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Abstract
Cognitive heterogeneity has been a key barrier to clarifying the neuropathologic underpinnings of
schizophrenia. We used an idiographic method for cluster analysis of neuropsychological data
from 144 middle-aged and older people with schizophrenia to characterize and group the patterns
of relative (within-person) profiles of cognitive strength and weakness. Results indicated a 5-
cluster solution as most appropriate, with relatively even distribution across the five clusters in
terms of the proportion of patients in each cluster. Cognitive subtyping may be useful in imaging
and genetic research on schizophrenia, as well as having practical utility in treatment planning and
cognitive rehabilitation.

INTRODUCTION
There has been considerable research within the schizophrenia literature focused on
describing the configuration of neuropsychological impairment (reviewed in Palmer, Dawes,
& Heaton, 2009). However, the considerable heterogeneity among persons with
schizophrenia in overall severity of cognitive deficits has hampered efforts to identify
specific differential or “core” cognitive deficits (Dickinson, Ragland, Gold, & Gur, 2008;
Dickinson, Ramsey, & Gold, 2007). There have been numerous attempts to identify more
homogeneous cognitive subtypes using cluster analyses (e.g., Allen et al., 1998; Goldstein,
Allen, & Seaton, 1998; Heinrichs & Awad, 1993; Hill, Ragland, Gur, & Gur, 2002; Horan &
Goldstein, 2003; Seaton, Allen, Goldstein, Kelley, & van Kammen, 1999). Such studies
generally reveal four to five clusters of schizophrenia patients, including a high functioning
(neuropsychologically normal) cluster, a severely impaired cluster, and two or three
intermediate clusters of patients with schizophrenia (reviewed in Palmer et al., 2009).
However, the nature of the cluster analytic methods employed is such that they yield clusters
for which the most reliable-consistent differences across studies are those emphasizing level
of impairment, rather than specific profiles among those in the intermediate range. Many of
these studies use analytic measures such as Ward’s to determine the cluster groupings (e.g.,
Allen et al., 1998; Heinrichs & Awad, 1993; Hill et al., 2002). Although differences in level
of performance may simply reflect general severity of illness, they are helpful for some
practitioners evaluating abilities, for example, ability to work (Green, Kern, Braff, & Mintz,
2000; Kurtz, 2006). However, clusters based on within-person patterns of deficits may be
more helpful in identifying “differences in kind” and thereby help elucidate meaningful
neurobiologic subtypes of schizophrenia (Lange, Iverson, Senior, & Chelune, 2002).

An alternative to the standard way of applying cluster analytic methods is an idiographic
approach whereby an individual’s performance on each test is expressed in reference to his
or her overall test performance (Lange et al., 2002). Doing so permits an evaluation focused
on differences in pattern, rather than differences in level or magnitude, and thereby provides
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a complementary form of information to that yielded from the more common cluster analytic
methods. This idiographic approach levels all people’s performances and allows the cluster
analysis to develop clusters based on specific relative strengths and relative weakness based
on the derived test scores of each individual. One of the well documented
neuropsychological aspects of schizophrenia is the considerable inter-patient heterogeneity
in terms of level of cognitive functioning (Palmer et al., 2009). The degree to which specific
cognitive domains have been affected by schizophrenia in any two patients could
conceivably be identical, reflecting the same pattern of spared versus affected brain systems
underlying those domains, but if the overall level of functioning is not the same, then the
similarity of the two patients could be readily overlooked. The idiographic approach permits
identification of patients with similar patterns of relative strength and weakness. This
method has proven useful in identifying cognitive subgroups among people with HIV-
related cognitive impairment (Dawes et al., 2008), but to our knowledge there have been no
published studies applying this method in schizophrenia research.

In the present study we applied a two-step cluster procedure to neuropsychological data
from middle-aged and older patients with schizophrenia to determine if there were
subgroups of persons with schizophrenia with more homogenous profiles of cognitive
impairment based on relative strengths and weaknesses. Our research group has previously
reported factor analyses of a larger neurocognitive battery in schizophrenia (Gladsjo et al.,
2004), as well as a more recent study focused on the factor structure of a large battery of
tests specifically within the domain of executive functions (Savla, Twamley, Delis, et al.,
2010). However, those studies were focused on identifying meaningful groupings of
cognitive tests; the present study (based on a sample independent from the other studies) is
focused on identifying cognitive groupings patients. We also examined differences among
identified clusters in terms of demographic characteristics and severity and type of
psychopathologic symptoms, to assess for other causes of these neuropsychological profiles.
As there were no a priori hypotheses about the number or type of neuropsychological
patterns of performance that would be determined, the main aims of this study were to
explore the nature of neuropsychological patterns of relative strengths and weaknesses in
performance within a group of people with schizophrenia and then to ascertain how much
the patterns differed with regard to demographic and psychiatric markers.

METHOD
Participants

Participants were 144 outpatient middle-aged and older (current age > 40 years) patients
with schizophrenia or schizoaffective disorder. The issue of cognitive heterogeneity is not
limited to middle-aged and older patients, but these data were originally collected through
the University of California, San Diego (UCSD) Advanced Center for Innovation in
Services and Interventions Research (ACISIR) as part of studies on capacity to consent to
treatment or research among middle-aged and older persons with psychotic disorders.
Although some of the subjects have provided neurocognitive data in prior reports (Palmer,
Dunn, Appelbaum, & Jeste, 2004; Palmer, Dunn, Depp, Eyler, & Jeste, 2007; Palmer &
Jeste, 2006), the focus of those reports was on the association of level of cognitive scores to
decisional capacity, whereas the present analyses are focused on the identification of
cognitive profile subtypes.

Participants were recruited from a number of outpatient settings including UCSD Psychiatry
Services, the Veterans Affairs San Diego Healthcare System Psychiatry Service, referrals
from individual psychiatrists and physicians, and direct recruitment at San Diego–area
assisted living facilities (“board-and-care” homes). Sixty-three percent of the participants
were living in Board and Care homes at the time of evaluation. Inclusion criteria were (a)
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DSM-IV diagnosis of schizophrenia or schizoaffective disorder (as determined by the
participant’s clinical care providers), (b) current age > 40 years, (c) fluency in English, (d)
currently prescribed an FDA-approved “atypical” antipsychotic medication, and (e) written
informed consent for participation (with the consent form reviewed and approved by the
UCSD IRB). Exclusion criteria were: (a) known DSM-IV diagnosis of dementia or other
medical conditions likely to influence neurocognitive functioning and (b) any medical or
physical ailmentspreventing completion of the study assessments. As the analyses used in
the present study require complete data for each case, we excluded 58 potential participants
from the larger database who were missing more than one of the measures in the
neuropsychological test battery. Imputation of scores was therefore minimized to less than
5% of scores while allowing an increased number of available participants for the study.
This 5% rule is recommended for scales that are part of a multiscale battery (DiLalla &
Dollinger, 2006). There were no significant differences between the 58 excluded versus 144
included participants in terms of age (included: Mean =51.6, SD=6.8; excluded :
Mean=53.4, SD=8.6, p=.13), education (included: Mean =12.1, SD=2.5; excluded : Mean
=12.1, SD=2.4, p=.87), gender (Mann-Whitney U = 3733, p=.28), ethnicity (Mann-Whitney
U = 3978, p=.78), type of medication (Mann-Whitney U = 4463, p=.38) or severity of
psychiatric symptoms (measured with the scales described below, all ps>.05 ).

Demographics and Psychiatric Measures
Participant’s age, education, sex, and ethnicity were determined via self-report and/or (with
participant authorization) via review of available records. Severity of participants’
psychiatric symptoms was assessed with the Positive and Negative Syndrome Scale
(PANSS; Kay, Fiszbein, & Opler, 1987). Severity of depressive symptoms was evaluated in
a subset of participants (n=95) with the Hamilton Rating Scale for Depression (HAM-D;
Hamilton, 1967).

Neuropsychological Measures
Subjects completed a comprehensive neuropsychological test battery that included the
following measures and ability areas (for those tests which yield multiple scores, the scores
used in present analyses are indicated parenthetically):

1. Verbal Comprehension: Vocabulary, Similarities, and Information subtests from
the Wechsler Adult Intelligence Scale – Third Edition (WAIS-III; Wechsler,
1997b)

2. Perceptual Organization: WAIS-III Picture Completion, Block Design, and Matrix
Reasoning subtests

3. Attention/Working Memory: WAIS-III Arithmetic, Digit Span, and Letter-Number
Sequencing subtests

4. Processing Speed: WAIS-III Digit Symbol and Symbol Search subtests, Trail
Making Test Part A (seconds to complete; Reitan & Wolfson, 1993), Letter and
Category Fluency (total correct FAS and total correct animals; Heaton, Miller,
Taylor, & Grant, 2004)

5. Abstraction/Cognitive Flexibility: Wisconsin Card Sorting Test–64 Card Version
(WCST-64, conceptual level responses; Kongs, Thompson, Iverson, & Heaton,
2000), Stroop Color Word Interference Test (Color Word Interference Trial, total
correct; Golden & Freshwater, 2002) and Trail-Making Test Part B (seconds to
complete)

6. Auditory Learning and Memory: Story Memory Test (learning and memory scores;
Heaton et al., 2004), Hopkins Verbal Learning Test–Revised (HVLT-R, total
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correct learning trials 1-3, and total correct delayed recall; Brandt & Benedict,
2001)

7. Visual Learning and Memory: Brief Visual-Spatial Memory Test–Revised
(BVMT-R, total correct trials 1-3, and total correct delayed recall; Benedict
(BVMT-R, total correct trials 1-3, and total correct delayed recall; Benedict, 1997),
and Family Pictures subtests (immediate and delayed recall) from the Wechsler
Memory Scale–Third Edition (WMS-III; Wechsler, 1997a).

The tests were split into the seven cognitive ability areas based on prior factor analyses of
these or similar tests (Gladsjo et al., 2004; Tulsky & Price, 2003), and largely overlap with
those identified by an expert consensus panel, convened as part of the NIH-sponsored
MATRICS project, to be relevant to characterizing the cognitive deficits associated with
schizophrenia (Nuechterlein et al., 2008).

Statistics
Cluster analysis becomes increasingly vulnerable to producing clusters with questionable
origins with increasing numbers of dependent variables (Everitt, 1974). Therefore, to reduce
the number of scores used, domain scores were calculated based on the seven predetermined
cognitive ability areas listed above. We did this by converting all raw scores from the tests
to demographically corrected T-scores (mean = 50, SD = 10) using the standard published
normative data for each test. [The standard published normative data for the HVLT-R and
BVMT-R adjust only for age (Benedict, 1997; Brandt & Benedict, 2001), those for the other
tests adjust for age, education, and in some cases gender and ethnicity (Heaton et al., 2004;
Kongs et al., 2000; Taylor & Heaton, 2001).]

We imputed missing test scores (<5% of test scores or equivalent to no more than one
missing score per participant) using regression equations based on the other scores in the
domain for the current sample (i.e., the participant’s available demographically adjusted T-
scores were used to impute missing T-scores.) Imputation by regression is a common way of
handling randomly occurring missing data (Allison, 2002). The Mean Overall T-score was
then calculated based on averaging the T-scores across all of the seven domains for that
particular individual. We then computed deviation scores for each of the individual subtests
(Test deviation score = individual Test T- score - Mean Overall T-score) for each
participant. Then we calculated the average domain deviation score by summing all of the
individual test deviation scores in a given domain and dividing that sum by the number of
tests in the domain for each individual. We used these domain deviation scores as the basis
for the analyses.

The domain deviation scores were submitted to a 2-part cluster analysis using MATLAB
R2007b. The first part is a hierarchical cluster analysis used to determine the number of
clusters, and the second K-means is an iterative cluster analysis used to determine cluster
membership. We used the hierarchical cluster analysis (similarity metric: Pearson
correlation; distance metric: squared Euclidean distance) to determine the number of clusters
by appraising the inverse scree plot and the dendrogram. According to Lange et al. (2002),
hierarchical analysis is the best method for determining the number of clusters present in a
data set, but because it does not allow movement of cases between clusters once they are
allocated, it is not good at determining final membership. The inverse scree plot is
interpreted like the scree plot in factor analysis, where a change in slope indicates the
number of clusters, with the dendrogram indicating the likely number of clusters, shown as a
natural “break” in the graph. The final likely number of clusters was then entered into the K-
Means analysis method because K-means is better at determining final cluster membership,
as it allows movement of cases between clusters throughout the iterative process. These
clusters should therefore be more stable and cohesive (Lange et al., 2002). Using the
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Statistical Package for Social Sciences (SPSS) version 12.0.1, we examined the clusters for
differences in demographic composition, measures of psychopathology, and overall level of
neuropsychological functioning. For continuous variables these comparisons were
conducted with a series of one-way analyses of variance (ANOVAs) with Sheffe post-hoc
comparisons for those tests in which the omnibus comparison was significant). Categorical
variables were compared with Pearson Chi-square tests with post-hoc pairwise comparisons
using Ryan’s procedure (Linton & Gallo, 1975). Significance was defined as p<.05 (two-
tailed).

RESULTS
Demographic and clinical characteristics

The mean age of the sample was 51.6 (SD = 6.8; range = 40 to 70) years, and mean
education was 12.2 (SD=2.4; range = 4 to 18 years). Ethnic background included 62%
Caucasian, 21% African American, 12% Hispanic/Latino, 2% Asian-American, and 3%
other ethnic backgrounds. Psychopathological symptoms were generally mild in nature
(HAM-D: mean = 8.9, SD = 6.1; PANNS-Positive: mean = 13.6, SD = 5.5; PANNS-
Negative mean = 13.3, SD = 5.2; PANNS-General: mean = 26.2, SD = 6.6). Using the
categories for describing T-score ranges suggested by Heaton et al. (2004), T-scores
generally fell within the “mild to moderately” impaired range (mean = 38.3, SD = 6.7) but
among the individual participants the mean T-scores ranged from T=25 (“moderately
impaired”) to T=62 (“above average”). Age of onset was not available for all subjects, but
for those (N=119) for whom it was available either via self-report or records review, the
mean age of onset was 27.1 years (SD = 9.9), and duration of illness ranged from 4 to 54
years.

Cognitive clusters
After calculating and submitting the domain scores to the hierarchical cluster analysis, two-
to twelve-cluster solutions were plausible based on inspection of the inverse scree plot and
dendrogram (i.e. tree diagram indicating the arrangement of clusters). However, a five-
cluster solution was determined to be most appropriate and was sought with random seed
points (i.e., random points in space from where the clusters start to be grouped) from the K-
Means analysis. Although the silhouette plot (i.e., a plot showing how independent the
clusters are) indicated some cluster overlap based on their centroids (i.e., the mean scores for
the cluster; see Table 1 for mean domain T-scores for each cluster), there were no significant
positive correlations between the clusters (all ps >.05, not reported here), indicating relative
independence between cluster outcomes. The centroids presented in Table 1 are mean
domain T-scores, with relative strengths and weaknesses (being more than five points above
or below the overall mean T-score across all seven domains) being highlighted.

As shown in Table 1, Profile 1 (n=19) showed relative weakness in the area of Visual
Learning and Memory. Profile 2 (n=38) showed relative strengths in Verbal Comprehension
and Processing Speed but relatively poor Auditory and Visual Learning and Memory, and
Abstraction/Cognitive Flexibility, whereas participants with Profile 3 (n=40) presented with
only relative weaknesses in Abstraction/Cognitive Flexibility. The remaining two profiles
indicate that both Profile 4 (n=17) and Profile 5 (n=30) have a relative strength in Verbal
Comprehension and Visual Learning & Memory with a relative weakness in Abstraction/
Cognitive Flexibility, but whereas Profile 4 has an additional relative weakness in Auditory
Learning & Memory, Profile 5 has a relative weaknesses in Visual Learning & Memory.

We also completed a series of ANOVAs and Chi-square analyses to assess if the clusters
differed with respect to demographics or severity of depressive, positive, negative, or

Dawes et al. Page 5

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



general psychiatric symptoms (shown in Table 2). No significant cluster group differences
were found on age, gender, or severity of positive, negative, or general psychiatric
symptoms. The only significant differences among the clusters were in reported level of
education and ethnicity (percent Caucasian) distribution (both p values ≤ .001). Participants
in K5 were more educated than participants in K1, K2 and K3, and there was a larger
proportion of Caucasians K1, K3, and K4. The HAM-D scores indicated that there was a
main difference between the clusters on the number of depressive symptoms endorsed, but
post-hoc analyses did not show any differences between the clusters when evaluated on a
pair-wise basis.

DISCUSSION
We found five relatively independent cognitive clusters (or profiles) of patients with
schizophrenia. In addition, the solution was reasonably replicated using the two cluster
methods (i.e., we found positive correlations between the cluster solutions found by the two
differing methods of analysis). These ideographic cognitive profiles did not appear to have
any major associations related to age, gender, or level of positive, negative, or general
psychiatric symptoms, but Profile 5 (relative strength in verbal abilities and relative
weaknesses in abstraction/cognitive flexibility executive functions and visual learning and
memory) contained a larger percentage of Caucasians and was better educated than the other
clusters. Profile 5 contained approximately 21% of the sample. To our knowledge, this is the
first study to assess the patterns of neuropsychological performance in people with
schizophrenia based on relative strengths and weaknesses rather than the magnitude of their
performance, and thus gives a complementary perspective to the cognitive subtyping in
schizophrenia relative to those observed with the more common cluster analytic approaches
(focused on absolute magnitude of deficits relative to normative values).

Given the long standing interest in impaired executive functions in schizophrenia (Zec,
1995), it was notable that the one domain that emerged as the most consistent relative
weakness across clusters was Abstraction/Cognitive Flexibility, which was a relative
weakness in four of the five clusters. Executive functioning deficits are often touted as one
of the main neuropsychological deficits in schizophrenia (Palmer & Heaton, 2000; Velligan
& Bow-Thomas, 1999; Wobrock et al., 2008). On the other hand, there was one cluster,
consisting of 14% of the sample, that did not display a relative weakness in Abstraction/
Cognitive Flexibility. Indeed, for this particular cluster (Profile 1), the average T- score for
Abstraction/Cognitive Flexibility (T=41) was one of the higher scores in this profile and fell
within what Heaton et al. (2004) label the “average range” of functioning. So, even with
these abilities as representatives of “executive functions,” it cannot be said that they are
invariably differentially impaired in schizophrenia.

Of the other abilities, none of the profiles was characterized by relative weaknesses in
Verbal Comprehension, Perceptual Organization, Attention/Working Memory, and
Processing Speed. The finding in regard to Verbal Comprehension is expected given the
heavy emphasis on crystallized verbal knowledge among the tests in this domain. (Indeed,
almost one third of the sample [Profiles 4 and 5] had a relative strength in Verbal
Comprehension.) However, the lack of relative weakness in Attention/Working Memory and
in Processing Speed is noteworthy given suggestions that these abilities may contribute to
deficits in other domains (Dickinson et al., 2007; Goldman-Rakic, 1994; Kern et al., 2011).
On the other hand, a deficit in a particular domain may be more central/important without
necessarily being more impaired, i.e., depending on where the ability falls within a causal
chain among various dimensions of the disorder (Palmer et al., 2010).
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Because the focus of the original studies from which these data were drawn was on middle-
aged and older outpatients, it is possible that the present findings would not readily
generalize to younger adults with schizophrenia. On the other hand, the present analyses
were based on scores that had been adjusted for normal age-effects using standard published
norms, and neither age nor duration of illness have been found to be correlated with severity
of cognitive impairment among non-institutionalized persons with schizophrenia (Heaton et
al., 2001; Kurtz, 2005). Therefore, it seems unlikely that age alone would strongly bias the
present findings.

Another potential limitation of the present study is that diagnostic status was determined
through the participants’ treating clinical care providers, rather than being confirmed with
the Structured Clinical Interview for the DSM-IV (First, Spitzer, & Gibbon, 2002) or similar
standardized method. Thus it is possible that some of the participants would have met
criteria for another schizophrenia-spectrum or psychotic disorder. We also had no systematic
data on clinical subtypes, so the degree to which the cognitive profiles may co-vary with
clinical subtypes was not empirically evaluated. On the other hand, the limited validity of
traditional clinical subtypes is well documented (Carpenter & Stephens, 1979), and these
subtypes are to be eliminated in the forthcoming DSM-V (Miller & Holden, 2010).

Another consideration is that the clusters identified may be affected by the specific tests
used to operationalize the cognitive domains. For instance, recent findings from our research
group based on an independent sample (Savla, Twamley, Delis, et al., 2010; Savla,
Twamley, Thompson, et al., 2010) suggest that the mental flexibility and abstraction
components of executive function may be at least partially independent, and that severity of
deficits on some mental flexibility tasks may be more common than among others. Those
findings were based on a large battery of executive function tests designed to permit
distinguishing different aspects of executive function, whereas the present battery did not
include sufficient numbers of tests of each type of executive function to examine those two
types separately.

It is also noted that there were no chronically institutionalized patients in the study, but 63%
were in assisted living (i.e., Board and Care homes) at the time of evaluation. Prior data
from our research center has shown that chronically institutionalized patients have worse
cognitive functioning than community dwelling patients (Evans et al., 1999), but among
community dwelling patients, those in assisted living/Board and Care homes tend to have
worse cognitive deficits than those living independently (Auslander et al., 2001). The focus
of the present study was on patterns/profiles of cognitive strengths and weaknesses, rather
than level, but further research with larger subsamples of persons living in various levels of
care would be helpful to determine if the present patterns replicate equally across the full
range of such settings.

The present study is based on cross-sectional data, but in future research it would also be
useful to determine the natural stability of these subtype groupings as well as clinical and
intervention factors that may affect that stability. The finding that the patients in the fifth
cluster (Profile 5) had higher levels of education and were more likely to be Caucasian raises
the possibility that patterns of relative impairment could be affected by non-biologic factors.
Future studies should consider use of imaging or EEG to determine the degree to which the
subtype patterns correspond to differences in other indicators of brain function, as well as
exploring the degree to which these patterns predict specific deficits or strengths in various
aspects of everyday functioning. For example, the first cluster (Profile 1) was characterized
by a relative weakness in Visual Learning & Memory. The mean T-score for Auditory
Learning & Memory in Profile 1 did not meet our a priori criterion for identification as
relative weakness, but it was the second (relative) lowest cognitive domain in the cluster.
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There was no indication in Profile 1 of a relative weakness in Abstraction/Cognitive
Flexibility, but the latter did emerge as at least one of the relative weaknesses in the other
four clusters. It would be interesting to use EEG and neuroimaging to explore whether the
pattern of temporal/hippocampal versus prefrontal function or structure for patients in this
cluster differs systematically from that of patients in the other four clusters. Through such
follow-up research, the approach employed in the present study, focused on relative (within-
person) cognitive strengths and weaknesses, may prove helpful in identifying subgroups of
patients with more neurobiologic homogeneity than has been observed when defined solely
by absolute level of performance.

In short, although future research would be helpful to replicate and extend the present
findings, our results establishing five relatively independent clusters of neuropsychological
performance in those with schizophrenia are important in demonstrating the possibility of
more homogenous cognitive subgroups, and are an alternative to other methods which focus
on absolutely level of performance. If replicated, use of such subtypes may prove useful in
tailoring rehabilitation efforts to the person’s strengths to gain more benefit to the person,
guiding neuroimaging studies by pinpointing particular areas to focus on in the search for a
neurobiological underpinning of the disease, or even assisting in identifying biological
subtypes of schizophrenia.
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