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Schizophrenia and cognitive function
Gina Kuperberg* and Stephan HeckersT

Schizophrenia is often associated with cognitive deficits,
particularly within the domains of memory and language. Specific
cognitive deficits have recently been linked to psychotic
phenomena, including verbal hallucinations and disorganized
speech. Impairments of working and semantic memory are
primarily due to dysfunction of the frontal cortex, temporal cortex,
and hippocampus. Cognitive skills in schizophrenia predict social
functioning and may serve as outcome measures in the
development of effective treatment strategies.
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Abbreviations
DLPFC dorsolateral prefrontal cortex

fMRI functional magnetic resonance imaging
MT medial temporal area

PET positron emission tomography

WM working memory

Introduction

Schizophrenia is a severe mental disorder characterized
by a variety of signs and symptoms. The clinical phe-
nomena associated with schizophrenia can be grouped
into positive and negative clusters. The positive cluster
includes the phenomena that are not present in the nor-
mal individual: for example, hallucinations, delusions,
disorganized speech or positive thought disorder. The
negative cluster describes the absence of certain func-
tions that are present in the normal individual: for

Table 1

example, apathy, avolition, and poverty of speech. More
recently, factor analytic studies have suggested that these
phenomena cluster into three ‘syndromes’: psychomotor
poverty (encompassing many of the negative symptoms),
reality distortion (hallucinations and delusions), and dis-
organization (positive thought disorder and disorganized,
non-goal-directed behavior). Since its earliest conception
as ‘dementia praecox’ (i.e. early-onset dementia),
impaired cognitive function has also been considered a
core feature. Clear evidence to suggest that cognitive
dysfunction is intrinsic to schizophrenia, however —
rather than the result of chronic illness, institutionaliza-
tion or medication — is only now emerging: cognitive
deficits are present in adolescents at risk for schizophre-
nia and in untreated first-episode schizophrenic patients
[1]. Moreover, cognitive performance does not deterio-
rate over the first few years of illness when patients are
treated [2,3].

Research into cognition and schizophrenia over this past
year has taken several different approaches. Here, we
review behavioral studies of cognitive dysfunction, region-
al brain activation during task performance, the effect of
cognitive impairment on social functioning, and the effect
of psychotropic medication on cognition in schizophrenia
(see Table 1).

Impaired cognitive function

Schizophrenic patients show deficits in a variety of cogni-
tive domains including executive function, attention,
memory and language. There is increasing evidence that
such deficits are not global and generalized but rather they
are specific and selective, manifest by distinct patterns of
association and dissociation of performance across different
cognitive tasks.

Recent studies (reference number in brackets) of cognitive deficits in schizophrenia, their correlation with clinical features, and

their neural mechanisms.

Deficits in

Clinical correlates

Neural mechanism

Working memory [4,5,7,8]
Episodic memory [10°°]
Verbal learning

Semantic memory [6,9°]

Semantic priming [17]
Sentence processing [18°°]
Source monitoring [12,13]
Speech perception [14]

Thought disorder [15]

DLPFC [20,21,23,24°°,25]

Thalamus [27°]

Striatum [28]

CCTCC [29,30°]

DLPFC [22°]

Hippocampus [26°°]

Anterior cingulate [38°]
Frontal-temporal—parietal [37°]

Thought disorder [17]
Thought disorder [18°°]
Auditory hallucination [11°°]
Auditory hallucination [14]

CCTCC, cortical-cerebellar-thalamic-cortical circuit.
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A distinct pattern of cognitive deficits in schizophrenia
could theoretically reflect a single cognitive deficit. For
example, the correlation of reaction-time facilitation and
error interference on the Stroop task (a measure of selec-
tive attention) with performance on the Speaking Span
test (a measure of working memory) could indicate a com-
mon cognitive disturbance [4]. Similarly, Cohen ez a/. [5]
have demonstrated that schizophrenic patients show selec-
tive patterns of impairment on three different tasks (a
version of the Continuous Performance Task, the Stroop
test, and a lexical disambiguation task), with the poorest
performance seen in experimental conditions that were
most sensitive to context. Moreover, a significant cross-
task correlation within these ‘context-sensitive’ conditions
was taken to support the theory that schizophrenia is char-
acterized by an impairment in using representations of
context to govern appropriate behavior.

A dissociation in performance, either between two related
tasks or between experimental conditions within the same
task, is also consistent with the existence of selective
deficits. For example, dissociations have been described
between semantic as opposed to phonological fluency [6]
and in verbal as opposed to non-verbal auditory working
memory [7]. A deficit in the Stroop test but not in two
other interference tasks [8] suggests that schizophrenic
patients with the disorganized syndrome are impaired in
their ability to suppress irrelevant verbal responses. In
addition, selective deficits have also been described in the
pattern of retrieval from both semantic and episodic mem-
ory. Semantic memory has been conceptualized as an
associative network in which world knowledge and the
meaning of words are stored. Following presentation of a
series of words, the pattern of recall depends upon both
the strength and the number of associative links with other
words in the network. Schizophrenic patients recall fewer
words than normal controls in a retrieval task. More inter-
estingly, over and above this poor overall performance,
patients show an abnormal pattern of word recall, suggest-
ing a specific impairment in either the structure or
modulation of this associative network [9°].

Schizophrenic patients are also impaired when asked to
provide details of a previous episode, or when asked to
identify the origins of an event. When schizophrenic
patients performed or watched the pairing of objects, they
showed an overall recognition deficit and were specifically
impaired when asked to recall details of the pairing
episode [10°°]. This provides evidence that memory
deficits in schizophrenia are associated with an inability to
link the separate aspects of events into a cohesive, memo-
rable, and distinctive whole.

Cognitive deficits are not necessarily found in all schizo-
phrenic patients. This raises the issue of whether
heterogeneity in cognitive performance reflects hetero-
geneity in symptomatology. Some of the paradigms used in
studies describing specific qualitative differences between

normals and schizophrenics have face validity with partic-
ular symptoms of schizophrenia. For example, one might
predict that patients with positive thought disorder (disor-
ganized speech) may have specific deficits in semantic
function, while those with auditory hallucinations may
have particular problems with auditory source memory.
This paves the way towards a ‘symptom-orientated
approach’ to the study of cognitive deficits in schizophre-
nia. In such an approach, a particular symptom is taken as
the point of reference; patients with and without this
symptom are recruited, and the hypothesis posed relates to
the theoretical link between the proposed cognitive deficit
and this clinical phenomenon.

Verbal hallucinations might occur when internal thought
(or ‘inner speech’) is misattributed as arising from external
sources. Johns and McGuire [11°°] report that hallucinators
are particularly likely to make errors when articulating
derogatory words — a finding consistent with the pattern
of deficits revealed on a source monitoring task [12] and
with the clinical observation that auditory hallucinations
are often derogatory. Misattribution errors may arise from
an abnormal attribution ‘bias’, as opposed to abnormal per-
ceptual encoding [13]. A cognitive bias caused by the
emotional content of the material may be influenced by
top-down processes; for example, by one’s beliefs about
one’s relationship with one’s surroundings, such as
‘metacognitions’ about controllability and danger [12]. An
alternative hypothesis — that verbal hallucinations arise
from abnormalities in speech perception — is supported
by the finding that patients with, but not without, audito-
ry hallucinations show deficits in speech tracking and
sentence repetition [14].

It has been hypothesized that positive thought disorder
reflects a specific deficit in processing meaning. At the
level of individual words, this hypothesis has been
explored using semantic priming paradigms [15]. Semantic
priming is the decrease in the reaction time taken to make
a lexical decision or to name a target word, if the word pre-
sented just before the target is semantically related. The
results of semantic priming studies in schizophrenia have
been mixed, showing both increased, normal and
decreased priming effects. These contradictory results
may reflect the psychometric parameters and paradigms
used, and have been interpreted as consistent with abnor-
malities in semantic processing. For example, increased
direct and indirect priming (where subjects are more like-
ly to associate relatively weakly ‘linked’ words with one
another) in healthy subjects with elevated scores for schiz-
ophrenic language disturbances [16] has been interpreted
as evidence for an activated (or disinhibited) semantic
associative network. On the other hand, reduced priming
to medium or highly associated words in positively
thought-disordered patients may reflect a deviant pattern
of activation within the semantic network [17]. Clinically,
positive thought disorder is characterized not just by
abnormal word associations, but by phenomena such as



‘derailment’ and ‘tangentiality’, which suggest problems
with whole themes. Kuperberg ez /. [18°°] aimed to bridge
the gap between the clinical phenomenology of language
abnormalities in schizophrenia and their underlying cogni-
tive basis by using a task in which subjects monitored for
words in auditorily-presented normal and linguistically-
anomalous sentences. The results suggested a specific
impairment in using linguistic context during ‘online’ lan-
guage processing. All types of anomalous sentences were
violated in meaning (pragmatics/semantics). Thus, these
findings are consistent with the idea that thought disorder
reflects a deficit in semantic processing. Intriguingly, the
severity of thought disorder does not correlate with work-
ing memory and executive function [15] and reduced
semantic priming fails to predict impaired performance on
the Stroop test [19]. These findings suggest that deficits in
semantic function can be dissociated from deficits in atten-
tion and working memory.

Mapping cognitive dysfunction in the brain
Studies involving functional neuroimaging during several
different cognitive tasks suggest that schizophrenia is asso-
ciated with a widespread dysfunction within a network of
brain areas involving the frontal and temporal cortex, the
hippocampus, and subcortical regions.

Impaired dorsolateral prefrontal cortex (DLPFC) function
has been linked with impaired working memory (WM) —
the internal representation, maintenance and updating of
sensory information — in schizophrenia [20]. Several
recent studies have given new insights into the precise rela-
tionships between DLPFC dysfunction and WM
performance. DLLPFC function may be dependent upon
task ‘difficulty’: during tasks with a low WM load, DLLPFC
function lies within the normal range and only becomes
abnormal when WM load increases and performance
becomes less accurate [21,22°,23]. Although this finding
reconciles the divergent results of some previous studies,
discrepancies still remain: both decreased [21] and
increased [23] recruitment of DLPFC have been described
during high-load WM tasks, and both right [21] and left [23]
DLPFC dysfunctions have been documented. Moreover,
deficits on different WM tasks are associated with distinct
patterns of dysfunction: for example, WM deficit for words
but not tones [10°*] is associated with an impaired recruit-
ment of left inferior frontal cortex [24°°].

Frontal dysfunction in schizophrenia may be associated
with increased responses in distant yet highly connected
areas such as the parietal cortex [22°,25] and the superior
temporal gyrus [22°]. Moreover, a recent PET study
revealed abnormally high levels of hippocampal blood flow
in schizophrenia: patients failed to show a normal modula-
tion of hippocampal activity during word retrieval [26°°].

There is increasing evidence that three brain regions that
make strong connections with the frontal lobe — the thal-
amus, the striatum and the cerebellum — are also
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abnormal in schizophrenia. First, thalamic glucose metab-
olism during verbal learning is reduced in schizophrenic
subjects, primarily in the region of the mediodorsal nucle-
us [27°]. Second, both treated and untreated patient
groups show decreased striatal metabolic rates during a
verbal learning task [28]. T'hird, studies of verbal learning
and story recollection suggest that the cerebellum, via con-
nections with both the DLPFC and the thalamus, is also
part of the abnormal circuitry in schizophrenia [29,30°].

Recent studies of eye-tracking dysfunction in schizophre-
nia provide further evidence for the involvement of both
frontal and temporal regions [31,32°°,33,34,35°,36]. First,
the observed pattern of impaired pursuit eye movements
and intact catch-up saccades implicates the frontal eye
fields or their efferent or afferent pathways [35°]. Second, a
series of recent studies has described a motion perception
deficit with impaired velocity discrimination, suggesting
the involvement of the motion processing area M'T (medial
temporal area) in the temporal lobe [31,32°°,33]

In summary, perturbations of brain activity in schizophre-
nia are not localized to one brain region but to neural
networks, primarily involving the frontal and temporal
lobes as well as subcortical regions. It has been proposed
that the functional connections between these regions
may be abnormal in schizophrenia. This hypothesis has
been tested using novel statistical approaches. For exam-
ple, structural equation modeling (path analysis) of a
semantic processing study using PET" showed differences
between schizophrenia and control groups in the neural
interactions amongst frontal regions, between frontal and
temporal regions, and between the frontal lobe and ante-
rior cingulate cortex [37°]. When PET data from a
memory study were analyzed for the effects of one neu-
ronal system over another (so-called effective connectivity
analysis), the normal anterior cingulate modulation of
frontal-temporal interaction was found to be disrupted in
schizophrenia [38°].

Implications of cognitive dysfunction

Do cognitive deficits predict social functioning?

There has been a renewed interest [39] in predicting how
the schizophrenic patient will function in the community,
on the basis of both symptoms and cognitive deficits
[40-43]. After reviewing studies that evaluated cognitive
measures as predictors and correlates of functional out-
come for schizophrenic patients, Green [39] suggested
that deficits in verbal memory and vigilance are the best
predictors for impaired social functioning in the
community. Subsequent studies have provided further
evidence that cognitive deficits contribute directly to
impaired social functioning [40,41]. Cognitive dysfunction
is not the only predictor for social functioning in schizo-
phrenia. A recent prospective study, for example, linked
community functioning to the degree of disorganization
[43]. Cognitive dysfunction is a valuable measure in the
study of schizophrenia however, as it allows for objective
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and repeated assessments, can be linked directly with
abnormalities in brain function (see above), and can serve
as an outcome measure in the development of therapeutic
drugs (see below).

The effect of medication on cognitive function

Psychotropic medication can, in theory, either impair or
improve the cognitive skills of patients with schizophrenia.
Moreover, some psychotropic medications may have selec-
tive beneficial effects on particular aspects of cognitive
function. For example, there is preliminary evidence that
several of the atypical antipsychotic drugs (such as risperi-
done and clozapine) improve cognitive skills more than
typical antipsychotics (such as haloperidol) [44,45].
Indeed, cognition is emerging as a valuable outcome mea-
sure in the development of the new atypical antipsychotic
medications. Specifically, risperidone has been associated
with improved verbal WM and clozapine with improved
verbal fluency and verbal learning [44,45]. The mechanism
for the differential effects of psychotropic drugs is unclear
[44], but could involve specific targets in the dopaminer-
gic, noradrenergic, and cholinergic systems [46].

Neuroimaging studies provide an important link in the
study of the neural mechanisms mediating the effects of
antipsychotic medication on cognition: a recent fMRI
study demonstrated that risperidone enhances brain
activation during WM task performance in right pre-
frontal cortex, supplementary motor area, and posterior
parietal cortex after substitution for typical antipsychot-
ic drugs [47]. However, it is unclear how the differences
in brain activation should be interpreted, because the
task was sufficiently easy for the patients to perform at
normal levels.

Conclusions

In recent years, we have seen the examination of cognitive
function in many areas of schizophrenia research, perhaps
reflecting our growing understanding of schizophrenia
from a neurocognitive perspective. Cognitive dysfunction
is a direct predictor of poor social functioning and can be
ameliorated by certain psychotropic drugs. Deficits are
found in many behavioral domains, and are mediated by
widespread but distinct abnormalities in brain function.
The existence of specific patterns of cognitive dysfunc-
tion — many linked with particular clinical phenomena —
suggests several important avenues of future research. Are
specific associations and dissociations of cognitive dys-
function reflected by parallel patterns of neuroanatomical
dysfunction? Can these, in turn, be linked to individual
symptoms of schizophrenia? Do different drugs have selec-
tive effects on symptoms and cognition? If so, what is their
mechanism of action? Addressing such questions has direct
implications for the prognosis and treatment of the indi-
vidual patient: it will pave the way towards the
development of more rational approaches to treatment,
whereby specific symptoms and cognitive deficits can be
targeted and remedied.
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