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ABSTRACT 

Cognitive impairments in psychotic disorders (PD) present heterogeneously across patients. Between 2 

and 5 clusters have been identified in previous studies with first-episode (FEP) and multiple-episodes 

of psychosis (MEP) patients suggesting different profiles of impairment. Past findings suggest there are 

differences between FEP and MEP patients regarding severity and number of affected cognitive 

domains. Heterogeneity of cognitive deficits in PD has perhaps hindered our understanding of their 

course. The present study compared non-affective FEP and MEP patients to assess whether illness 

chronicity could influence cognitive impairment profiles. We analyzed cognitive data, collected with 

the Cogstate Schizophrenia Battery, of FEP and MEP patients using cluster analysis. We compared 

clustering methods to obtain a more robust solution. For FEP patients, data were collected at their entry 

to a specialized clinic; the MEP group consisted of in- and outpatients. Results suggested cognitive 

heterogeneity was similar in FEP and MEP samples, although in different proportions. Three clusters 

were identified as the most stable solution and comprised groups of patients with either 1- no cognitive 

impairment (over-representation of FEP), 2- generalized deficits (over-representation of MEP), or 3- 

intermediate impairments. These findings encourage early interventions adapted to the profile of 

impairment. 

 

Keywords: cognitive impairment; schizophrenia; first-episode; enduring; heterogeneity; cluster 

analysis 
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1. Introduction 

 Cognitive deficits, a core feature of psychotic disorders (PD), still represent an unmet 

therapeutic need (Gold, 2004; Heinrichs et al., 2013; Keefe et al., 2016). In 2004, the National Institute 

of Mental Health (NIMH) launched the Measurement and Treatment Research to Improve Cognition in 

Schizophrenia (MATRICS) initiative to develop treatment for cognitive deficits in schizophrenia 

(Green and Nuechterlein, 2004). A primary goal of this initiative was to identify distinct dimensions of 

cognitive impairments in PD that require clinical intervention. The workgroup identified 7 domains 

representing the most impaired and amenable to improvement, following treatment: speed of 

processing, attention/vigilance, working memory, verbal learning and memory, visual learning and 

memory, reasoning and problem solving, and social cognition (Green et al., 2004; Nuechterlein et al., 

2004).  

 

Impairments in these domains have also been identified in patients experiencing a first-episode 

of psychosis (FEP; Mesholam-Gately et al., 2009), however it remains unclear whether the severity of 

impairment is comparable. Using cross-sectional designs, some authors observed that FEP patients 

have less severe cognitive deficits than individuals who experience multiple episodes of psychosis 

(MEP) (Pukrop et al., 2006; Zhang et al., 2015). Yet, others have reported stable severity of cognitive 

impairments throughout illness progression (Corigliano et al., 2014; McCleery et al., 2014; Moritz et 

al., 2002; Sponheim et al., 2010). Some findings also indicate that smaller proportions of FEP patients 

present with cognitive deficits compared to MEP patients (Kremen et al., 2004; Lewandowski et al., 

2014; Reser et al., 2015). Authors have proposed that only the more disabled patients could appear in 

MEP samples (Duffy et al., 2017; Iasevoli et al., 2016; McGorry et al., 2014). FEP patients with a less 

severe form of illness may then follow different outcome trajectories, including complete recovery 

and/or termination of clinical services. Illness chronicity may also increase the severity of cognitive 
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impairments via lack of educational and vocational opportunities (Bergh et al., 2016; Boardman, 2011). 

Nonetheless, the course of cognitive deficits remains equivocal despite longitudinal investigations 

involving FEP patients followed up to 10 years. Bergh et al. (2016) and Rund et al. (2016) reported that 

the cognitive capacities of FEP patients stabilize over time, while Oie et al. (2010) observed a decline. 

Results of a meta-analysis including longitudinal studies with various follow-up lengths (average 12 

months) also suggested equivocal findings, depicting improvement on most of the cognitive tasks 

analyzed, however these improvements were likely due to practice effects (Szoke et al., 2008). A more 

recent review of the literature on the longitudinal evolution of cognitive changes in FEP patients 

suggested that although deficits are present in this stage of the illness, they tend to remain stable over 

time (Bozikas and Andreou, 2011). The authors report on one exception though, wherein verbal 

memory abilities may deteriorate. Hence, although it is well established that cognition is impaired in 

PD, the course of impairment is still poorly understood.  

 

One important factor to consider when refining our understanding of this issue is with respect to 

the highly heterogeneous nature of PD, both in terms of symptoms and underlying cognitive deficits 

(Seaton et al., 2001). Previous results using cluster analyses are unclear; solutions ranging from 2 to 5 

clusters (i.e., distinct cognitive profiles) have been reported in the literature. The nature of impairments 

across clusters also differ within studies. Identified clusters are comprised of patients with 1- severe 

and generalized cognitive impairments (between 15-25%), 2- normal cognitive functioning (between 

20-40%), or specific deficits in 3- visuospatial processing and memory, 4- executive functions, and/or 

5- verbal memory (Gilbert et al., 2014; Goldstein et al., 1998; Hill et al., 2002; Kremen et al., 2004; 

Lewandowski et al., 2017; Lewandowski et al., 2014). To our knowledge, three studies investigated a 

similar question in the FEP population, and all reported divergent findings (Ilonen et al., 2004; Reser et 

al., 2015; Uren et al., 2017). Ilonen et al. (2004) identified 3 clusters comprising FEP patients with 
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either 1- normal intellectual and memory function, 2- normal IQ accompanied by moderate memory 

impairments, or 3- mild mental retardation combined with severe memory deficits. Similarly, Uren et 

al. (2017) identified 3 clusters of FEP patients and healthy control participants with either 1- 

generalized impairments, 2- moderate deficits, or 3- intact performance. Conversely, Reser et al. (2015) 

identified 4 clusters of FEP patients presenting 1- global cognitive impairments, 2- normal cognitive 

capacities, 3- visual memory deficits, or 4- attentional and working memory impairments. Importantly, 

these results may have been influenced in part by the use of different cognitive test batteries.  

 

The use of various testing protocols across studies using cluster analysis has limited our 

understanding of the differences between FEP and MEP patients regarding the heterogeneity, severity, 

and cognitive profile patterns. Not all prior studies included control participants, and most used 

different clustering algorithms, cognitive tests, administration procedures, and scoring and 

standardization techniques. Further, some studies included both affective and non-affective psychosis 

diagnoses, which can be problematic as patients with these diagnoses may present different profiles of 

cognitive impairment severity (Bora, 2016). To our knowledge, no study has included different groups 

based on illness stage, and few have compared solutions obtained through different clustering 

algorithms.  

 

In the current study, we performed cluster analyses on a sample comprising both FEP and MEP 

patients to investigate whether cognitive heterogeneity is comparable across the psychosis continuum. 

Given the general trend of previous findings, we hypothesized that FEP and MEP patients would 

respectively present with more heterogeneous and homogeneous profiles of cognitive impairments. 

More precisely, we anticipated obtaining a final solution containing at least 3 clusters (namely 1- 

normal performance, 2- generally impaired, and 3- specific impairments). While we expected MEP 
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patients to be over-represented in the second cluster, we also predicted finding comparable proportions 

of FEP and MEP patients in the other two clusters. Healthy control participants were included in our 

analyses to verify whether they would aggregate with patients in our predicted ‘normal performance’ 

cluster.  

 

To achieve our objective, cognitive data were collected from FEP and MEP patients. One 

inclusion criterion that cut across both groups was the requirement to have a diagnosis of non-affective 

psychosis. It follows that individuals with bipolar disorder or major depressive disorder with psychotic 

features were excluded from either patient groups. FEP patients were recruited through a psychosis 

clinic specialized in early intervention. To be admitted, individuals must have received less than one 

month of antipsychotic treatment in their lifetime indicating that it was the first time they were 

receiving services for their psychotic symptoms. MEP patients were recruited via in- and outpatient 

services and had been receiving psychiatric treatment for psychotic illness for a minimum of 4 years 

indicating that they had experienced more than one psychotic episode. Patients from each group were 

matched to healthy controls on age, sex, and education. All patients’ cognitive performance scores 

were subsequently standardized to that of healthy control participants.  

 

2. Methods 

2.1 Participants 

2.1.1 FEP and FEP-Control groups 

FEP participants were recruited through the PEPP-Montreal program (see Iyer et al., 2015), which 

specializes in early psychosis intervention and is located at the Douglas Mental Health University 

Institute (DMHUI) in Montreal, Canada. Being the only FEP service in its catchment area of about 

400,000 inhabitants, this specialized clinic serves a nearly complete incidence sample (Iyer et al., 
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2015). For the current sample, 49% of FEP patients were referred to PEPP-Montreal from the 

emergency department, 16% from inpatient units, 8% were self-referred or referred by a family 

member, 7% were referred from community services, 7% from an affiliated ultra-high risk clinic, and 

the remaining 10% from school, community psychiatrist, and other sources. The program admits 

individuals aged between 14 and 35 presenting with affective and non-affective psychosis. All are 

invited to participate in a longitudinal study investigating cognition and clinical outcomes in FEP. All 

participants included in the present study provided informed written consent in a manner approved by 

the local ethics committee. Participants had not taken antipsychotic medication for more than one 

month prior to entry. Diagnoses were established using the Structured Clinical Interview for DSM-IV 

(SCID DSM-IV; Biometrics Research, New York, USA) (First et al., 1998) and via consensus of two 

senior psychiatrists (A.M & R. J.).  

 

Eighty FEP patients were included in the current analyses. Exclusion criteria were 1- diagnoses 

of affective psychosis or substance-induced psychosis, 2- a score below 70 on the IQ measurement, and 

3- not having completed the cognitive testing. For comparison purposes, FEP patients with affective 

psychosis were not included as our MEP group consisted only of non-affective psychosis. Given the 

early stage and mission of the PEPP-Montreal clinic, diagnoses are classified as schizophrenia-

spectrum disorder or affective psychosis. Therefore, only patients with the former diagnosis were 

included in the current analyses. Intelligence decline, defined as a decrease of 10 points or more 

between the current IQ score and the premorbid IQ estimate (Ohi et al., 2017), was not an exclusion 

criterion and was observed in 12 FEP patients. Similar results were obtained when we specifically 

analyzed verbal intelligence decline. An estimation of premorbid IQ was measured only in FEP 

patients as part of their evaluation upon their entry in the clinic.  
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As part of the same longitudinal study, 55 healthy controls were recruited from within the same 

catchment area and completed the same cognitive assessment. No control participants reported a 

personal or family history of psychiatric illness, history of concussion, head trauma, or brain lesions. 

These individuals formed the FEP-Control group and were matched to FEP patients on age, sex and 

education.  

   

2.1.2 MEP and MEP-Control groups 

MEP participants (n = 121) were recruited as part of a larger cross-sectional study conducted at 

the DMHUI aimed at investigating the psychological and neuronal determinants of insight in 

schizophrenia (see Emami et al., 2016). In- and outpatients aged between 18 and 50 were recruited 

from local mental health resources and had been receiving psychiatric treatment for a minimum of four 

years. Despite the relative young age of some patients, those included in this study were all multi-

episode cases as confirmed by review of their medical chart. Diagnoses of non-affective psychoses 

were established using the SCID DSM-IV and medical chart review. The proportions of the diagnoses 

are as follow: n = 98 for schizophrenia, n = 31 for schizoaffective, n = 1 for psychosis not otherwise 

specified, and n = 1 delusion disorder. Exclusion criteria were the same plus 1- family or personal 

history of neurological condition, and 2- substance dependence diagnosis within the last three months. 

As the larger study included a Magnetic Resonance Imaging (MRI) portion, participants were also 

excluded if they had any contraindication for MRI scanning. The study was approved by the DMHUI’s 

ethics committee and all participants signed a written consent form. 

 

     Seventy healthy control participants were recruited through local media and matched to 

MEP patients on age, sex, and education. Exclusion criteria were the same as those for FEP-Control 

individuals. Due to the MRI portion, MEP-Controls additionally had no contraindication for scanning. 
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2.2 Assessments 

2.2.1 Sociodemographic and clinical measures 

All data collection was performed by trained research assistants or students who were not 

involved in patients’ treatment program. At the time of cognitive testing, all participants provided 

information regarding their age, sex, and years of education. MEP patients also provided additional 

written consent to allow the research team consult their medical chart. This was conducted to confirm 

diagnosis and to evaluate duration of illness, defined as the period between the year of first 

hospitalization or reported psychotic symptoms and the date of participation in the study.  

 

Symptoms were assessed for all patients using the Scale for the Assessment of Positive 

Symptoms (SAPS) and the Scale for the Assessment of Negative Symptoms (SANS). Depression and 

anxiety were assessed using the Calgary Depression Scale for Schizophrenia (Addington et al., 1990) 

and the Hamilton Anxiety Rating Scale (Hamilton, 1959), respectively. Inter-rater reliability scores for 

the SAPS-SANS interview were 0.72 for FEP patients and 0.83 for MEP patients.  

     

2.2.2 Cognitive measures 

All participants completed the computer-based CogState Schizophrenia Battery (Cogstate, New 

York, USA), which was developed to measure the cognitive dimensions recommended by the 

MATRICS workgroup (Lees et al., 2015). Therefore, speed of processing was measured with the 

‘Detection task’ and the ‘Groton maze chase test’; attention/vigilance was evaluated with the 

‘Identification task’; working memory used the ‘One-back’ and ‘Two-back’ memory tests; verbal 

learning and memory was estimated with the ‘International shopping list’ and its delayed recall; 

reasoning and problem solving were measured with the ‘Groton maze learning test’ and the ‘Set-
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shifting test’; visual learning and memory was evaluated with the ‘One card learning task, the 

‘Continuous paired associated learning task’ and a delayed recall of the ‘Groton maze learning test’; 

and finally social cognition was estimated using the ‘Social-Emotional Cognition task’. The battery 

takes 50 minutes on average to administer and has been shown to be valid and reliable in both FEP and 

MEP samples (Benoit et al., 2015; Pietrzak et al., 2009). An interesting advantage of the Cogstate 

battery is that all these tests avoid relying on fine motor skills (Benoit et al., 2015). Moreover, they 

make minimal language requirement for the completion of most tasks, except those measuring verbal 

learning and memory, which reduces cultural confounds (Benoit et al., 2015; Lees et al., 2015).   

 

Current full-scale IQ of all participants was measured using the Wechsler Abbreviated Scale of 

Intelligence (WASI; Pearson, San Antonio, USA). The North-American Adult Reading Test (NAART) 

was used to estimate premorbid global, verbal and performance IQ in FEP patients only (Blair and 

Spreen, 1989). The English version of the NAART has shown good psychometric properties in non-

clinical samples (Uttl, 2002) and has been successfully used in patients with a psychotic disorder (Baitz 

et al., 2012; Fiszdon et al., 2006; Lee et al., 2012; Wilder-Willis et al., 2002). Current IQ evaluation 

was often completed independently of the CogState administration to avoid mental fatigue.     

 

As FEP patients were part of a longitudinal study, their clinical evaluation was performed at 

different predetermined time-points, namely at 1, 2, 3, 6, 9, 12, and 18 months following program 

entry. Baseline cognitive evaluations were conducted at maximum 3 months after program entry once 

patients were clinically stable. At the time of cognitive testing, the vast majority of FEP patients were 

seen on an outpatient basis. Clinical scales scores used in the current analyses were selected according 

to the time-point closest to cognitive testing.    
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2.3 Statistical analysis 

2.3.1 Description of the data 

One-way ANOVA were used to analyze sociodemographic and clinical data. Kruskall-Wallis 

tests followed-up by Mann-Whitney U tests were used for non-parametric data or when parametric 

assumptions were not met. For all analyses, the alpha level was set at .05 and the Bonferroni method 

was used to correct for multiple comparisons (the maximum number of comparisons was 3; α = 

0.05/3).  

 

2.3.2 Identifying clusters  

Standardization and outlier detection 

Composite scores for each MATRICS dimension were z-transformed according to the mean and 

standard deviation of a subsample of healthy control participants (CTL-FEP n = 67; CTL-MEP n = 52) 

for each patient group; procedure is detailed in Benoit et al. (2015). Healthy control participants were 

matched to patients on age, sex and years of education. They were recruited from the community to 

participate in the same studies in which the patients took part. Hence, patients with negative scores 

exhibit poorer performance as compared to the respective healthy control group. A deficit was defined 

as a z-score below -1, reflecting a performance of 1 standard deviation below the healthy controls 

average. Univariate and multivariate outliers were identified using the technique developed by Caroni 

and Prescott (1992) and detected with the Excel Macro provided in Achim (2012). Five MEP 

participants were identified as such on the cognitive variables and thus were excluded from the cluster 

analyses because these techniques are sensitive to outliers.  

 

Hierarchical cluster analysis 
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Hierarchical clustering analyses uses an iterative-additive procedure wherein similar cases are 

aggregated together forming homogeneous groups. We ran the analysis on our entire sample (all groups 

combined) using different methods (1- Single linkage, 2- Complete linkage, 3- Average linkage) to 

compare solutions, and the squared Euclidean distance was chosen as the interval measure (Cross, 

2013; Everitt et al., 2011). As a guide to the cutting point of dendrograms, we followed the procedure 

described in Yim and Ramdeen (2015), which proposes to examine the agglomeration schedule to find 

the first large difference between two consecutive clusters. The final selection of the number of clusters 

in the solution was made after careful examination of dendrograms.  

 

2.3.3 Optimization and validation of cluster solutions 

K-means cluster analysis 

After reaching the final cluster solution for each hierarchical method, K-means cluster analyses 

were performed on the whole sample (all groups combined) to optimize solutions. Because this type of 

analysis requires the number of clusters to be decided a priori, it can be used as an optimization 

method once the number of clusters have been identified using other methods, such as hierarchical 

cluster analysis (Everitt et al., 2011). By utilizing an additive procedure, hierarchical methods represent 

a strict iteration process in that once cases are included in a cluster, they cannot be taken out. K-means 

analysis allows cases to move from one cluster to another across iterative stages and re-calculates 

clusters centers at each iteration stage to obtain a final optimal solution wherein clusters are most 

compact and distant from each other (Everitt et al., 2011). 

 

K-means cluster analyses were thus run with 2 and 3 clusters according to results obtained in 

the complete and average linkage methods used in the hierarchical analysis portion. We used the 

‘iterate and classify’ method, and the convergence criterion was set to 0. The maximum number of 
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iterations was set so that the resulting solution would reach the convergence criterion. Hierarchical and 

K-means cluster analyses were conducted using SPSS. 

 

Adjusted Rand Index (ARI) 

The ARI (Hubert and Arabie, 1985) compares clustering solutions and was calculated using the 

Mclust package (Fraley and Raftery, 2002; Fraley et al., 2012) in Rstudio (1.0.136) (RStudio Team, 

2015). We used the ARI to validate our optimized solutions by statistically comparing the 

classifications obtained through the hierarchical and K-means analyses (e.g., hierarchical analysis 3-

cluster solution vs K-means analysis 3-cluster solution) (Lee et al., 2017). The ARI is represented by a 

value between -1 (suggesting no agreement between the two solutions compared) to +1 (suggesting 

perfect agreement). A general guideline for the interpretation of ARI scores is that higher values 

indicate better agreement between the two clustering solutions compared.  

 

Discriminant function analysis (DFA) 

 DFA can be used in conjunction with cluster analysis to evaluate the performance of clustering 

solutions because it allows one to verify whether a set of variables can correctly classify cases across 

predefined groups. An important assumption of linear DFA is homogeneity of variance-covariance 

matrices across groups (or clusters), which can be verified using Box’s test (Tabachnick and Fidell, 

2013). Because our matrices were heterogeneous, we opted to conduct a quadratic DFA (qDFA) as it 

does not require homogeneity of covariance matrices. This analysis was conducted on the whole 

sample with the MASS package (Venables and Ripley, 2002) in Rstudio (1.0.136) (RStudio Team, 

2015). We used the jackknife reclassification approach as it allows one to use the same data for both 

the cluster and DFA analyses (Efron, 1982), and it reduces bias of model cross-validation (Cross, 

2013).    



Cognitive clusters across psychosis stages   
 

 15 

  

2.3.4 Comparing clinical profiles across clusters 

MANOVA were conducted on IQ, sociodemographic (years of education, age) and clinical 

measures (anxiety, depression, positive and negative symptoms, age of psychosis onset, and 

chlorpromazine equivalents) of patients and healthy controls (where applicable) across clusters. 

Kruskall-Wallis tests (followed-up by Mann-Whitney U tests) and Independent-samples t-tests were 

used for non-parametric variables (e.g., sex) or when MANOVAs assumptions were not met. The 

significance threshold was corrected for multiple comparisons using the Bonferroni method. 

 

2.3.5 Comparing heterogeneity in FEP and MEP samples within clusters 

 FEP and MEP patients were compared within cluster on cognitive, sociodemographic, and 

clinical variables. For cognitive variables, one MANOVA with 2 between-subject factors (1- Cluster 

membership, 2- Clinical group) and 1 within-subject factor with 7 levels (MATRICS domains) was 

conducted. For the sociodemographic and clinical variables, another MANOVA was used with the 

same between- and within-subject factors, but the latter had 8 levels (medication, age, full IQ, verbal 

IQ, performance IQ, years of education, global score for hallucinations and global score for alogia). 

MANCOVAs were additionally run with chlorpromazine equivalents as a covariate. Pearson Chi-

square tests were conducted to statistically compare proportions of FEP vs MEP patients within 

clusters obtained in optimized solutions on the statistically significant variables identified in the 

MANOVAs.  

 

2.3.6 Predicting cluster membership from stage of illness 

Hierarchical multiple regression analyses were conducted to verify whether stage of illness 

predicted cluster membership, while controlling for relevant clinical variables. The enter method was 
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used and covariates were selected based on whether there was a significant difference across clusters. 

Control variables were entered in the first step of a hierarchical regression, while clinical group (FEP 

vs MEP) was entered in the second step.    

 

2.3.7 Additional analyses 

We ran the same statistical protocol on a subsample excluding the control groups to verify the 

stability and interpretability of our results. Because cluster analysis depends heavily on the dataset 

used, finding similar cognitive clusters in analyses that do and do not include control participants will 

further validate our results. Results of additional analyses are available in online Supplementary 

Material. 

 

3. Results 

3.1 Description of data 

Sociodemographic and clinical characteristics are presented in Table 1. Mean z-scores by MATRICS 

domain per clinical group are presented in Supplementary Material (Fig S2).  

 

3.2 Cluster analysis 

3.2.1 Hierarchical agglomerative method 

The single-linkage method resulted in a no-cluster solution according to close examination of the 

dendrogram and agglomeration schedule (dendograms in Figure 1; agglomeration schedule in Figure 

S1). The complete-linkage method yielded a 3-cluster solution and the average-linkage one reached a 

2-cluster solution.  

 

3.2.2 K-means analysis (optimization) 
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K-means cluster analyses was completed with k = 2 and k = 3 to optimize hierarchical solutions, as 

suggested in Everitt et al. (2011). Figure 2A-B shows mean performance of participants included in 

each cluster on each MATRICS domain. In the k = 2 solution, cluster 1 was labelled ‘No Impairment’ 

(NI) and comprised individuals with z-scores above -1 on all domains; cluster 2 was labelled 

‘Generally Impaired’ (GI) and comprised individuals with z-scores below -1 for every domain. In the k 

= 3 solution, cluster 1 was labelled ‘No Impairment’ (NI), cluster 2 was labelled ‘Generally Impaired’ 

(GI), and cluster 3 was labelled ‘Intermediately Impaired’ (II). A deficit being defined as a z-score 

below -1, the intermediately impaired participants showed deficits in the following domains: verbal 

learning and memory; working memory; and reasoning and problem solving. Figure 3A-B illustrates 

clinical group distributions (FEP, MEP, Ctl-FEP, Ctl-MEP) for each cluster. 

 

3.2.3 Validation 

The ARI comparing the 3-cluster solutions obtained through hierarchical analysis vs. K-means 

analysis was 0.41. The index for the 2-cluster solutions comparison was 0.14, suggesting the 

optimization procedure provided a more satisfactory and stable solution for k = 3 than for k = 2.    

 

The qDFAs yielded correct classification rates of 91.4% for the K-means cluster solution with k = 3 

and 65.0% with k = 2, suggesting the 3-cluster solution performed better than the 2-cluster solution. 

 

3.2.4 Comparing clinical profiles across clusters 

Clusters were compared on multiple variables: full IQ, global scores from SAPS and SANS 

respectively for positive and negative (excluding attention) symptoms, age, sex, years of education, 

anxiety, and depression. For solution k = 3, Kruskall-Wallis tests showed significant differences 

between clusters on IQ, global scores of hallucination and alogia, age, and years of education. Results 
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were similar for solution k = 2. Participants in the NI cluster had higher IQ, more years of education, 

were younger, and had less severe hallucination and alogia ratings. Individuals in the GI cluster had 

accordingly lower IQ, fewer years of education, and were older. They had higher level of alogia and 

hallucinations ratings ranging between those of the NI and II clusters. Means and standard deviations of 

sociodemographic and clinical variables for each cluster of solutions k = 3 and k = 2 are presented in 

Table 2. Comparisons between FEP and MEP subsamples within each cluster of the solution k = 3 for 

the sociodemographic and clinical variables are presented in Table 3. Notably, FEP patients were 

unsurprisingly younger and had a shorter duration of illness within all clusters.  

 

3.2.5 Comparing cognitive heterogeneity in FEP and MEP samples within cluster 

There was no significant difference between FEP and MEP samples on cognitive performance 

within clusters (F(14, 378) = 1.69, p > 0.05) (Table 4). The same results were obtained for the 

MANCOVA controlling for chlorpromazine equivalents. Although the omnibus analysis reported a 

significant Clinical group by Cluster membership interaction (F(12, 374) = 1.92, p < 0.05), post hoc 

comparisons on all MATRICS domains failed to show significant difference between clinical groups in 

each cluster (all p > 0.05). For the k = 3 solution, Chi-square tests revealed a significantly higher 

proportion of FEP in the NI cluster (χ2 (1) = 17.5, p < 0.001). MEP patients were represented in 

significantly larger proportions in the GI cluster (χ2 (1) = 8.25, p < 0.005). For the k = 2 solution, 

proportions of FEP and MEP significantly differed in both clusters (all χ2 (1) > 25.2, all p < 0.001). 

 

3.2.6 Predicting cluster membership from stage of illness 

 Stage of illness significantly predicted cluster membership for both the k = 3 (β = 0.14, b = 

0.25, SE b = 0.14, adjusted R2 = 0.12, p < 0.001) and k = 2 solutions (β = 0.29, b = 0.30, SE b = 0.07, 
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adjusted R2 = .17, p < 0.001). More specifically, stage of illness was among the top predictors and 

accounted for 12% and 17% of cluster membership’s variance. Results are presented in Table 5.    

 

Only results of the 3-cluster optimized solution will be discussed as this solution represents the 

most stable and interpretable one; it also replicates previous findings (Gilbert et al., 2014; Ilonen et al., 

2004; Uren et al., 2017).  

 

4. Discussion 

4.1 Summary of findings 

The present study investigated whether cognitive heterogeneity was comparable in FEP and 

MEP patients. We conducted cluster analyses on cognitive data of FEP and MEP patients and their 

matched healthy control participants using the CogState battery. We obtained a final 3-cluster solution 

characterizing distinct profiles (1- No impairment, NI; 2- General impairment, GI; and 3- Intermediate 

impairment, II), which was in line with our hypothesis. Similar solutions were obtained in additional 

analyses including only patients (i.e., no healthy control participants), for which results are available in 

Supplementary Material (Figures S3-S6). In addition, our results suggest there was a significantly 

higher proportion of FEP in the NI cluster as well as a larger representation of MEP patients in the GI 

cluster. Further, we observed no difference between FEP and MEP patients within clusters on cognitive 

performance, indicating 1- some FEP patients (although fewer) exhibit cognitive profiles as impaired 

and widespread as MEP patients, and 2- some MEP patients (although fewer) display no impairment, 

similar to FEP patients. Interestingly, we also observed that the GI cluster had more severe levels of 

alogia than the other two clusters, while not significantly differing from the II cluster on antipsychotic 

dosage and severity of hallucinations. The potential impact of these variables on the observed cognitive 

heterogeneity is discussed.  
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4.2 Influence of clinical and sociodemographic variables on cognitive heterogeneity  

 Along with stage of illness, other different clinical and sociodemographic variables may 

concurrently have an influence on cognitive heterogeneity. Given the complex relationship between 

cognitive functioning and antipsychotic medications, an interesting finding from our study concerns the 

statistically similar antipsychotic dosages between 1- FEP and MEP patients within clusters, and 2- 

patients in the GI and II clusters. While negative effects on speed of processing and verbal learning 

and memory have been observed for higher daily doses of antipsychotics in MEP patients (Rehse et al., 

2016), procognitive effects have also been observed in other studies for some other types of 

antipsychotic medications. A recent meta-analysis reported that quetiapine and olanzapine were 

associated with greater improvement in overall cognition in both FEP and MEP samples as compared 

to amisulpride and haloperidol (Desamericq et al., 2014). In more exploratory work, Lepage et al. 

(2015) found specific improvements in verbal memory following one year of treatment with 

aripiprazole in a sample of FEP patients. Similar results were reported in another study investigating a 

large mixed FEP and MEP sample (Bervoets et al., 2012). Nevertheless, patients who showed the 

lowest levels of cognitive impairments in our sample also had the lowest antipsychotic dosages, 

suggesting that other factors may impact cognitive heterogeneity in FEP and MEP patients.  

 

 To that effect, one potential explanation for the higher dosages of antipsychotic medications 

observed in the GI cluster comes from genetic studies. In addition to being more medicated and 

showing more severe positive symptoms, GI patients also show lower IQ levels. Findings from a meta-

analysis suggest lower IQ is associated with higher risk of developing a PD (Khandaker et al., 2011). It 

has been hypothesized that the genetic liability on risk for PD is accentuated in individuals with lower 

IQ levels (Kendler et al., 2015). It is therefore possible that patients in our GI cluster represent those 
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who were at higher risk of developing more severe positive symptoms, thus requiring more 

antipsychotic medication.    

 

 Another factor possibly influencing the observed cognitive heterogeneity has to do with the 

interfering effect that psychotic symptoms may exert on cognitive performance. Our results suggested 

hallucinations were more severe in the GI and II clusters, and that alogia was more important in the GI 

cluster. It is possible that auditory hallucinations and symptoms characterizing alogia, such as blocking 

and increased latency of response, interfere with cognitive strategies used during cognitive testing, such 

as mental verbalization. This strategy is taught in some cognitive remediation therapies to enhance 

focus and accuracy, and requires one to mentally describe their thought process and actions during task 

completion (Barlati et al., 2013). These symptoms could likely impede the use of mental strategies, 

thus resulting in decreased performance. A similar situation could arise when using more visual 

strategies, such as visual scanning, in the context of visual hallucinations. 

 

 In addition to the previous clinical variables, cognitive heterogeneity also seemed to be 

influenced by more sociodemographic indices, namely IQ, age and years of education. One finding 

from our study is that IQ levels and years of education gradually decreased across cluster (NI > II > 

GI). A similar result was obtained for age in that individuals in the NI cluster were younger than those 

in the II and GI clusters. Similar clusters have been observed in other research applying the same type 

of methodology to IQ scores (Seaton et al., 1999; Weickert et al., 2000). The identification of a cluster 

comprising patients with an intellectual decline has led Weickert et al. (2000) to suggest that cognitive 

and intellectual deficits may emerge from different neurodevelopmental trajectories. Furthermore, 

Seaton et al. (1999) proposed that the relative independence of cognitive clusters from symptom 

severity could reflect stable trait characteristics. Such neurodevelopmental abnormalities may translate 
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into educational achievement potentially explaining the difference between clusters on this variable. 

Similarly, these neurodevelopmental anomalies may not be observable via cognitive testing in younger 

patients, explaining the age difference across clusters. However, these hypotheses need to be 

empirically tested. Taken together, the findings reported in this study seem to suggest that patients’ 

cognitive profile may be determined early in the course of illness and influenced by several factors.    

  

4.3 Interventions 

  Our results have important implications for the timing and content of cognitive interventions 

given that larger proportions of MEP patients were found in the GI cluster, and more FEP patients were 

included in the NI cluster. Cognitive remediation therapy (CRT) may be beneficial at any stage; yet, in 

the context of CRT, inverse correlations between cognitive improvement and illness chronicity have 

been reported, indicating that early intervention may be offered preventively (Bowie et al., 2014). 

Moreover, being younger in age has been reported as a significant predictor of response to CRT 

(Lindenmayer et al., 2017). It has also been suggested that cognitive impairments could interfere with 

the ability to benefit from psychosocial treatment, emphasizing the value of early cognitive remediation 

intervention (Ilonen et al., 2004).  

 

 Despite the apparent advantages of early cognitive intervention, it may also be beneficial to 

tailor the content of therapy to each patient’s cognitive impairments, rather than to stage of illness only, 

since cognitive heterogeneity seems to be present in both FEP and MEP patients (Lewandowski et al., 

2014). Moreover, group interventions could gather together patients with similar profiles of cognitive 

impairments. Hence, patients with selective impairments may benefit from shorter, more focused 

interventions, potentially improving concurrent treatment adherence (Twamley et al., 2011). 

Additionally, combining cognitive remediation with more intensive approaches such as employment 
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support programs (Chan et al., 2015) for patients with a general impairment profile may also be an 

effective avenue (Reser et al., 2015). Interestingly, recent preliminary findings by Nuechterlein and 

collaborators showed that combining CRT with a program of aerobic exercises enhanced cognition and 

functioning gains beyond the effects of CRT alone (Nuechterlein et al., 2018; Nuechterlein et al., 

2016). The authors also indicated that the effects of this therapeutic combination translated into 

positive brain changes like increased prefrontal cortical thickness and functional connectivity. Overall, 

it seems that CRT may benefit from being adapted to patients’ cognitive profiles.  

 

4.4 Limitations 

The current study has some limitations that need to be acknowledged. First, our sample size was 

limited. Second, given that cluster analysis is highly influenced by the inputted datasets, variables, the 

clustering algorithm and the criteria used to determine the number of clusters, we cannot state that our 

results reflect fundamental cognitive subtypes (Everitt et al., 2011). Rather, we propose that cognitive 

heterogeneity is similar, although in different proportions, in FEP and MEP patients. We nevertheless 

tried to circumvent the limitations of cluster analysis by comparing different linkage methods and by 

running multiple internal and external validation analyses (Everitt et al., 2011). Comparing linkage 

methods is encouraged since obtaining converging and similar solutions provide a basis to determine 

the reliability of such results. Conversely, obtaining very discrepant solutions could indicate that there 

is no meaningful underlying structure or subgroups within the dataset (Everitt et al., 2011). As 

Goldstein (2013) suggests, ultimately, researchers should choose the most interpretable, robust and 

parsimonious solutions that can be derived from their dataset. Third, the cross-sectional nature of our 

study does not allow for any claims regarding the course of patients’ cognitive performance. Ideally, a 

longitudinal follow-up of FEP patients would reveal the post-treatment factors found to influence 

cognitive changes occurring after treatment of a first episode. We believe however that by pinpointing 



Cognitive clusters across psychosis stages   
 

 24 

different cognitive clusters found in both FEP and MEP patients, our findings are at least partially 

complementary to longitudinal studies. Fourth, computerized cognitive testing may have been more 

difficult for older patients, which could have selectively affected those most likely included in the MEP 

group. It would be interesting to replicate our findings with pen and paper cognitive evaluations. Fifth, 

patient groups likely differed in the cumulative exposure to antipsychotics, but we could not control for 

this potential confound as such data was not readily available from the patient’s chart. Finally, it could 

be argued that our findings may be explained by the fact that MEP patients typically have a more 

severe form of illness and thus present with more generalized cognitive impairments. While being a 

completely valid proposition, it should not be discounted that illness chronicity may be accompanied 

by a lack of opportunity to maintain adequate levels of cognitive capacity, for instance, via the daily 

challenging of different cognitive functions through work, school, etc. This impoverished environment 

may subsequently result in a stage of illness comprising more homogeneous profiles of generalized 

cognitive impairments.  

    

4.5 Conclusion  

Our results suggest that the cognitive heterogeneity in FEP and MEP samples is comparative. 

Yet, multiplicity of psychotic episodes may have a detrimental impact on cognition, as we observed 

that a larger proportion of MEP patients present with the generally impaired profile. We thus argued it 

could be beneficial to implement early cognitive interventions adapted to impairment profiles. 

Combined with psychosocial interventions such as evidence-based employment support programs like 

Individual Placement and Support (IPS), cognitive deterioration may then be better prevented through 

direct and indirect training of cognitive skills. While CRT may offer direct training, opportunities for 

continuing school or work may represent indirect opportunities to further train such abilities. Finally, 

the contradicting results previously reported regarding the course of cognitive deficits in PD might 
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have been influenced by the inclusion of patients with differing impairment profiles. It would be 

interesting in the future to investigate whether cluster membership is amenable to change (e.g., 

switching from the generally impaired cluster to the intermediately impaired) longitudinally or 

following treatment (Heinrichs et al., 1997). 
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