StataCorps). We used between-group t-tests to examine the comparability of 

our included sample (n=324) versus participants without comparable neurocognitive data 

(n=563), and between study participants (i.e. those with neurocognition scores available) 

with and without baseline diagnostic (n=159 vs n=165) and (n=267 vs n=57; GF: Role and 

GF: Social) functional outcome data.
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2.3.2 Neurocognitive profile clusters—We first used the hierarchical clustering 

Ward’s method to structure the cognitive data (listed in table 1), one of the most reliable 

methods for deriving clusters (Ferreira, 2009). In this method, each case begins as its own 

cluster, and cases are joined into two clusters if this results in the minimum increase in the 

error sum of squares. Ward’s method keeps this growth as small as possible 

(www.stat.cmu.edu). We established the optimum number of clusters with the Duda and 

Hart (Duda, 1973) stopping rule, in which distinct clustering is characterized by large Je(2)/

Je(l) values and small pseudo-T-squared values (with larger T-squared values next to it) 

(Islam et al., 2015).

2.3.3 Associations between neurocognitive profiles, clinical and functional 
outcome—We used a Cox proportional hazard model to determine the effect of 

neurocognitive profile on time to conversion within the CHR cohort. Conversion was entered 

as a status variable, time to onset of psychosis or to end-of-study as a time variable and 

neurocognitive clusters, age at baseline, sex and baseline positive symptoms as predictor 

variables. Given the overlap between neurocognition and negative and disorganization 

symptoms (Dominguez Mde et al., 2009), Cox proportional hazard models including these 

symptom domains were explored as secondary analyses. Kaplan-Meier survival analysis was 

performed. Regression analyses were used to examine the magnitude of differences in 

neurocognitive performance between the most impaired profile compared to the rest of the 

sample, controlling for age and sex. There was no evidence for multi-collinearity in 

neurocognitive data (mean VIF =1.52), allowing for meaningful interpretation of the 

regression analyses.

Regression analyses over the entire sample were also performed to examine whether 

neurocognitive functioning accounted for variance in social and role functioning at baseline, 

6 month and 1-year follow-up, controlling for age and sex. Using Chi-square analyses we 

explored whether the clusters indicating greater neurocognitive impairment were associated 

with higher rates of schizophrenia-spectrum diagnoses.

2.3.4 Clinical approach—To explore whether we could derive similar results using a 

clinical approach, data were clustered based on rules used by clinical neuropsychologists 

(Kremen et al., 2004; Lezak, 2013). A participant was considered “Normal” if performance 

on all cognitive domains was better than 1.5 standard deviation below the control mean, OR 

if a maximum of one single domain was between 1.5 to 2 SD below the mean, with the 

performance of the rest of the domains being better than 1.5 SD below average mean. In the 

“Normal” cluster, none of the scores could be more than 2SD below control mean.

A participant was clustered as “Mildly Impaired” if s/he scored 2–3 SD below the mean on a 

single cognitive domain, or two domains fell 1.5 to 2 SD below the mean. To be categorized 

as “Significantly Impaired”, the participant had to score at least >3 SD on a single domain, 

or at least two domains >2 SD below the control mean (Kremen et al., 2004).

For both approaches, specificity and classification efficiency were calculated to explore the 

ability to predict conversion to psychosis (broadly), or risk for developing a diagnosis in the 

schizophrenia spectrum (specifically).
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3. Results

Of the 166 CHR participants with neurocognitive data, 54 (32.5%) converted to a psychotic 

disorder (comparable to the overall study conversion rate of 35%)(Cannon et al., 2008). 

None of the FH or Controls converted during the follow-up period. Mean time from baseline 

assessment to psychosis conversion was 11.4 months (SD= 7.0, range 6–30 months). 

Participants at baseline were 18.4 years of age (SD= 4.6). See Table 2 for baseline 

demographic, clinical and neurocognitive characteristics and Supplement for between-group 

comparability analyses.

3.1 Neurocognitive profile - cluster analysis

Duda and Hart Je (2)/Je (1) index results (Supplementary Table 1) suggested that a 

fourcluster solution best distinguished the cases using neurocognitive performance, while 

generating reasonably sized subgroups (Supplementary Table 2 for baseline characteristics 

by cluster). We labeled them according to their level of performance: Significantly Impaired 

(SI; n=33); Mildly Impaired (MI; n=82); Normal (N; n=145) and High Normal (HN; n=64). 

As shown in Figure 1a, the SI cluster largely distinguishes itself from the rest of the clusters 

by larger deviations from the control group on the TMT (processing speed; Beta= −.56, 

p<0.001) and declarative memory (Beta= −.58, p<0.001).

Figure 1b depicts group status by proportion of membership in each neurocognitive cluster. 

Significantly more CHR participants were assigned to the Impaired clusters than to N and 

HN clusters, with converters disproportionately represented in the SI cluster (X2(9) = 43.44, 

P < .001).

3.2 Associations between neurocognitive profiles, clinical and functional outcome

3.2.1 Conversion to psychosis—A more impaired cluster profile was predictive of 

conversion to psychosis after controlling for sex, age and baseline positive symptoms (β = 

0.48, se= 0.16, Z= 2.99, p= 0.003, hazard ratio (HR)=1.62, 95% CI= 1.18– 2.22). Figure 2a 

shows survival curves for the CHR group by neurocognitive clusters.

Adding negative and disorganized symptoms to a secondary model (removing the largely 

conceptually overlapping symptoms N6 (Occupational Functioning), and D3 (Trouble with 

Focus and Attention)) the predictive effect of cluster profile reduced to trend level (β = 0.34, 

se= 0.17, Z= 1.95, p= 0.05, hazard ratio (HR)=1.29, 95% CI= 1.00– 1.49).

3.2.2 Clinical outcome.—Figure 2b displays significant variation in follow-up 

diagnosis distributions across neurocognitive clusters (X2 (21) = 33.50; p=0.041). The SI 

group was most likely to be diagnosed with a schizophrenia-spectrum disorder. Individuals 

diagnosed with a mood disorder with (n=2) and without (n=35) psychotic features mostly 

had neurocognitive scores in the HN (14.3%), N (62.9%), and MI (22.9%) range, while there 

were relatively more individuals with a psychosis NOS diagnosis in the SI range (SI=25%; 

MI= 8%; N= 8%; HN=17%). Sixteen of 22 (72.3%) participants who had a final diagnosis 

of schizophrenia had MI or SI neurocognitive profiles.
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Figure 3 illustrates the difference in severity of baseline neurocognitive impairment in those 

with a follow-up diagnosis of schizophrenia versus any other, or no diagnosis (effect sizes 

are presented in Supplementary Table 3). Deviations were most pronounced on processing 

speed and memory tasks (TMT, Beta=0.31; Memory, Beta=0.39).

3.2.3 Functional outcome.—GF: Social scores and GF: Role scores were significantly 

worse in the more cognitively impaired groups at baseline (GF:Social: F (3, 263)=24.45, p< .

001, GF:Role: F(3, 263) =24.87, p< .001) (see Table 3). These differences were no longer 

apparent at 6-month follow-up. At month 12, however, social functioning scores were lower 

for the SI group compared to the rest of the sample (p=.012 compared to the MI group, and 

p< .001 compared to the N and HN groups), and lower in the MI compared to the N group 

(p=.004). At month 12, differences in role functioning were only apparent between the SI 

cluster and HN group (p=.002).

3.3 Neurocognitive profile - Clinical approach

By definition, there were three a priori defined groups (i.e., there was no HN group). Twenty 

one individuals were grouped as SI, 51 as MI, and 252 as N (Supplementary Table 4 for 

baseline characteristics by cluster). While the number of individuals assigned to impaired 

cognitive groups was lower compared to the cluster analysis (54.5% to 72.7%), the clusters 

showed similar patterns (Supplementary Figure 1).

3.3.1 Conversion to psychosis.—Worse clinical profile scores were predictive of 

psychosis after controlling for sex, age and baseline positive symptoms (β = .56, s.e. = 0.18, 

Z = −2.10, P = 0.036, hazard ratio (HR) = 1.75, 95% CI .21-.91).

Similar to the cluster approach, its predictive effect reduced to trend level when 

disorganization and negative symptoms were added to a secondary model (ß = 0.35, se= 

0.19, Z= 1.86, p= 0.063, hazard ratio (HR)=1.42, 95% CI= 0.98– 2.06).

3.3.2 Clinical outcome.—There was significant variation in follow-up diagnoses across 

clinical clusters (X2(8) = 19.55; P=0.012; Supplementary Figure 2b). Neurocognitively 

impaired participants were most likely to be diagnosed with a schizophrenia-spectrum 

disorder, and 85% of mood-disordered participants were assigned to the N group. However, 

here the diagnostic distribution did not differ between the MI and SI subgroups (X2 (4) = 

4.61; P=0.33), and the percentage with schizophrenia-spectrum diagnoses was marginally 

higher in the MI group compared to the SI group (43.5 vs 27.3%).

3.3.3 Functional outcome.—Social and role functioning scores at all timepoints were 

significantly lower for the two impaired neurocognitive clusters compared to the N group (p-

values range: p<0.001- p=0.004) (Supplementary table 5). In contrast to the statistical 

approach, the two cognitively impaired groups did not differ statistically from each other on 

social or role functioning measures.

3.3.4. Comparison of approaches.—SI group assignment for the cluster analytic and 

clinical approach had comparable specificity (specificity: 87% (95% CI: 0.79 – 0.92) versus 

91% (95% CI: 0.84 – 0.96)) and classification efficiency (classification efficiency: 63% 
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(95% CI: 0.55 – 0.70) versus 66% (95% CI: 0.59 – 0.73)) in predicting conversion to 

psychosis, as well as conversion to a disorder in the schizophrenia-spectrum (specificity: 

94% (95% CI: 0.87 – 0.98) versus 92% (95% CI: 0.85 – 0.96); classification efficiency: 82% 

(95% CI: 0.73 – 0.88) versus 78% (95% CI: 0.69 – 0.85)).

4. Discussion

To our knowledge, this is the first study to investigate neurocognitive profiles as contributors 

to outcome heterogeneity in a CHR for psychosis sample. The neurocognitive profiles 

derived from cluster analysis (SI, MI, N and HN) as well as from clinical decision rules (SI, 

MI, N) differ primarily on level of performance impairment (i.e. deviations from normal).

The SI cluster derived from cluster analysis distinguished itself from other clusters mostly 

by larger impairments on processing speed and, especially, memory tasks. Notably, 

individuals with a SI profile had a conversion rate of 58%, had a 50% chance of developing 

a schizophrenia spectrum diagnosis (versus 27.8% in the MI, 9.4 % in the N and 5.6% in the 

HN groups), and had significantly worse functioning scores at baseline and 12-months. 

Greater impairment was observed in those who subsequently developed schizophrenia in 

contrast to those with mood disorders. The clear concurrent and predictive associations 

between baseline neurocognition, conversion to psychosis, and functional and diagnostic 

outcome demonstrates the clinical relevance of neurocognitive profiles in CHR individuals. 

Convergent validity was shown by the pattern observed in cluster analysis that was largely 

reproduced using clinical decision rules, although this method underestimated the number of 

Impaired cases relative to the cluster analysis. These findings underscore the clinical utility 

for prediction of broad psychosis outcome and specifically the development of 

schizophrenia.

These findings elucidate cognitive heterogeneity in terms of the percentages of CHR 

individuals who are cognitively impaired (44.0% CHR/ 57.4% of converters, SI and MI 

combined) compared with N (42.8%/ 29.6%) or even HN (13.2%/13.0%) functioning. This 

affirms the commonsense truism about heterogeneity of neurocognitive functioning, and for 

the first time demonstrates its scope and consequences for the CHR population. This finding 

has the potential to influence the way clinicians think about and intervene with their CHR 

patients. They cannot assume a priori that neurocognitive impairment is present, as CHR 

individuals range from high functioning to significantly impaired. Given that neurocognitive 

profiles are significantly related to social and role functioning, and follow-up diagnosis, 

neurocognitive testing is relevant to the standard patient evaluation.

These data also have implications for treatment, particularly for treatments targeting 

neurocognition. Cognitive remediation can significantly, albeit modestly, improve cognition 

in schizophrenia (Keshavan et al., 2014; Wykes et al., 2011). Recently, cognitive remediation 

has been applied to CHR populations (Hooker et al., 2014; Piskulic et al., 2015) and this 

approach has considerable promise precisely because the deficits typically observed in CHR 

populations are milder than in schizophrenia. Even converters appear to manifest smaller 

decrements prior to conversion compared to typical first-episode schizophrenia patients: 

Baseline effect sizes in the CHR group who develop schizophrenia-spectrum disorders (in 
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Supplemental Table 2) are approximately 2/3 that of patients with first-episode 

schizophrenia (Mesholam-Gately et al., 2009). Moreover, our findings have implications for 

subject selection in cognitive treatment trials, as persons with good (“Normal”) or very good 

(“High”) neurocognitive functioning are unlikely to benefit much from cognitive 

remediation. Including them in cognitive enhancement interventions may obscure 

meaningful results and inadvertently lead to negative conclusions, when in fact differential 

treatment responses may be moderated by baseline neurocognitive profiles.

This study also elucidates the relationship between neurocognitive profiles and clinical 

outcomes, such as which CHR individuals are most likely to develop schizophrenia. This 

question has not been well-studied and to our knowledge, there have been no previous 

reports directly comparing the baseline neurocognitive profile of CHR individuals who later 

develop schizophrenia-spectrum vs. mood disorder. Our findings support at least two key 

points: first, consistent with models of the central impairments in the earliest phases of 

schizophrenia (Nuechterlein and Dawson, 1984; Seidman, 1983), those who develop 

schizophrenia are most likely to show relatively severe deficits [effect sizes (Cohen’s d) 

between 0.6–1.0] in four measures of vigilance/working memory (CPT-IP), and processing 

speed (Trails, Digit Symbol, Verbal fluency). Secondly, the substantial impairments in 

schizophrenia contrast notably to those observed in mood disorder, in which neurocognitive 

functioning is relatively normal, with the exception of Digit Symbol-Coding task 

performance. This supports the distinction of diagnostic specificity at the neurocognitive 

level during the prodrome to psychosis, and is consistent with research showing relative 

specificity of neurocognitive impairments during the premorbid phase (Agnew-Blais et al., 

2015; Seidman et al., 2013). These observations are tempered by the low frequency of mood 

disorders with psychotic features in this sample. Moreover, from an RDoC perspective 

(Insel, 2014), the differences mainly reflect a severity dimension and distinctly different 

mechanisms cannot be gleaned from these data.

Declarative memory appears to be the most impaired dimension observed in the SI 

subgroup. This is consistent with our overall analyses in NAPLS-1 (Seidman et al., 2010), 

our subsequent findings in NAPLS2 (Seidman et al., 2016), and in meta-analyses (Giuliano 

et al., 2012). It is notable that this study’s tests included only verbal learning and memory 

tests, but in the subsequent NAPLS-2 study, visual learning and memory was as impaired as 

verbal learning and memory (Seidman et al., 2016). Future research should address the 

neurobiological underpinnings of this memory impairment and whether it evolves over time 

in people who convert to psychosis, particularly schizophrenia.

Our results also support the notion that there is overlap between the cluster-analytic and 

clinical methods, as they largely identified similar associations with social and role 

functioning and other outcomes. However, as in a previous study, in which this clinical 

method was used in concert with purely statistical analyses (Reichenberg et al., 2009), the 

clinical method was also more conservative. It is not the purpose of this paper to prove that 

this specific set of clinical rules is optimal, rather to illustrate through different methods that 

neurocognitive function in CHR samples is characterized by significant heterogeneity, and 

that this is of clinical relevance.
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4.1 Limitations

This study has several limitations. First, the test battery was limited by the original selection 

and comparability of tests across federated NAPLS1 sites. In addition, because it is likely 

that some CHR subjects will convert to psychosis over longer periods of time, 

“misclassifying” some subjects as nonconverters may have reduced the differences observed 

in contrasts between converters and nonconverters. We also had limited data on medication 

status and other treatment exposures. It will be important in future CHR studies to account 

for the effects of treatment.

Additionally, only 70% had diagnostic interview data at final follow-up. However, because 

those who did not participate in follow-ups had more symptoms at baseline than those who 

did (see Supplement), it we may be underestimating the frequency of schizophrenia 

spectrum diagnosis in the lowest neurocognitive functioning group. Like many similar 

longitudinal studies, our dropout rate is a limitation. Finally, due to the interdependence of 

our outcome variables, we chose not to correct our analyses for multiple comparisons.

It is important to note that individual variation is not accounted for with cluster analyses, and 

replication sometimes yields different results. However, data derived from our clinical 

approach, independent from cluster analysis, runs counter to the idea that our results would 

significantly alter with small changes in input data. Both clinical and statistical methods 

yielded similar patterns, namely that the most pronounced deficits are in memory and 

processing speed (see Supplement), and had significant associations with functioning and 

diagnosis, strengthens the validity of the findings. Further research is needed to test which 

decision rules can be applied in clinical situations.

4.2 Conclusions

This study is the first to indicate that - using two independent approaches – baseline 

neurocognitive profiles in CHR individuals vary substantially in their severity and are 

associated with outcome, including outcome diagnosis. This underscores the relevance of 

neurocognition in prediction of illness progression. Individualized neurocognitive profiling 

requires replication and testing to determine its promise for personalized treatment for 

individuals at-risk for psychosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
a. Neuropsychological Z-scores by cluster

TMT= trail making test; CPT= continuous performance test; WCST = Wisconsin Card 

Sorting Test. Magnitude of difference between Significantly Impaired versus the rest of the 

sample: Vocabulary: Beta= - .42, p<.001; Block Design= −.34, p<.0001; Digit Symbol: Beta 

= −.28, p<0.001; TMT: Beta= −.56, p<0.001; CPT= −.26, p<0.001; Verbal Fluency: Beta= 

−.35, p<0.001; WCST: Beta= −.42, p<0.001; Memory: Beta= - .58, p<0.001.

Differences in cognitive performance between the Significantly Impaired group and the rest 

of the clusters were significant (p<0.05) for all tests

b. Group status by cluster

FH= Family History of Psychosis.

Cluster assignment by baseline group: CHR/Converters= 25.9% Significantly impaired; 

31.4% Mildly Impaired; 29.6% Normal; 13.0% High. CHR/Non-converters= 9% 

Significantly Impaired; 28.6% Mildly Impaired; 49.1% Normal; 13.3% High. FH= 6.1% 

Significantly Impaired; 32.7% Mildly Impaired; 51.0% Normal; 10.2% High. Controls: 

5.5% Significantly Impaired; 15.6% Mildly Impaired; 45.0% Normal; 33.9% High.
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Fig. 2. 
a. Survival curve within CHR population

This Kaplan Meier Survival curve presents the chance to survive the follow-up duration 

without a psychotic episode. X-axis = time in study (months), Y-axis= survival rate.

b. Follow-up diagnosis within CHR population

Follow-up diagnostic data was available for n=122 out of 166 CHR individuals
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Fig 3. 
Neuropsychological Z-scores by diagnosis within the CHR sample
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Table 1.

Neurocognitive assessments

Neurocognitive domain Test

Verbal Comprehension Vocabulary from the WISC, WAIS or WASI(Wechsler, 1981, 1991; Wechsler, 1999, 1997 ), a scale 
measuring verbal comprehension

Visual-perceptual organization Block Design(Wechsler, 1981, 1991; Wechsler, 1997 )

Vigilance and working memory Continuous Performance Test-Identical Pairs (CPT-IP) digits(Comblatt et al., 1988)

Speed of processing Digit Symbol-Coding)Weclisler, 1981, 1991; Wechsler, 1997 ) and (5) Trail Making Test Part 
B(Reitan, 1993)

Verbal fluency Controlled Oral Word Association (COWA)(Benton, 1983)

Problem solving/ executive functioning Wisconsin Card Sorting Test(Heaton, 1993; Kongs, 2000)

Verbal learning and memory Story recall tests from the Wechsler Memory Scale(Wechsler, 1987; Wechsler, 1997) for 
participants 17 years or older and Children’s Memory Scale(Cohen, 1997) for those younger than 
17 years, as well as list learning on the Hopkins Verbal Learning Test-Revised(Brandt J, 1998. ), 
Rey Auditory Verbal Learning Test(Lezak, 2013), and California Verbal Learning Test adult and 
child versions(Delis D, 1994; Delis DC, 2000).
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Table 2.

Baseline demographic and clinical characteristics of the study sample

A. CHR-C (n=54) B. CHR-NC (n=112) C. FH (n=49) D. NC (n=109) Statistics

Demographic characteristics

Age (M, SD) 18.9(3.9) 17.8(5.2) 18.7 (4.1) 18.8(4.5) NS

Male (n, %) 37 (68.5) 70 (62.5) 23 (46.9) 48 (44.0) A> C&D, B>D

White (n, %) 42 (77.8) 97 (86.6) 32 (65.3) 74 (67.9) B>D

Clinical symptomatology:

Positive symptoms (M, SD) 13.2 (4.7) 11.0 (3.6) 2.2 (1.6) .42 (.71) A>B>C>D

Negative symptoms (M, SD) 15.1 (6.3) 11.1 (6.8) 6.8 (6.2) .72 (1.32) A>B>C>D

Disorganization (M, SD) 8.3 (4.3) 5.6 (3.8) 2.4 (2.7) .33 (.54) A>B>C>D

General symptoms (M, SD) 9.2 (4.2) 7.9 (4.6) 3.3(44) .36 (.70) A & B >C>D

Functioning

GF: social (M, SD) 5.4 (1.3) 6.6 (1.6) 7.0 (1.3) 8.6 (.9) A<B,C<D

GF: role (M, SD) 5.9 (1.4) 6.3 (1.8) 6.7 (1.6) 8.8 (.9) A<C&D, B<D

GAF (M, SD) 41.4(11.4) 48.4(12.7) 68.0(13.1) 86.8(8.4) A<B<C<D

Neurocognitive functioning
1

Vocabulary −.54(1.09) −.05(1.10) −.67 (.80) .00(1.00) A&C <B& D

Block Design −.20(1.08) −.07 (.94) −.43 (.69) .00(1.00) NS

Digit Symbol - Coding −.71 (1.01) −.59(1.06) −.65 (.85) .00(1.00) A & B & C < D

Trail Making Test - B −.69(1.72) −.13(1.02) −.45 (.82) .00(1.00) A<B&D; C<D

Continuous Performance Test –IP 
(digits) −.50 (.86) −.38(1.05) −.30 (.98) .00(1.00) A&B < D

Verbal Fluency −.64(1.01) −.40 (.86) −.54 (.94) .00(1.00) A&B < D

Wisconsin Card Sorting Test −.19(1.00) .15 (.74) .19 (.78) .00(1.00) A<B&C

Memory −.91 (1.55) −.39(1.24) −.07 (.87) .05 (.97) A<B&C&D; B<D

1
For some categories, different tests were used depending on site and age of the participant. Z-scores are therefore reported here (see Table 2 in 

Seidman et al., 2010 for raw scores) CE1R-C = Clinical High Risk-Converters; CHR-NC = Clinical High Risk – non-converters; FH = Family 
History of Psychosis in First Degree Relatives; NC = Normal controls
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