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Knowledge of the relationship between specific
cognitive abnormalities and the clinical symptoms
of schizophrenia could give insight into the nature
of their underlying pathophysiology. Composite
scores were generated for negative, disorganized,
and psychotic symptom ratings in 134 patients
with schizophrenia (DSM-1V criteria). Partial
correlations (each composite corrected for the oth-
ers) were computed with neuropsychological mea-
sures. Negative symptoms were related to poor
performance on tests of verbal learning and mem-
ory, verbal fluency, visual memory, and visual-
motor sequencing. Disorganized symptoms were
correlated with lower verbal IQ and poor concept
attainment. Psychotic symptoms had no signifi-
cant relationship with cognitive deficit.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2000; 12:4-15)
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bnormal cognitive performance has been observed

in individuals with schizophrenia on tasks ranging
from early attentional gating to full-scale IQ," sug-
gesting that schizophrenia is associated with a broad
impairment of cognitive function. However, several
studies have suggested that more specific or primary
deficits exist within the pattern of global impairment.*>
There is at present, therefore, no consensus as to
whether the multiple cognitive abnormalities that have
been noted in individuals with schizophrenia reflect
generalized cognitive impairment, whether more focal
and primary deficits are masked by the clinical hetero-
geneity and high variability in the performance of
schizophrenic patients,®® or whether, as we have re-
cently suggested, dysfunction in a fundamental cogni-
tive process could result in the diversity of symptoms
observed in schizophrenic patients.”"

In addition to lower average performance on cogni-
tive tasks, groups of schizophrenic individuals also typ-
ically have much greater variability in comparison to
control groups. This increased variability could have
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several causes. Increased variability would result if each
patient’s performance was inconsistent across tasks. For
example, a patient might perform poorly on a task when
attending to a hallucinatory voice, but perform well on
a similar task when not hallucinating. Alternatively, in-
creased variability would result if patients with differ-
ing types of symptoms had different cognitive deficits.
Schizophrenic individuals manifest diverse clinical
symptoms, ranging from disorders in the perception
and interpretation of events in the world (i.e., halluci-
nations and delusions), to disorders in thought and lan-
guage (i.e.,, derailment, tangentiality, incoherence), to
abnormalities in emotional expression, social interac-
tion, and volition (i.e., negative symptoms). If clinical
symptoms are related to abnormalities in brain systems
that also cause disorders of cognition, then high vari-
ability in cognitive performance would be expected in
groups of clinically heterogeneous patients with schizo-
phrenia. That is, different cognitive abnormalities would
be associated with the different symptoms expressed by
individual patients.

One approach to assessing the heterogeneous symp-
toms of schizophrenia involves correlational techniques.
Our group at the University of lowa has performed a num-
ber of factor analytic studies on the Scale for the Assess-
ment of Negative Symptoms (SANS)'? and the Scale for
the Assessment of Positive Symptoms (SAPS)."* These
studies indicate that negative symptoms form a cohesive
factor. Positive symptoms, however, load on several fac-
tors. The most consistent solution for positive symptoms
produces two factors, one reflecting florid psychotic
symptoms (i.e., hallucinations and delusions) and the
other reflecting disorganized language and behavior and
inappropriate affect."*'” A number of studies from other
groups have also found a three-dimensional model of
symptomatology (see review'”).

The underlying assumption of the factor analytic ap-
proach is that symptoms that frequently co-occur may
share a common mechanism. If this assumption is cor-
rect, then showing that there are characteristic patterns
of cognitive dysfunction associated with each dimension
can validate symptom dimensions identified by factor
analysis. Although the factor analytic evidence is sur-
prisingly consistent in supporting a three-dimensional
model of symptomatology, relatively few studies have
attempted to validate this factor structure by the use of
neurobiological or neuropsychological indices.

Bilder et al.'® assessed chronic schizophrenic patients
with symptom rating scales and a battery of neuropsy-
chological tests. They found that a symptom cluster re-
flecting disorganization was most strongly associated
with cognitive dysfunction and that a negative symptom
cluster showed a less strong association with poor cog-

J Neuropsychiatry Clin Neurosci 12:1, Winter 2000

O’LEARY et al.

nitive performance. Liddle'® found that a symptom
dimension reflecting “psychomotor poverty” was asso-
ciated with poor performance on tests of conceptual
thinking, object naming, and long-term memory. Symp-
toms reflecting disorganization were associated with
poor performance on tests of concentration, immediate
recall, and list learning. In an independent sample of pa-
tients, Liddle and Morris*' found the negative symptom
dimension to be associated with a slowing of mental
activity, whereas the disorganization dimension was
associated with an inability to inhibit inappropriate
responses.

Frith et al.* used stepwise multiple regression to ex-
amine the relationship between cognitive measures and
symptoms in a large sample (N =283) of schizophrenic
patients. They found no relationship between halluci-
nations and any cognitive measure, and delusions were
related only to a decline in IQ. Negative features of
schizophrenia (flattening of affect, poverty of speech,and
motor retardation) were strongly associated with cog-
nitive impairment. Two positive symptoms reflecting
disorganized behavior (incoherence of speech and in-
congruity of affect) were also associated with cognitive
impairment, independently of the effects of the negative
symptoms. Cuesta and Peralta® found only weak as-
sociations between cognitive dysfunction and the three
symptom dimensions but did find disorganized and neg-
ative symptoms to be more strongly associated with cog-
nitive disturbance than were positive symptoms.

Although there have been negative findings,**** the
majority of studies suggest that cognitive dysfunction is
associated with both the negative and the disorganized
symptom dimensions of schizophrenia, but that cogni-
tive dysfunction has little or no relationship with the
psychotic dimension. The differences in the pattern of
association between negative and disorganized symp-
tom dimensions and neuropsychological function re-
ported in these studies preclude more specific hypoth-
eses. The present study assesses the relationship
between cognitive function and negative, disorganized,
and psychotic symptom dimensions in a large sample
(N=134) of well-characterized patients with schizo-
phrenia defined by DSM-1V criteria. Refinement of our
understanding of the relationship between cognitive
dysfunction and the symptoms of schizophrenia is im-
portant for several reasons. Evidence that specific symp-
tom dimensions are associated with different types of
cognitive dysfunction could be an important first step
in identifying schizophrenic syndromes. Additionally,
further knowledge concerning the relationship between
cognitive function and symptoms could help answer the
question of whether schizophrenia causes generalized
cognitive impairment.
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METHODS

Patients

The schizophrenic subjects were 90 male and 44 female
patients who had a primary DSM-IV diagnosis of schizo-
phrenia, drawn from a group of schizophrenia spectrum
patients who were consecutive admissions to the Mental
Health Clinical Research Center (MHCRC) at the Uni-
versity of lowa. Diagnostic subtypes were as follows: 17
disorganized, 61 paranoid, 6 residual, 49 undifferentiated,
and 1 catatonic. Thirty-eight of the patients were in their
first hospitalization and were neuroleptic-naive at the
time of admission. Patients were excluded if their primary
diagnosis was not schizophrenia. Patients were also ex-
cluded from the present study if they had a history of neu-
rological or medical disorder that would affect neuropsy-
chological function (i.e., seizures, head trauma, stroke,
brain tumor, meningitis) or if they had a recent history of
abusing alcohol or psychoactive drugs. All subjects gave
informed consent to participate in the study.

Diagnosis

Diagnosis was by consensus of two MHCRC research
psychiatrists and was based on both cross-sectional and
longitudinal information as reflected in the Comprehen-
sive Assessment of Symptoms and History (CASH), a
structured interview and recording instrument.*® The
CASH was completed by MHCRC nurses and physi-
cians at the time of each patient’s discharge from the
hospital and was based on information collected during
the entire course of hospitalization. Demographic infor-
mation is given in Table 1.

Control Subjects

Control subjects were normal volunteers recruited by
newspaper advertisement from the local community.
Because the patient group may have had a decline in
cognitive function, an effort was made to match patient
and control groups as closely as possible on parental
socioeconomic status. Thus, the control data provide an
estimate of the level of cognitive function that would
have been expected to be achieved by individuals with
the same socioeconomic background as the patient

TABLE 1. Demographic information for schizophrenic patients

(N=134)

Characteristic Mean+SD
Age, years 31.2+9.6
Education, years 13.1+2.0
Age at onset of illness, years 21.5+5.9
Months since onset 126.0+100.7
Age at first hospitalization, years 23.1+6.8
Number of hospitalizations 6.9+13.7

group. Parental educational level (mean+SD) was
13.2+2.8 years and 13.2 +years for patients and control
subjects, respectively, and there was no significant
between-group difference on this variable.

Phenomenological Assessment

The SANS/SAPS symptom ratings used in the present
study were drawn from the CASH. The reliability of the
SANS/SAPS has been found to be good to excellent for
most items.”* Information came from research nurses
who saw the patients daily and completed weekly SANS /
SAPS ratings, from the primary physician during the hos-
pital stay, and from research assistants who interviewed
the patients. The SANS /SAPS ratings reflected the most
severe symptoms exhibited by the patients during their
hospitalization, which, for all of the patients who were not
neuroleptic-naive, included a 3-week drug wash. The
drug wash enabled us to rate positive symptoms that
might otherwise have been suppressed by neuroleptic
medication, and to observe negative symptoms indepen-
dent of drug side effects. Ratings that captured the most
severe symptoms exhibited by a patient were used in the
correlational analysis because we assume that psycho-
pathological symptoms have a persistent neurophysio-
logical basis (see Discussion).

On the basis of previous factor analyses performed by
our group, we computed three summary symptom mea-
sures. The summary measures reflected the dimensions
of negative symptoms, disorganization, and psychoti-
cism. Global ratings were standardized to have the same
mean and standard deviation prior to computing each
summary measure so that each global score contributed
equally to its measure. A negative symptom score was
calculated for each subject as the mean of his or her
global ratings from the SANS/SAPS for anhedonia/
asociality, avolition /apathy, alogia, and affective flatten-
ing. The global rating for attention was not included in
the negative symptom summary measure because pre-
vious studies have shown that it is factorially complex,
loading approximately equally on the negative and dis-
organized dimensions. A disorganized symptom sum-
mary score was composed of the mean for each subject
of global ratings from the SANS /SAPS for inappropri-
ate affect, positive formal thought disorder, and bizarre
behavior. A psychotic symptom summary score was
composed of the mean for each subject of global ratings
from the SANS /SAPS for hallucinations and delusions.
Table 2 lists the mean values for the SANS /SAPS global
symptom ratings that made up each dimension.

Neuropsychological Battery

During their hospitalization, all patients received a neu-
ropsychological battery consisting of a complete Wechs-
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ler Adult Intelligence Scale-Revised (WAIS-R) IQ test
and measures of attention, verbal and nonverbal mem-
ory, verbal fluency, and executive function. For the pa-
tients in their first hospitalization, testing took place
prior to administration of neuroleptic medication. For
the remaining patients, testing took place at various
times throughout the 3-week drug wash. Thus, cogni-
tive assessment and rating of symptoms occurred over
the same time period. Testing took place in a quiet room
in sessions of about an hour each, at times when the
patient was most cooperative and alert. Specific tests
and the scores used in the analyses are described in Ta-
ble 3. Each test was scored in the standard fashion. The
battery was administered by neuropsychologists or ex-
perienced research assistants and typically took 3 to 4
hours to administer. Experienced research assistants
also tested control subjects, typically during two or three
scheduled sessions.

For a variety of reasons, not all control subjects and
patients have scores for all of the measures listed in Ta-
ble 3. The reasons include a change in the tests included
in the battery, missed appointments by control subjects,
and early discharge from the hospital or refusal to con-
tinue by a few patients. For both patients and control
subjects, the WAIS-R was considered to be the highest
priority if a complete battery could not be administered,
and the numbers of both patients and control subjects
are consequently highest for this measure.

RESULTS

Neuropsychological Function

As can be seen in Table 3, the mean performance level
of the patients on the measures in the neuropsycholog-
ical battery showed the pattern of generalized impair-

TABLE 2. Mean symptom ratings for schizophrenic patients
(N=134)

SANS/SAPS Global Mean = SD
Disorganization dimension
Positive formal thought disorder 21+15
Bizarre behavior 23+14
Inappropriate affect 1.7x1.6
Psychoticism dimension
Delusions 35+13
Hallucinations 26+17
Negative dimension
Alogia 27+1.3
Affective flattening 27+1.3
Anhedonia/asociality 3.0+09
Avolition/apathy 35=x1.1

Note: SANS=Scale for the Assessment of Negative Symptoms;
SAPS =Scale for the Assessment of Positive Symptoms.
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ment that is typical of group studies of patients with
schizophrenia. Results of ¢-tests showed that the schizo-
phrenic patients performed more poorly than the con-
trol subjects on every measure in the battery. There is no
correction for the multiple statistical tests listed in the
table, but all of the t-tests were significant at the 0.001
level or above.

Correlations Between Cognitive Performance and
Symptom Dimensions

The results of primary interest for the present article in-
volve the relationships between symptom dimensions
and cognitive function that are reported in Table 4. Al-
though the three symptom dimensions segregate as in-
dependent dimensions in factor analytic studies, they
co-occur in schizophrenic patients. In the present sam-
ple, the correlation between negative and disorganized
symptoms was 0.25 (P<<0.001), the correlation between
negative and psychotic symptoms was 0.28 (P<<0.001),
and the correlation between psychotic and disorganized
symptoms was 0.33 (P<<0.001). We used partial correla-
tions in order to independently assess the relationship
between each of the symptom dimensions and cognitive
function. For example, the r-values for correlations be-
tween the negative dimension and cognitive task per-
formance reported in Table 4 are partial correlations that
control for disorganized and psychotic symptoms.
Spearman rank-order correlations were performed be-
cause not all of the variables were normally distributed.
For the sake of consistency in the correlational analysis,
the scores in which higher values indicated poorer per-
formance (e.g., error scores or timed scores) were trans-
formed (multiplied by -1), so that higher values always
indicate better performance.

As can be seen in Table 4, many of the tests in the
battery showed a significant correlation with the negative
symptom summary measure. Significant relationships
with negative symptoms were found for memory for a
verbally presented story (immediate and delayed recall
on the Logical Memory test of the Wechsler Memory
Scale, story A); memory for a word list (total items re-
membered across all learning trials [trials 1 through 5 and
trial 7] of the Rey Auditory Verbal Learning Test), and
delayed (one-hour) recall of the list; paired-associate
learning from the Wechsler Memory Scale (total score);
performance on the Benton Visual Retention Test; verbal
fluency performance (Controlled Oral Word Association
Test); time to complete a letter cancellation task (the Circle
A Test); and timed performance on Trails B from the
Halstead-Reitan Battery. Although performance IQ (PIQ)
was not significantly correlated with negative symptoms,
one of the performance subscales, Digit Symbol, did
show a significant correlation (r=-0.25, P<0.01).
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The disorganized symptom dimension was associated
with a different and more constrained set of tasks than
was the negative symptom dimension. Disorganized
symptoms were significantly correlated with lower ver-
bal IQ (VIQ) and full scale IQ (FSIQ) and with number
correct on the Wisconsin Card Sorting Test (WCST). The
significant FSIQ correlation is largely a function of the
VIQ correlation, since PIQ was not significantly related
to the disorganization score. Inspection of the subscales
for VIQ showed that the disorganized symptom dimen-
sion correlated most highly for Vocabulary (r=-0.22,
P<0.01) and Arithmetic (r=-0.20, P<0.05).

The psychotic symptom dimension showed no signifi-

cant negative correlations with cognitive function, and
there was a significant positive relationship with per-
formance on the Rey-Osterrieth Figure, at both imme-
diate and delayed (one-hour) assessment. The positive
correlation indicates that higher levels of psychotic
symptoms were associated with better performance on
this task.

The results reported in Table 4 consist of a large num-
ber of analyses (60 partial correlations). We assessed, by
using a sign test, whether the observed pattern of cor-
relations might have occurred by chance. If there were
no associations between any symptom dimension and
neuropsychological performance, half of the correla-

TABLE 3. Mean scores and standard deviations for schizophrenic patients and normal control subjects on cognitive tasks

Control Subjects Patients

Task n Mean = SD n Mean +=SD t P
WAIS-R?

Verbal 1Q 193 110.9+13.1 126 91.7+11.7 13.3 0.0001

Performance IQ 193 1129+12.3 126 88.0+134 16.9 0.0001

Full Scale IQ* 193 113.1+12.6 126 89.3+11.9 16.8 0.0001
Logical memory

Immediate recall® 166 14.5+4.2 125 85+5.0 11.1 0.0001

One-hour recall® 163 12.2+4.5 125 6.7+4.7 10.0 0.0001
Word list learning

Immediate? 165 65.9+11.1 120 44.3+16.3 12.5 0.0001

One-hour recall® 165 11.2+3.3 120 6.6+4.1 10.0 0.0001
Paired-associate learning’ 72 17.4+34 76 12.8+4.9 5.8 0.0001
Rey-Osterrieth figure

Immediate memory® 183 229+6.1 118 16.4+7.1 8.5 0.0001

One-hour recall” 183 22.3+6.3 118 154+72 8.7 0.0001
Benton Visual Retention Test! 73 78+17 76 5.8+2.1 6.3 0.0001
CPT

Number of omissions’ 185 09=+1.1 110 2.8+20 —10.1 0.0001

Number of commissions® 185 0.7+0.8 110 2.8+4.8 -59 0.0001
Circle A’s, time! 78 80.8+28.9 88 110.6+49.3 —4.8 0.0001
Trails B, time™ 94 68.1+31.1 102 125.3+69.1 —-7.6 0.0001
Finger tapping, right hand" 184 59.6+8.9 115 509+11.7 6.9 0.0001
WCST

Number correct® 163 45.2+10.6 113 36.7+10.3 6.7 0.0001

Perseverative errors? 163 6.2+5.1 113 12.8+11.2 —5.8 0.0001
Verbal fluency4 184 71.4+24.0 126 40.0+31.9 0.0001
Stroop interference score’ 181 1.1+0.3 113 0.7+£0.3 2.7 0.001

aWechsler Adult Intelligence Scale-Revised.>

*Immediate recall of Logical Memory story A, Wechsler Memory Scale-Revised.**Score is number of items remembered (25 possible).

‘One-hour recall of Logical Memory story.

4Rey Auditory Verbal Learning Test,>* Sum of trials 1-5 and 7 (90 items possible).

“Rey Auditory Verbal Learning Test, one-hour recall (15 items possible).

fPaired-Associate Learning Test from the Wechsler Memory Scale-Revised, total score (21 possible).

8Rey-Osterrieth Complex Figure, immediate recall®

"Rey-Osterrieth Complex Figure, one-hour recall.
Benton Visual Retention Test>® (10 items possible).

(36 items possible).

JContinuous Performance Test, a computerized test of vigilant attention: number of targets missed =20 possible).

kContinuous Performance Test, false alarms.

'Circle A’s letter cancellation task, time to completion.
™Trail Making Test part B,”” time to completion.

"Finger Tapping,” taps in 10 seconds: average over 5 trials.

°Wisconsin Card Sorting Test,” number correct in one deck +64 possible).

PWisconsin Card Sorting Test, number of perseverative errors.

IControlled Oral Word Association Test,*” a verbal fluency measure: percentile score.
"Score on interference trial divided by score on trial requiring naming of colored spots.”
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tions would be positive and half negative. We used a
sign test assuming independent tests to provide approx-
imate P-values for the patterns of correlations. We found
that the majority of correlations of cognitive perfor-
mance with the psychotic dimension were positive (12
of 20, sign test P=0.058, one-tailed), including signifi-
cant correlations with immediate and delayed repro-
duction of the Rey-Osterrieth figure. In comparison, all
but one of the correlations of cognitive performance
with the negative symptom dimensions were negative
(9 of the 20 correlations significant, sign test P<<0.001),
as were 18 out of 20 correlations with the disorganized
dimension (three significant, sign test P<<0.001).

DISCUSSION

The results of this study support the hypotheses that the
negative and disorganized symptom dimensions are as-
sociated with cognitive dysfunction and that the psy-
chotic symptom dimension has little or no association
with cognitive impairment. The results also support the
hypothesis that the pattern of cognitive deficits associ-
ated with negative symptoms is different from that as-
sociated with disorganized symptoms, suggesting that
these two symptom dimensions could have different
neurobiological substrates.

Negative Symptom Dimension
Our results indicate that the negative symptom dimen-
sion has a more widespread relationship with cognitive

O’LEARY et al.

impairment than does the disorganization dimension.
We found that the negative symptom summary score
correlated with a number of different measures of verbal
learning and memory, with nonverbal memory, and
with verbal fluency. There was also a significant rela-
tionship with three measures that assess the ability to
quickly perform manual tasks that are guided by visual
information: the Digit Symbol test, Trails B, and a letter
cancellation task. Interestingly, finger tapping speed, a
motor task that does not require visual guidance, was
not significantly correlated with negative symptoms.

Previous studies with smaller numbers of subjects
found a more discrete set of cognitive functions to be
associated with negative symptoms than does the pres-
ent study.'®?! Liddle and Morris*' suggested that much
of the cognitive dysfunction associated with negative
symptoms essentially involves slowness of mental activ-
ity. We controlled for the effects of mental or motor slow-
ness in a partial correlation analysis that used a com-
posite score derived from the three significant
visual-motor tasks (the Digit Symbol Test, Trails B, and
letter cancellation). The significant correlations of the
negative symptom score with the other cognitive mea-
sures changed very little when the variance associated
with visual-motor slowness was partialled. This result
indicates that the association we observed between the
negative symptom dimension and poor verbal learning
and memory, poor verbal fluency, and visual memory
was independent of a general slowing of visual-motor
function.

The neuropsychological measures that correlate with

TABLE 4. Correlations of symptom dimensions with cognitive tasks

Task Negative Symptoms Disorganized Symptoms Psychotic Symptoms
Verbal 1Q —0.10 —0.27** +0.07
Performance IQ -0.17 -0.18 +0.07
Full Scale 1Q —-0.10 —0.26** +0.08
Logical memory, immediate recall —0.21% -0.15 +0.02
Logical memory, one-hour recall —0.24** -0.15 +0.10
List learning, immediate recall —0.30%** 0.00 +0.05
List learning, one-hour recall —0.25** —0.01 +0.05
Paired-associate learning —0.28* —0.05 —0.02
Rey-Osterrieth figure, immediate memory -0.10 -0.07 +0.24**
Rey-Osterrieth figure, one-hour recall —0.08 +0.05 +0.24**
Benton Visual Retention Test —0.23* —0.06 —0.08
CPT, number of omissions —-0.07 -0.13 —-0.03
CPT, number of commissions —-0.11 —-0.18 —0.05
Circle A’s, time —0.32** —-0.19 +0.06
Trails-B, time —0.26** -0.14 —0.03
Finger tapping, right hand 0.00 —-0.13 —-0.05
WCST, number correct +0.09 —0.26%* —0.18
WCST, perseverative errors —0.02 -0.12 —0.03
Verbal fluency —0.23** -0.11 +0.12
Stroop interference score —0.05 —0.03 +0.15

Note: Values are partial correlations: each symptom dimension controlled for the other two. See Table 3 for explanation of tasks.

*P<0.05; **P<0.01; **P<0.001.
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negative symptoms fall into several different cognitive
domains (i.e., verbal and visual memory, verbal fluency,
visual-motor sequencing), which could occur if high
global scores for negative symptoms had heterogeneous
etiologies. We assessed this possibility by examining the
unique variance in neuropsychological performance
that was associated with each of the four negative global
scores from the SANS (i.e., alogia, affective flattening,
anhedonia, avolition) that made up the negative com-
posite. Partial correlations were computed for each
SANS global score, controlling for the effects of the three
other negative global scores. When the variability as-
sociated with the other negative global scores was con-
trolled by partial correlation analysis, none of the four
global scores was significantly correlated to neuropsy-
chological deficit. This result suggests that negative
symptoms, as measured by the avolition, anhedonia /
asociality, affective flattening, and alogia global SANS
scores, represent a unitary dimension.

The results of the present study indicate that when
the variability in cognitive performance that is associ-
ated with positive symptoms is controlled, negative
symptoms are associated with impairment in a variety
of cognitive domains. This finding, taken together with
the differing patterns of cognitive dysfunction associ-
ated with positive versus negative symptoms, suggests
that global cognitive deficits are a core feature of the
negative symptom dimension. This can be taken as sup-
port for the position that there are primary negative or
deficit symptoms that have an etiological relationship to
brain dysfunction.’® Supporting this possibility is a
study®! that found that deficit patients performed more
poorly than nondeficit patients on neuropsychological
measures that may assess frontal (Stroop interference
score and Trails B) and parietal (Mooney Faces Closure
Test) function.

Disorganized Symptom Dimension

Our data indicate that the disorganization dimension is
related to a more specific form of cognitive dysfunction
than is the negative symptom dimension. As can be seen
in Table 4, significant correlations were found between
the disorganized symptom dimension and VIQ, FSIQ,
and the number of correct responses on the WCST. FSIQ
is a composite measure reflecting both the verbal and
performance subscales of the WAIS-R. Because PIQ was
not significantly correlated with the disorganization fac-
tor, the significant correlation of FSIQ largely reflects
poor performance on the verbal subscales, with the Vo-
cabulary and Arithmetic subscales being most strongly
related to the disorganized dimension. The significant
correlation of the disorganized composite score with
number of correct responses on the WCST reflects poor

10

problem-solving abilities that may result from a diffi-
culty with verbally mediated processes. As noted by
Berman and Weinberger,? “inner speech” may be an im-
portant mental activity for identifying the correct re-
sponse on the WCST. The overall pattern of results sug-
gests that disorganized symptoms may be related to a
specific problem with higher-order verbal processing
and verbal reasoning.

Our finding that lower VIQ is significantly correlated
with the disorganization dimension could be taken as
evidence supporting a link between disorganized symp-
toms and developmental abnormalities.'® Whereas VIQ
in adults is relatively insensitive to brain injury, VIQ in
children is a very sensitive measure of developmental
progress and educational achievement.*® The associa-
tion of the disorganization dimension and low VIQ
might therefore indicate a neurodevelopmental abnor-
mality that would prevent the achievement of normal
verbal intellectual skills. There is, however, evidence ar-
guing against this possibility.

A developmental brain abnormality that preceded the
onset of overt schizophrenic symptoms would be likely
to cause social difficulties such as withdrawal, a failure
to develop normal friendships, poor sociosexual adjust-
ment, or low educational achievement. Table 5 lists zero-
order correlations between the three symptom dimen-
sions and variables relating to neurodevelopmental
history, such as premorbid adjustment, age at onset, and
course of illness. As can be seen, disorganization symp-
toms were significantly correlated only with duration of
hospitalizations. This argues against a developmental
hypothesis for the disorganization symptom dimension,
and in fact suggests the possibility that disorganized
symptoms reflect a neurodegenerative process. The sig-
nificant correlation between negative symptoms and
poor premorbid adjustment during adolescence sug-
gests that negative symptoms may be associated with
neurodevelopmental abnormalities.

Psychotic Symptom Dimension
We found no evidence that psychotic symptoms were
associated with cognitive dysfunction. The only signifi-
cant correlations of neuropsychological measures with
the psychotic symptom composite were positive, indi-
cating that higher levels of positive symptoms were as-
sociated with better immediate and delayed reproduc-
tion of the Rey-Osterrieth complex figure. This lack of
an association between psychotic symptoms and cog-
nitive dysfunction is consistent with findings from ear-
lier studies that assessed cognitive function in different
subtypes of patients with schizophrenia, as well as with
the nosology represented in DSM-III-R and DSM-IV.

A number of studies carried out in the 1960s and
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1970s found that paranoid patients who had good pre-
morbid adjustment and a short duration of illness
showed little or no cognitive impairment.**>® Because
one of the defining characteristics of the paranoid sub-
type is a high level of delusions, these studies may be
interpreted as demonstrating that there is a subgroup of
schizophrenic patients in whom there is no relationship
between psychotic symptoms and cognitive dysfunc-
tion. DSM-III-R and DSM-IV explicitly incorporate this
lack of association between psychotic symptoms and
cognitive dysfunction into their diagnostic criteria for
the paranoid type of schizophrenia. The diagnostic cri-
teria for the paranoid type in DSM-III-R and DSM-IV
include prominent delusions and the absence of cogni-
tive dysfunction. The results of the correlational analysis
used in the present study are therefore consistent with
subtype approaches in showing a lack of association be-
tween psychotic symptoms and cognitive dysfunction.

Neuroanatomical Correlates

The pattern of cognitive impairment associated with the
three symptom dimensions may offer insight into the
neuroanatomical basis of schizophrenic syndromes, al-
though, as discussed below, these data must be inter-
preted cautiously. Our finding that negative symptoms
correlate with poor performance on tests of verbal learn-
ing and memory, nonverbal memory, verbal fluency, and
visual-motor speed suggests that the negative symptom
dimension is associated with the most severe and /or
generalized brain abnormality. This finding is consistent
with our magnetic resonance imaging (MRI) studies,* >’
which have consistently found negative symptoms to be
associated with increased ventricular size, a nonspecific
marker of diffuse brain abnormality.

If it is assumed that the left temporal lobe plays an
important role in language processing, then our finding
that the disorganized dimension is associated with ver-
bal processing deficits is consistent with a report that
left temporal lobe MRI abnormalities are correlated with
thought disorder in patients with schizophrenia.* This
finding is not consistent, however, with a recent MRI
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finding from our group that smaller left superior tem-
poral gyral volume was correlated with the psychotic
symptom dimension, and specifically with auditory hal-
lucinations.’” A possible explanation for this conflicting
finding may be found in current theories of brain or-
ganization that indicate that behavior is mediated by
distributed networks rather than by isolated brain
regions.*!

It seems likely that distributed networks that include
a variety of cortical and subcortical components mediate
both clinical symptoms and cognitive functions in pa-
tients with schizophrenia. Components of the distrib-
uted network mediating a specific symptom dimension
may overlap with components of the networks medi-
ating other symptoms. Supporting this possibility is a
study by Friston et al.,** which used an exploratory ca-
nonical correlational analysis of regional cerebral blood
flow (rCBF) and symptom data. The analysis indicated
that florid and disorganized symptoms together formed
a vector that was associated with increased rCBF in left
superior temporal gyrus and in other brain regions. If
the left superior temporal gyrus is a shared component
in the networks mediating psychotic and disorganized
symptoms, then subtle abnormalities in this region
might be associated with psychotic symptoms in some
patients and disorganized symptoms in others.

The nonsignificant correlations of negative symptoms
with putative tests of frontal lobe integrity (WCST per-
severative errors, Continuous Performance Test [CPT,]
Stroop interference score) in the present study are sur-
prising, given the large number of tests that showed sig-
nificant relationships with negative symptoms. The
finding is consistent with MRI findings from our group
that showed a lack of association between frontal lobe
size and negative symptoms,®®* but it conflicts with
functional brain imaging studies (from Iowa and else-
where® ™) that have found the negative symptoms of
schizophrenia to be associated with lower than normal
blood flow in subregions of the frontal lobes (i.e., hy-
pofrontality). One explanation for the apparent discrep-
ancy between our neuropsychological and MRI findings

TABLE 5. Correlations of premorbid measures with symptom dimensions

Disorganized Symptoms Psychotic Symptoms

Measure Negative Symptoms
Age at onset —0.08
Duration of hospitalizations —0.02

Age at first hospitalization -0.07
Months on neuroleptics 0.00
Educational achievement —0.13
Educational problems +0.16
Premorbid Adjustment Scale (ages 6 —12 years) +0.07
Premorbid Adjustment Scale (ages 13 —21 years) +0.23%

*P<0.05.

—0.11 —0.02
+0.23* +0.10
—0.12 —0.07
+0.12 —0.06
-0.17 +0.05
+0.10 +0.05
—0.09 +0.11
—0.04 +0.02
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and the findings of functional imaging studies is that
possibly neither “frontal lobe tasks” nor frontal lobe size
may be sensitive to subtle abnormalities of the frontal
lobes that can be detected in blood flow studies. That is,
the WCST, Stroop Test, and CPT tap a diversity of cog-
nitive functions, only some of which may be localized
to the frontal lobes. Additionally, the frontal lobes are a
large and functionally heterogeneous cerebral region
whose overall size may have little to do with function-
ality and blood flow within specific subregions.

There are a number of reasons for being cautious in
drawing inferences concerning brain localization from
correlations observed between symptom dimensions
and cognitive function. Although cognitive tasks may
serve a localizing function in patients with structural
brain damage, it is not clear that they can play a similar
role in schizophrenic patients.*® Inferring the location of
a brain lesion from a cognitive task requires finding a
specific impairment amidst a group of measures show-
ing relatively normal performance. As can be seen in
Table 3, groups of schizophrenic patients perform
poorly on almost all cognitive tasks, and the question of
whether more specific deficits exist remains controver-
sial. This fact severely limits the possibility of using cog-
nitive tasks as neuropsychological indices of localized
brain abnormality in schizophrenia.

An additional reason for caution in attempting to lo-
calize abnormalities lies in the nature of the distributed
neural networks that are likely to underlie both symp-
toms and cognitive function. The symptoms of schizo-
phrenia presumably result from dysfunction in one or
more components of a functional circuit that includes
both cortical and subcortical regions. Finding a signifi-
cant correlation between a symptom dimension and a
cognitive task is evidence that there is overlap between
the network underlying the symptoms and the distrib-
uted network mediating the task. But localizing the dys-
functional component will require subtle neuroanatom-
ical techniques. Utilizing such a technique, our group
has recently found evidence of abnormalities in the thal-
amus in schizophrenic patients.”” The thalamus is a rela-
tively small subcortical structure with heterogeneous
functions that is massively interconnected with all other
parts of the brain. Various nuclei of the thalamus are
undoubtedly components in the functional circuits that
mediate cognition, behavior, and emotion.

We have recently proposed” ! that schizophrenia is
characterized by “cognitive dysmetria,” defined as a dis-
ruption of the fluid, coordinated sequences of thought
and action that are the hallmark of normal cognition.*®
The basis of the “poor coordination” may be a defect in
the timing or sequencing component of mental activity.
This defect cuts across most of the traditionally defined
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cognitive systems (e.g., memory, attention) and affects the
efficiency and accuracy of their related subprocesses (e.g.,
memory retrieval, inhibition). Failure of a basic mecha-
nism that synchronizes activity in cognitive subprocesses
could lead a schizophrenic individual to incorrectly con-
nect perceptions and associations and to misinterpret
both external and internal processes, leading in turn to
delusions or hallucinations. Defects in coordinating lan-
guage processing could lead to “thought disorder.” In
addition, the flow of information through the system
could become paralyzed, leading to “negative symp-
toms” such as alogia or affective blunting.

The present study was not designed to explore the
dysmetria concept, but rather to assess the unique as-
sociation of each symptom dimension with cognitive
dysfunction. To this end, we used partial correlational
techniques, which allowed the correlation of each di-
mension with cognitive performance to be examined in-
dependently of the other two dimensions. This analysis
strategy removes any association between cognitive per-
formance and symptoms that may be shared by all three
dimensions. The fact that this shared variability was re-
moved is the most likely explanation for the relatively
low correlations that we found between symptom di-
mensions and cognitive function.

Assessment Strategy for Symptoms and Cognitive
Function
The present study has both strengths and weaknesses. The
large number of schizophrenic patients in the study is a
strength, permitting the use of a partial correlational ap-
proach that would not otherwise be valid. Using this ap-
proach allowed assessment of the unique variance in cog-
nitive task performance that is explained by each
symptom dimension. As noted, however, this strategy re-
moves variance shared by the three symptom dimensions.
Another strength of the study is the accuracy of the
clinical assessment, which was performed by research
personnel who were well trained on the assessment in-
struments. The clinical ratings were obtained over an
extended period of time, giving the raters a large sample
of the patients” behavior. Additionally, the clinical rat-
ings were obtained on patients who went through a
3-week medication washout, ensuring that symptoms
were not masked or confounded by medication. Re-
search personnel who have extensive experience work-
ing with patients with schizophrenia also administered
the neuropsychological battery. Patient availability on
the MHCRC inpatient unit for an extended period of
time allowed testing to take place at times when the
patient was cooperative. Testing was stopped when the
patient became fatigued or uncooperative. These factors
improve the accuracy of the cognitive assessment.
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The strategy of rating symptoms when they are at their
worst, during a period of hospitalization that includes a
drug wash, but assessing cognitive function when the pa-
tient is at his or her best during the hospitalization, is
undeniably more valid for some symptom dimensions
and cognitive tasks than for others. It is based on the
assumption that both cognitive dysfunction and clinical
symptomatology reflect abnormal neurophysiological
processes that are relatively long-standing. It can there-
fore assess only trait-like relationships between symp-
toms and cognitive function. The strategy also undoubt-
edly results in conservative estimates of the relationship
between symptoms and cognitive function. Cognitive
tasks whose scores are sensitive to subtle changes in cog-
nitive state are less appropriate for this analysis strategy
than are tasks that assess more stable cognitive traits. Our
failure to find significant correlations of symptoms with
putative measures of frontal lobe function (WCST, CPT,
and Stroop interference) may have occurred because
these measures tap abilities that fluctuate rapidly, being
impaired when the patient is ill but recovering when
symptoms subside. The strategy used here may also be
more valid for negative symptoms, which tend to fluc-
tuate less over time than do psychotic or disorganized
symptoms.

The cross-sectional correlational design strategy used
in the present study renders it impossible to make causal
inferences about the relationship between cognitive dys-
function and symptoms. Additionally, patients were
studied at various phases of their illness, and the rela-
tionship of symptoms and cognitive performance may
be variable over time. These points reflect complex is-
sues that cannot be dealt with in a single study. We have
an ongoing longitudinal study that will permit more ex-
plicit conclusions about possible changes over time in
the relationship between symptoms and cognitive per-
formance. We have published some initial analyses of
the data from this ongoing study, which demonstrates
that cognitive function in schizophrenic individuals is
relatively stable over time.*”° We have also addressed
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the issue of cognitive function in first-episode patients
and are assessing the effects of chronicity on cognitive
function.”!

CONCLUSIONS

Using partial correlational analyses to assess the unique
variance in neuropsychological test performance that
is associated with clinical symptoms in schizophrenic
patients, we found evidence that supports a three-
dimensional model of symptomatology. Psychotic symp-
toms did not correlate with cognitive impairment, which
indicates that individual variability in severity of hallu-
cinations and delusions is not related to variability in cog-
nitive task performance. A negative symptom composite
was associated with poor performance on tests of verbal
learning and memory, visual memory, and verbal fluency,
and on visual-motor tasks, but not on tasks thought to
assess frontal lobe function. This global pattern of im-
pairment was not due to motor slowness, and the pattern
suggests that generalized brain dysfunction is a core fea-
ture of a primary negative symptom dimension. The cor-
relation of negative symptoms with poor premorbid ad-
justment during adolescence suggests the possibility that
negative symptoms are associated with an abnormal de-
velopmental process that affects the final stage of brain
maturation and predates the onset of overt symptoms.

In contrast to previous studies, we found in this study
that negative symptoms had a stronger relationship to
cognitive dysfunction than did disorganized symptoms.
Disorganized symptoms were associated with poor per-
formance on verbal intelligence and reasoning tasks,
suggesting that more specific brain impairment is as-
sociated with this symptom dimension. It may be that
the large number of subjects in the present study, along
with the use of partial correlational analysis, allowed us
to see relationships that were masked by shared vari-
ance between negative and disorganized symptoms in
previous studies.
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