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Abstract

Cognitive impairments are central to schizophrenia, but their clinical utility for tagging
heterogeneity in lifetime outcome and response to treatment is not conclusive. By exploiting four
cognitive domains consistently showing large deficits in studies, we tested whether cluster analysis
would define separate subsets of patients and then whether the disease heterogeneity marked by
these clusters would be related to lifetime outcome and response to treatment. A total of 112
schizophrenia patients completed a neuropsychological evaluation. The PANSS, GAF-S and GAF-
F were rated at the onset and endpoint of the illness trajectory. A blind judgment of the lifetime
response to treatment was made. The first cluster presented near-normal cognitive performance.
Two other clusters of severely impaired patients were identified: one generally impaired in the four
cognitive domains and another selectively impaired in visual episodic memory and processing
speed, each relating to a different lifetime evolution of disease and treatment response. Although
the two impaired clusters were clinically indistinguishable in symptom severity and functioning at
disease onset, patients with selective cognitive impairments demonstrated better improvement at
outcome, whereas the generally impaired patients were more likely to be treatment refractory. The
findings have implications for the management of patients and for clinical trials since particular
combinations of cognitive deficits in patients would influence their treatment response.
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Introduction

Measurable indicators of disease progression or treatment response that can be translated
into clinical practice are still scarce in psychiatry [1]. Moreover, etiological heterogeneity is
a sturdy obstacle to research progress in schizophrenia [2]. This heterogeneity is manifest in
the different trajectories characterizing prognosis in most studies [3-5] that observed four to
five different outcome courses characterized by good responders to treatment, moderate or
variable improvement and treatment resistance with a poor outcome. These typical outcomes
would ideally need to be distinguished early at the disease onset since early efficient
treatment is now recognized as a cornerstone to alleviating later disease severity [6].

Despite accumulated knowledge about cognitive deficits in schizophrenia, many questions
remain about the capacity of impaired cognition to mark later disease course and response to
treatment [7]. Such information might influence initial clinical decisions and
recommendations to patients and families. Individual cognitive functions, such as verbal
memory or processing speed, have been moderately associated with functional outcome [8—
19] or symptomatology [20-23] with correlations usually in the ~0.30 range. Interestingly, a
number of studies have attempted to use neurocognition to tag the heterogeneity in
schizophrenia [13, 24-30], but few studies have tested the relationship between
heterogeneity and lifetime outcome or response to treatment.

The relevance of studying cognitive impairment profiles in relation to outcome relies on at
least four pieces of evidence in schizophrenia. First, impairments of different magnitudes are
consistently reported in several cognitive domains in patients, with the largest differences
from normal controls (effects size, ES, of 0.8-1.2) lying in verbal and visual episodic
memory, working memory, processing speed, executive functions and attention [31, 32]. Our
own studies produced convergent results [33]. Second, meta-analyses suggest little
deterioration of cognition with disease progression since similarly large effect sizes are
already present in first-episode patients [32]. 7hird, children at risk of schizophrenia harbor
sizeable cognitive impairments in verbal and visual episodic memory, processing speed and
working memory, indicating that the cognitive deterioration emerges a long time before the
prodrome [34-40Q]. Fourth, in search of robust constructs explaining the disease, studies on
the cognitive factorial structure consistently showed six to seven separate cognitive factors
characterized by verbal memory, visual memory, processing speed, working memory,
attention/vigilance and problem-solving/reasoning [41-43]. These factor analyses matched
to a large degree the MATRICS consensual battery [44]. However, the extent to which such
factor structures may characterize the heterogeneity in clinical trajectories and
pharmacological response remains unresolved [7, 41].

The goal of this study was to define separate subgroups of schizophrenia patients based on
their cognitive functioning and then tested whether the disease heterogeneity marked by
these clusters would be related to lifetime outcome and response to treatment.

To do so, we selected four domains of cognitive impairments, verbal and visual episodic
memory, working memory and processing speed, based on the following criteria: (1) large
effect sizes in both young and chronic patients, (2) a consistent presence in the factorial
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structures and (3) an incidence many years before prodrome as shown by the presence of
large effect sizes in children at risk. Furthermore, the considerable between-studies
heterogeneity found in meta-analyses of cognitive studies [31, 32] also motivated our choice
of these four cognitive domains to increase future comparability of our results to other
samples.

Sample characteristics—The sample consisted of 112 unrelated schizophrenia patients
described in Table 1. The /nclusion criteria were having a definite DSM-IV schizophrenia
diagnosis and having undergone a neuropsychological evaluation before age 55. The
exclusion criteria were the following: schizoaffective diagnosis, brain disorder/trauma and
metabolic disorders known to cause neuropsychological impairments. The sample consisted
of stabilized outpatients referred by their treating psychiatrists in a university hospital or in
regional psychiatric departments. Patients were explained about the study, and a signed
consent was obtained, as reviewed by our Institutional Ethics Committee.

Diagnostic methods—Our lifetime best-estimate procedure for psychiatric ascertainment
of patients was based on information from a direct interview with the subjects and on all
available medical records across lifetime according to a previous method showing reliability
[45-48] and detailed in Supplemental Methods. The public universal health care in Québec
makes available the out- and inpatient medical records across the patient’s life. Based on this
information across the whole life, a consensus DSM-1V schizophrenia diagnosis was derived
by a panel of four investigators including MM who were blind to previous diagnoses, family
history and cognitive measures.

Cognitive battery—The following cognitive domains were assessed: (1) processing speed
—Digit symbol Substitution Task from the WAIS-I1I and Category Fluency: animal naming,
(2) verbal episodic memory— California Verbal Learning Test (CVLT-1/) total recall trials 1-
5 and delayed recall; (3) visual episodic memory—Rey Complex Figure (RCF) immediate
and delayed recall; (4) working memory—Digit span from the WAIS-I11 and Spatial Sparn,
and (5) executive functioning— Wisconsin Card Sorting Test. total errors and 7ower of
London (TOLPX): number of problems solved in minimum moves. To compose the
cognitive domains, for each subtest, we calculated zscores using data from published
standardized norms and then, for each cognitive domain, we calculated the average of the
two subtests’ zscores.

We also assessed: Intelligence—WAIS-I1I; Attention— Continuous performance test, and
Motor coordination—Purdue Pegboard (details of the test’s procedures were described in
our previous publications [33, 34, 49]). The 16th percentile (-1 SD) was selected as the
cutoff for a below-average performance [50].
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Clinical measures of severity and symptoms—The Global Assessment of
functioning (GAF) [51] on symptom and on function scale [52, 53] and the Positive and
Negative Symptom Scale (PANSS) [54] were used. Capitalizing on the available lifetime
information based on the review of all the in- and outpatient medical charts and interviews,
we were able to rate the GAF symptom and function scale and the PANSS severity of
symptoms (calculated in average items score as defined in Fig. 2), year by year from the
onset to the disease endpoint when cognitive measures were taken, in a life-chart derived
from Post et al. [55] that we used in previous studies [46—48] and detailed in Supplemental
Methods.

Lifetime best estimate of response to treatment (BER)—A consensual clinical
judgment on the response to treatment across life was made blind to cognitive measures by a
team comprising a research psychiatrist (MM) and three experienced research professionals
who had reviewed the lifetime information concerning the patient and filled in the life-chart.
A consensus on a global judgment (poor, intermediate or good) of lifetime response was
then reached. The sources of information were the in- and outpatient lifetime medical charts,
ratings of the PANSS positive and negative scales and of the GAF symptom and functioning
scales. All the available information across life was reviewed to assess the functioning at two
different illness periods—the period of first admission or first episode of illness hereafter
called diisease onset, and the last 6-24 months of illness with the same medication hereafter
called disease enapoint. Compliance to medication as well as a sufficient dose of
antipsychotic was also considered in the judgment of response. The medical charts also
provided the lifetime history of medication. Patients who were judged as good responders
with the present method displayed at endpoint GAF-S and GAF-F scores =55 and a PANSS-
T average item score<2; the poor responders were either patients taking clozapine or, for
those not taking clozapine, presented at endpoint GAF-S and GAF-F scores <55 and a
PANSS-T average item score >2. The intermediate responders had scores in between.

Of the 112 schizophrenic patients, 93 were administered new-generation antipsychotics, the
others taking first-generation antipsychotics. Medication was transformed into olanzapine
equivalent doses [56]. The response to treatment was judged undetermined in 23 patients,
due either to short duration of illness (<2 years; 5 subjects) or to low compliance or
insufficient clinical information (18 subjects). The remaining 89 subjects were categorized
as follows: 47 good, 14 intermediate and 28 poor responders (respectively, 52.8, 15.7 and
31.5 %). Such proportions were compatible with existing reports [3-5, 57, 58]. The
undetermined responses were homogeneously distributed in the three clusters of patients (X2
=1.65, df=2, p=0.44).

Statistical analysis

Cluster analysis—To identify subsets of patients that would be homogeneous and
separated from each other in terms of their cognitive functioning, four cognitive domains,
i.e., verbal and visual episodic memory, working memory and processing speed, were
entered into a cluster analysis based on a Gaussian mixture model, implemented in the R
software with the package Mclust (available at http://cran.r-project.org/web/packages/
mclust/index.html). Since we did not want to define a number of a priori subgroups of
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patients, we compared the adjustment of different clustering solutions with 1, 2, 3, 4 and 5
clusters using the Bayesian Information Criterion (BIC). The inspection of the BIC values
showed a first maximum of —3,838.4 for the five-cluster solution and a second maximum
BIC of —3,871.1 for the three-cluster solution. Given the very slight difference in BIC
values, we opted for the simplest interpretable solution that fitted the data, i.e., the three-
cluster definition. Then, each subject was assigned to a most probable cluster.

Comparison of the three clusters on demographic and clinical characteristics
and on clinical change from disease onset to endpoint—The three clusters were
compared on cognitive domains not entered in the cluster analysis, demographic and
clinical/outcome variables with chi-square (XZ) test (when the cognitive functioning was
categorized as impaired: under 16th percentile) and one-way ANOVAS (on a continuum of
cognition). With ANCOVA, the three clusters of patients were also compared on the mean
change of GAF symptom, GAF functioning and PANSS-T scores from onset to disease
endpoint. For each clinical variable, age, gender and scores at the onset of the patients were
entered as covariables in the analyses. Controlling for scores at onset ensures that
differences on improvement found among clusters were not mainly due to differences in
severity at onset. Post hoc ANCOVAS between pairs of clusters were performed when the
Fisher statistic (~test) revealed overall significant differences among clusters. The
significance level was fixed at 0.05. Analyses were performed using SAS/STAT software,
version 9.2, of the SAS System for Windows. Copyright© 2002-2008 SAS Institute Inc.

Cluster analysis identified three separate subsets of patients

The cluster analysis defined three subsets of patients characterized by distinct
neurocognitive profiles. The analysis detected two different clusters that were severely
impaired: one generally impaired and another selectively impaired. A third cluster with near-
normal cognitive functioning was also identified (Fig. 1). The cluster of patients generally
impaired in the four cognitive domains suggested a severe and more diffuse cognitive
dysfunction for 16 % of the sample having an average 1Q of 68.1 (SD 6.4). The selectively
impaired cluster classified 41 % of the patients characterized by selective deficits in visual
episodic memory and processing speed, with near-average performance in working memory
and verbal episodic memory. These selectively impaired patients had a mean 1Q of 77.8 (SD
9.3). Finally, a cluster made of 43 % of the patients displayed an average performance in the
four cognitive domains and a mean 1Q of 92.8 (SD 11.2). An ANOVA showed a significant
difference in 1Q between the three clusters (p < 0.0001), with the near-normal functioning
cluster having a higher mean 1Q than the other two clusters. The generally impaired and
selectively impaired clusters had similar 1Q (p=0.11).

Characteristics of the clusters—The three clusters did not differ significantly in age of
illness onset, age at neuropsychological evaluation, positive familial history of psychosis,
illness duration or antipsychotic dose (Table 1). Using a 10-year cutoff of illness duration,
the distribution of patients with shorter or longer durations of illness was homogeneous in
the three clusters (X2 =2.39, df=2, p=0.30), suggesting that illness duration was little at
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play in the cluster classification. The clusters were different in socioeconomic status at
endpoint (SES, p=0.013): The near-normal functioning cluster had a higher SES than the
other two clusters (see Table 1) that had similar SES. The three clusters were also compared
on cognitive domains not entered in the cluster analysis, i.e., executive functions of problem-
solving and planning, motor coordination and selective attention (Table 2). Patients in the
two impaired clusters did not differ much except for selective attention. As expected,
patients in the near-normal functioning cluster had better performances than the two other
clusters on these cognitive domains.

We focused on the higher proportion of women found in the generally impaired cluster
(Table 1). First, a fair number of women were present in the two other clusters (Table 1).
Second, we excluded the women and repeated the cluster analysis in men only: A similar
three-cluster solution fitted the data best (results not shown) and included a near-normal
functioning cluster (27 % of patients), a selectively impaired cluster (45 % of patients) and a
generally impaired cluster (28 % of patients), suggesting that the generally impaired cluster
we detected was not mainly a female cluster.

Differences among clusters in terms of clinical change, outcome and response to

treatment

The three clusters of patients were compared on the change of their clinical scores from
disease onset to endpoint (mean change of GAF symptom, GAF functioning and PANSS-T).
Age, gender and baseline score of the patient on each clinical variable were entered as
covariables in the analysis (Table 3). The clusters were found significantly different in terms
of their improvement on disease severity (GAF symptom, p = 0.0002), functioning (GAF
function, p=0.013) and symptoms (PANSS-T, p = 0.005). Post hoc tests of between-group
comparisons are shown in Table 3. Interestingly, patients of the two cognitively impaired
clusters, generally impaired and selectively impaired, displayed different patterns of
improvement over time. The selectively impaired patients had significantly better evolutions
as indexed by their change scores on their GAF symptom (p = 0.0004), GAF functioning (p
= 0.035) and PANSS-T (o = 0.003) than the generally impaired cluster. A visual inspection
of Fig. 2 suggested that although these two impaired clusters had similar clinical severity
and symptomatology at onset, the sefectively impaired cluster had a better outcome. Not
surprisingly, the near-normal functioning patients showed considerable improvement in their
outcome (Table 3).

Congruent results were obtained with the lifetime best estimate of response to treatment:
The patients in the selectively impaired cluster showed a significantly better lifetime
response to treatment than the generally impaired patients (XZ =475, df=1, p=0.029; OR
of 4.67 (95 % CI 1.09-19.9); Table 4 and Table S1). The exclusion of the intermediate
responders from the analysis provided similar results (X2 =3.93, df=1, p=0.047, OR of
4.67).
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Individual cognitive domains less associated with response to treatment than cognitive

clustering

Each of the cognitive domains (e.g., verbal or visual episodic memory, working memory or
processing speed) was not individually found associated with the best estimate of response
to treatment either when considering cognitive functioning as a continuum or as categories
(i.e., deficit <16th percentile) (Supplemental Table S2 and S3). This suggested that the
cluster profiles were more related to disease outcome than each cognitive deficit alone.

Negative symptoms did not account for the effect of cognitive clusters on outcome

We controlled for the potential effect of negative symptoms on the observed relationship
between the clusters cognitive profiles and clinical outcome [12]. Entering the PANSS
negative score as a covariate in the analyses did not change the results (Supplemental Table
S4).

Considering executive function as a fifth cluster did not explain additional variability

Impairment in executive functions (EFs) is also a core feature of schizophrenia and has been
related to clinical features of the disease and overall outcome [30]. However, our criteria for
selecting the cognitive domains were the presence of a cognitive deficit many years before
disease onset. Since our cohort of high-risk children did not show significant impairments in
EF [33], we did not include EF in our main analysis. Nevertheless, we introduced EF as a
fifth cognitive domain (Tower of London and Wisconsin Card Sorting Test) in a secondary
cluster analysis to verify whether adding this domain would help in our goal to define
separate subgroups of schizophrenia patients based on their cognitive functioning. The
inspection of the BIC values of this secondary analysis led us to select a four-cluster
solution, which showed up as congruent with the three-cluster solution described above (see
Figure S1): The majority of the selectively impaired patient cluster split into two clusters of
selectively impaired patients, one with preserved EF and another with impaired EF. Most
salient results in terms of external validation held with the five-cognitive-domain-cluster
solution (data not shown) despite a reduced statistical power.

Validation of the clusters by a neuropsychologist’s clinical classification

Blind to the hierarchical cluster analysis, a clinical classification of each subject was
performed by a neuropsychologist (EG) who inspected the neuropsychological tests to
clinically redefine the patients’ cognitive profiles (see the clinical definitions in
Supplemental Table S5) based on particular combinations of deficits in the four cognitive
domains considered. This clinical classification yielded a group of 23 generally impaired, 33
selectively impaired and 47 near-normal functioning patients. We then tested the extent to
which this clinical judgment would reclassify patients in the cluster they were assigned to by
the probabilistic classification. The overlap between the two methods was satisfactory with a
kappa of 0.85 (Supplemental Table S5). Only ten subjects were classified in a cluster other
than the one assigned by the cluster analysis. Nine subjects who did not meet any of the
Table S5 criteria were declared undetermined and withdrawn from the concordance analysis.
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Discussion

Cluster analysis detected three separate subsets of patients

Without a priori categorizing the patients, we performed a hierarchical cluster analysis
entering four cognitive domains known to be considerably and consistently impaired in
patients, i.e., verbal episodic memory, visual episodic memory, working memory and
processing speed. This analysis identified three clusters of patients. A salient finding of our
study was the detection of two different subsets of severely impaired patients, each having
an idiosyncratic prognosis: One cluster was generally impaired in the four cognitive
domains, and the other was selectively impaired in visual episodic memory and processing
speed. Consistent with previous cluster analyses in schizophrenia, we reproduced a cluster
with near-normal cognitive functioning [24, 25, 27] including around 43 % of patients, and
another cluster with general impairments in the four domains classifying around 16 % of
patients [13, 24-29].

Different lifetime outcome for each of the cognitively impaired clusters: translational
relevance for the practitioner and for clinical trials

We found that the two cognitively impaired clusters had very different profiles of disease
outcome and lifetime response to treatment. At the onset of illness, clinicians would face
two main heterogeneous subsets of cognitively impaired patients who would be clinically
indistinguishable given their similar age of onset, clinical severity on the GAF-S and the
PANSS and lower IQ (see Tables 1, 2; Fig. 2). Our findings suggest, however, that getting
hold of their profile on four specific cognitive domains could help to anticipate divergent
prognoses of these two impaired subsets of patients: The subgroup characterized by general
impairments would likely have a worse outcome with less clinical improvement, residual
symptoms and a poorer response to treatment. In contrast, patients with selective deficits in
visual episodic memory and processing speed would display a better long-term clinical
improvement in symptomatology and functional severity associated with a better lifetime
response to treatment. Since early adapted treatment alleviates the future burden of the
disease [6], an early cognitive portray might induce the clinician to conduct a personalized
surveillance and eventually select different multimodal treatments. More research focused
on this issue is warranted.

The implications also extend to clinical trial design. The prospects of an addition of
dimensional criteria in DSM-V, and the fact that cognition may become the target of novel
drugs [59], deserve methodological attention since patient profiles of cognitive deficits
would by themselves influence the response to treatment. Our results suggest that the
cognitive profiling of patients, for instance, along the present four cognitive domains, (1)
should be considered at entry in pharmacological trials, since different combinations of
deficits might be associated with disparate response to drug treatment and render intersite
replications arduous and/or (2) should be accounted for in the analysis of drug efficacy.
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Combinations of cognitive deficits may be more related to disease outcome than an
individual deficit alone

It is noteworthy that in this study, the four cognitive domains individually had no association
with disease outcome in terms of our lifetime best estimate of response. This is congruent
with the little effect of individual deficits on clinical variables documented by previous
studies with correlations usually in the ~0.30 range [8-17]. Our finding that combinations of
deficits have a stronger association with the disease outcome than individual deficits may
also be compatible with prevalent theories that schizophrenia would be underlain by more
than one trait or brain dysfunction [60].

Strengths and limitations

The limitations and the strengths of our methods deserve to be raised. First, contrary to
many previous cluster analysis studies [4, 61, 62], our study included only schizophrenia
spectrum disorders, thus excluding schizoaffective diagnoses. This limits the generalizability
of our results to schizophrenia, but in return, this also eliminates the potential confounding
effect of a schizoaffective diagnosis on the cluster solution as the latter diagnosis was
previously found overrepresented in cognitively preserved clusters [13, 29]. Second, in our
main and secondary analysis we selected cognitive domains known to be severely impaired
in schizophrenia in our studies and in others [31-33], hoping that different combinations of
these deficits might define separate subsets of patients with a specific prognosis. Our
findings must be interpreted with the limitation that cognitive deficits in other domains such
as social cognition [63] were not entered in the cluster analysis. 7/i/rd, the small sample size
of the derived subgroups may have generated type 2 errors. Fourth, a strong feature of our
study was our ability to measure, blind to cognitive functioning, the lifetime trajectories and
history of pharmacological treatment based on several clinical scales rated from a follow-
back of contemporary medical charts available across the illness duration, instead of a
retrospective recollection from patients or family. ~/fth, a potential limitation is that patients
were tested at different ages, but we found little difference in illness duration among the
three clusters. However, studies found little evidence of increased neuropsychological
deficits with illness progression [64—67], and meta-analyses showed that large cognitive
deficits are already present in first-episode patients [32]. Sixth, the relatively large presence
of women in the generally impaired cluster may occur because our sampling is mostly in
outpatient psychiatric services of a regional psychiatric hospital. This may have increased
the proportion in the cohort of schizophrenic women with a severe presentation, assuming
that affected women with less severe disease or impairments are more likely to be followed
up in community services than in specialized psychiatric services.

In conclusion, specific combinations of cognitive deficits may define heterogeneity in
schizophrenia as related to long-term clinical improvement and response to treatment. One
must also conceive that other dimensions, genetic or physiological, will probably have to be
added to cognition in a multimodal approach to improve estimate of clinical and
pharmacological prognosis.
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Cluster analysis classified three separate subsets of schizophrenia patients. Cluster analysis
identified three separate subsets of schizophrenia patients according to distinct profiles on
their performance in the four cognitive domains: visual episodic memory, working memory,
verbal episodic memory and processing speed. The first cluster (red /ine; 16 % of patients)
of cognitively impaired patients had impairments, as defined under percentile 16th, in the
four cognitive domains. A second cluster (green line; 41 % of patients) of cognitively
impaired patients presented selective impairments in visual episodic memory and processing
speed, with near-normative performance in working memory and verbal episodic memory.
The third cluster (blue line, 43 % of patients) was characterized by near-normal performance

on the four cognitive domains.
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Fig. 2.
Change of GAF and PANSS from disease onset to endpoint for the two cognitively impaired

clusters and the cluster with near-normal cognitive functioning. The GAF-S, the GAF-F and
the PANSS were rated at disease onset and endpoint. PANSS scores were calculated in
average item score. Briefly, the items of the positive and the negative subscales were rated,
and a mean score for each subscale was calculated
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Table 4

Comparison of the generally impaired cluster to the selectively impaired cluster on the lifetime best estimate
of response to treatment (V= 49)

Best-estimate response (lifetime)

Poor and intermediate  Good

Generally impaired cluster ~ 76.9 % (7= 10) 23.1% (n=3)
Selectively impaired cluster ~ 41.7 % (n=15) 58.3% (n=21)

x2=4.75, p=0.029; OR = 4.67

The lifetime best-estimate response to treatment was judged consensually according to all available clinical information across the illness duration
and was blind to cognitive functioning. Judgment was made on a three-point scale: poor responders, intermediate and good lifetime responders to
antipsychotics, based on the GAF symptom, the GAF functioning and the PANSS, each of the three scales being rated on a life-chart as defined in
the “Methods” section

From the original 112 patients, the best estimate of response could not be rated in 23 patients due to insufficient information or short duration of
disease (<2 years) and was then judged as undetermined. As detailed in “Methods,” the undetermined responses were distributed homogeneously in
the three clusters. This explains the lower number of subjects
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