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Neuropsychologic Deficits in Schizophrenia
Relation to Social Function and Effect of Antipsychotic

Drug Treatment
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Cognitive impairment is present in the majority of
schizophrenic patients, even at the onset of psychosis. It is a
relatively stable characteristic in most patients, usually
with little progression over the course of illness, but
sometimes progresses to severe dementia. The results of
studies of the effects of typical neuroleptic drugs on
cognitive functioning in schizophrenia are conflicting.
Clozapine, which has superior antipsychotic effects
compared to typical neuroleptic drugs, has been reported to

improve executive function, verbal fluency, attention, and
recall memory in two of three studies. Cognitive measures
predict work function and overall outcome on clozapine as
assessed by the Global Assessment Scale and Quality-
of-Life Scale in neuroleptic—resistant schizophrenia.
Improvement in cognitive function by clozapine may be a
major reason for expanding its currently limited utilization.
[Neuropsychopharmacology 14:275-33S, 1996]
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Cognitive impairment in patients with schizophrenia
appears to be diffuse and extensive (Braff et al. 1991).
Although attentional deficits have been considered to
be the primary cognitive deficit in schizophrenia by some
(Seidman 1983; Neuchterlein and Dawson 1984; Olt-
manns 1978), there is evidence that even after correction
for problems in attention, there are persistent deficits in
executive function, learning and memory, verbal intelli-
gence, and language function skills (Kenny and Meltzer
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1991). Neuropsychologic tests, which have been vali-
dated in patients with a variety of known brain lesions,
are the best means of assessing cognitive dysfunction in
schizophrenia. Such tests enable some degree of local-
ization of dysfunction to specific brain areas, but multi-
ple brain areas are often involved in generating correct
responses. With selected groups of these tests, evidence
of diffuse dysfunction, including the frontal lobes, the
temporal lobe, and hippocampus, has been reported in
patients with schizophrenia by a number of investiga-
tors (Bilder et al. 1985; Braff et al. 1991; Goldberg et al.
1993b; Kenny and Meltzer 1991; Hagger et al. 1993;
Saykin et al. 1991; Heaton et al. 1994). Depending on the
tests used, cut-off scores for normal performance, and
the comparison group, 40% to 90% of schizophrenic pa-
tients may be impaired cognitively (Saykin et al. 1991;
Heaton et al. 1994; Meltzer et al. unpublished observa-
tions). Studies of first-episode schizophrenic patients
suggest that cognitive dysfunction is present at the on-
set of psychosis (Hoff et al. 1991, 1992a,b; Sweeney at al.
1991, 1992; Bilder et al. 1991, 1992; Saykin et al. 1994).
Follow-up studies suggest that the deficit in neuropsy-
chologic function is not particularly progressive in the
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large majority of patients (Heaton et al. 1994; Goldberg
et al. 1988). However, we will present some evidence to
the contrary.

We have examined cognitive impairment in 64 chronic
treatment-resistant schizophrenic patients (age: 36.2 *
9.7 years, duration of illness: 15.7 = 7.7 years) and in 35
recent onset treatment-responsive schizophrenic pa-
tients (age: 25.6 = 5.7 years, duration of illness: 2.0 + 2.3
years). The Digit Symbol Substitution test (a test of at-
tention) and the Wechsler Intelligence Scale for Children-
Revised (WISC-R) Maze (a test of executive function)
were significantly more impaired in treatment-respon-
sive schizophrenia. However, no differences were found
in six other cognitive tests: the Consonant Trigram (a
test of primary memory) and Controlled Word Associa-
tion tests (tests of verbal fluency), Verbal List Learning
(VLL)-Immediate and Delayed Recall (tests of recall
memory), and Wisconsin Card Sorting test (WCST), an-
other test of executive function. Thus, there is some evi-
dence from these data for a relationship between poor
performance on selected cognitive tests, age, duration
of illness, and neuroleptic-response, but, because of in-
tercorrelations, it is not clear which of these factors is
primary. In a subsequent analysis in which cognitive
test scores were adjusted for age and 1Q), there were no
significant differences between neuroleptic-resistant and
-responsive schizophrenic patients (Meltzer et al. un-
published data). These studies were obtained at the
time of initial evaluation, mainly in antipsychotic drug-
free patients. In addition, in treatment-resistant schizo-
phrenia, we found significant negative correlations be-
tween duration of illness and performance on the
tollowing tests: WCST-Category and the WISC-R Maze
and Consonant Trigram test. A positive correlation was
found with SCST Percent Perseveration and duration of
illness indicative of worse performance as the illness
progresses. These results suggest there may be progres-
sive deterioration in some cognitive areas during the
course of the illness.

EFFECT OF TYPICAL NEUROLEPTICS

The effects of neuroleptic drugs on cognitive perfor-
mance have been reviewed (Cassens et al. 1990; King
1990; Bilder et al. 1992). As summarized by King (1990),
sedative phenothiazines may depress psychomotor
function and sustained attention. Performance on se-
lected memory tests as well as a maze test, which is be-
lieved to provide a measure of frontal lobe function,
have been reported to be impaired by neuroleptic treat-
ment (Medalia et al. 1988; Porteus 1957; Porteus and
Barclay 1957; Judson and McCasland 1960; Spohn and
Strauss 1989; Cassens et al. 1990). Other studies of
schizophrenic patients also report no improvement
(Berman et al. 1986) or worsening of cognitive function
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with neuroleptic treatment (Erickson 1984; Cleghorn
1990). As will be discussed later, we have found only a
modest effect of typical neuroleptic drugs on cognitive
function at a 12-month follow-up. However, King (1990)
concluded that cognitive function and attention may
improve with neuroleptic treatment if there is remission
of psychotic symptoms. In addition, Nestor et al. (1991)
reported that neuroleptic withdrawal may impair atten-
tional processes. At 12-month follow-up, typical neuro-
leptic drugs have been reported to improve attention,
verbal memory, executive function, and motor perfor-
mance in 39 schizophrenic patients (Sweeney et al.
1991). Bilder et al. (1991) also found overall improve-
ment in most neuropsychologic functions during a
1-year period in 28 first-episode schizophrenic patients;
relatively consistent and significant improvement was
found on tests of motor function, learning, and mem-
ory, but not attention. Thus, some studies report wors-
ening, improvement, or no change in cognitive function
in schizophrenia with typical neuroleptic treatment.
These discrepancies may be due, in part, to differences
in patient populations, specific tests used, and response
of psychopathology to neuroleptic drugs.

EFFECT OF CLOZAPINE

Clozapine! is the most effective treatment for psychopa-
thology in neuroleptic-resistant schizophrenia (Kane et
al. 1988; Melizer et al. 1992a) and may also be more ef-
fective in this regard in neuroleptic-responsive schizo-
phrenic patients (Meltzer 1992b). Clozapine also has a
variety of differences in mechanism of action compared
to typical neuroleptics (Meltzer 1991; Meltzer et al. in
press). It is, therefore, possible that its effects on cogni-
tive function might differ from typical neuroleptic drugs.
However, Goldberg et al. (1993a) reported no beneficial
effect of clozapine on cognitive function in 15 neurolep-
tic-resistant, mainly schizophrenic patients. Baseline as-
sessments were obtained while patients were receiving
neuroleptic-treatment. After a follow-up of 3 to 24 months
(mean = 15 months), no change in any of the tests (e.g.,
WCST, Digit Symbol, Wechsler Memory Scale, and
Trials B) was found, despite considerably clinical im-
provement. These results are in contrast with those of
our group (Hagger et al. 1993). In a study of 36 neuro-
leptic-resistant schizophrenic (N = 32) and schizoaffec-
tive (N = 4) patients, we found significant improve-
ment in the Controlled Word Association Test, Category
Instance Generation, the Digit Symbol Substitution,
VLL-Immediate Recall and WISC-R Maze at 6 weeks, 6
months, or both. Improvement was most marked in
neuroleptic responders. Scores on the WISC-R Maze
and Controlled Word Association tests were within the

1Clozapine is available under the trade names Clozaril and
Leponex.
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normal range after 6 months. Similar results were found
after 12 months of treatment (Meltzer et al. unpub-
lished).

We have reported preliminary results of a study of
the effect of clozapine versus typical neuroleptic drugs
in recent-onset neuroleptic-responsive patients (Lee et
al. 1994). In this study, 47 patients who were randomly
assigned to typical neuroleptic drugs or clozapine were
examined. In the clozapine-treated group (N = 24), sig-
nificant improvement was found in the Digit Symbol,
the Category Instance Generation, Controlled Word
Association, and the WCST Percent Perseveration after
6 weeks, 6 months, or 12 months of treatment. Im-
provement in the WCST Card Sorting Category and
Delayed Recall tests was observed at 12 months in the
neuroleptic-treated patients (N = 23). In addition, the
clozapine-treated group was significantly more im-
proved compared to the typical neuroleptic-treated
groups in the Digit Symbol and Controlled Word Asso-
ciation tests at 6 weeks, 6 months, and 12 months. This
is an ongoing study that will be reported in full subse-
quently.

Recently, Buchanan et al. (1994) reported the results
of a study comparing clozapine or haloperidol plus
benztropine in a 10-week parallel groups double-blind
comparison in 19 neuroleptic-resistant patients. A com-
prehensive assessment of Executive/Attention, Visuo-
spatial Function and Memory was obtained at baseline,
while the patients were on fluphenazine, at the end of
10 weeks of the double-blind study, and at the end of 1
year of open clozapine treatment (N = 33). At the end of
10 weeks, performance on the Category Fluency and
WAIS-R Block Design was significantly better in the
clozapine-treated patients. This was due, in part, to a
worsening of performance of the haloperidol-treated
group on these two measures. After 1 year of clozapine
treatment, significant improvement was found in Ver-
bal Fluency, Mooney Faces Closure, and WAIS-R Block
design. There were trends for improvement in Stroop
Color Word Interference Test, Category Fluency, and
Logical Memory of the Wechsler Memory Scale. The Tri-
als B score was worse. There was evidence for greater
improvement in four of the six neuropsychologic mea-
sures that exhibited improvement at 1 year between
that time and the 10-week assessment. The authors con-
cluded that their results for verbal and category fluency
were consistent with the data of Hagger et al. (1993).

H. S. Lee (personal communication, 7/94) also found
that at the end of 12 weeks of treatment with clozapine,
significant improvement was observed in a test of atten-
tion (Digit Span) and visual perception (Judgement of
Line Orientation) in 21 chronic schizophrenic patients.
Further study of the effect of clozapine on cognition is
needed to resolve the discrepancies between the two
positive studies and the negative study of Goldberg et
al. (1993).
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NEUROPSYCHOLOGIC IMPAIRMENT, SOCIAL
FUNCTION, AND OVERALL OUTCOME

It is well known that the outcome of schizophrenia in
terms of quality of life, work function, and social func-
tion is usually poor. The extent to which this is due to
cognitive impairment rather than psychopathology has
been little studied.

Several studies have indicated a relationship be-
tween cognitive impairment and outcome, as measured
globally, or work function in schizophrenia. Breier et al
(1991) conducted a follow-up study (range 2 to 12 years,
mean 6 * 3 years) of 58 chronic schizophrenic patients.
Only 20% of the patients had a good outcome. The
WCST-Percent Perseveration measure at follow-up
(available in 32 patients) was significantly negatively
correlated with social function as measured by the
Level of Functioning scale (Hawk et al. 1975) and global
outcome as measured by the Global Assessment Scale
(GAS; Spitzer et al. 1979). It was also inversely corre-
lated with negative symptoms but not positive symp-
toms. Similar results were obtained with the Trials A,
Trials B, and Controlled Word Association tests, which
the authors considered measures of frontal lobe func-
tioning. Meuser et al. (1991) have suggested that mem-
ory function was directly related to the ability to ac-
quire social skills in a group of schizophrenic patients.

Bellack (1992) has discussed the role of cognitive im-
pairment in social disability, suggesting that social func-
tion requires such cognitive skills as face and affect rec-
ognition, recall of past interactions, executive functions,
and language skills. Bellack et al. (1990) hypothesized
that social problem solving requires higher level rea-
soning, episodic and semantic memory, sustained atten-
tion, and high processing capacity and has proposed
that cognitive skills could be the basis for a cognitive re-
habilitation program after identifying which ones were
relevant to specific behaviors.

Jaeger et al. (1992) have reviewed studies which indi-
cate that neuropsychologic deficits correlate better with
social and occupational functioning than diagnosis or
symptomatology. They suggest that cognitive deficits
may contribute to impaired social and occupational
function and prevent acquisition of social skills. Previ-
ous studies have shown that capacity to work may be
predicted by neuropsychologic tests (Heaton et al. 1978;
Newnan et al. 1988; Weaver and Brooks 1963). This
group also reported that “functionally disabled” affec-
tive disorder patients (unipolar or bipolar) who were
unable to engage in work, education, or social activity
had comparable neuropsychologic deficits in memory,
attention, executive function, and motor performance to
functionally disabled schizophrenics (Tigner et al. 1994).
This suggests that cognitive deficits are not disease spe-
cific but do convey impaired social and work function.
It is noteworthy that performance on the WCST was re-
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ported to be as abnormal in manic patients in a near re-
covered state as that of a group of stable chronic schizo-
phrenic patients (Morice 1990).

Evidence supporting the greater importance of cog-
nitive deficits than psychopathology to global and work
function has emerged from studies of monozygotic
twins discordant for schizophrenia. Goldberg et al.
(1990) reported cognitive measures had low correla-
tions with symptoms in the affected twins, whereas
there were strong correlations between cognitive per-
formance on tests such as IQ, continuous performance,
WCST, and memory and general level of functioning on
the GAS. They subsequently reported (Goldberg et al.,
1993b) that intrapair differences in memory for stories,
paired associates, verbal fluency, and Tower of Hanoi
were related to GAS scores. Significant correlations of
cognitive measures with positive and negative symp-
toms were fewer.

We have also examined the relationship between
GAS scores and the four domains of cognitive function
previously described (Kenny and Meltzer 1991): execu-
tive function, attention, recall memory, and verbal flu-
ency in 174 schizophrenic patients, prior to treatment.
The patients consisted of 76 treatment-resistant pa-
tients, and 98 nontreatment-resistant patients. Most
were neuroleptic-free at the time of testing but were
able to cooperate. The results will be presented in detail
elsewhere. Briefly, the following tests were significantly
correlated with GAS scores, listed in rank order of the
strength of the relationship: the WCST-Category and
Percent Perseveration, Digit Symbol Substitution Test,
WISC-R Maze, VLL-Immediate Recall, Controlled Word
Association, and Category Instance Generation. The
VLL-Delayed Recall and Consonant Trigram test were
not significantly correlated with the GAS scores. The
Spearman p ranged from 0.16 to 0.27. Similarly, the
Quality-of-Life Scale (QLS; Heinrichs et al. 1984) scores
were correlated with most of the same tests (exceptions:
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WISC-R Maze and VLL-Immediate Recall). However,
the QLS score was correlated with the Consonant Tri-
gram test. These correlations were more robust than
those with the GAS (p = 0.21 to 0.36). The neuropsy-
chology test scores correlated with negative symptoms
rather than positive symptoms, in agreement with the
results of Breier et al. (1991). Those correlations were
stronger for the neuroleptic-resistant group than the
neuroleptic-responsive group.

After 6 months of treatment of 48 neuroleptic-resis-
tant patients with clozapine, the neuropsychologic bat-
tery, BPRS, GAS, and QLS were repeated. These data
are given in Table 1.

The neuropsychologic test scores after 6 months on
clozapine were correlated with GAS and QLS scores
at 6 months (2), particularly WCST-Category and Per-
cent Perseveration, VLL-Immediate Recall correlated
with GAS regardless of severity symptoms; the Digit
Symbol Substitution test and VLL-Delayed Recall corre-
lated with QLS score, but much less so with psychopa-
thology.

We also examined the relationship between work
function and cognitive function at baseline in a group of
82 schizophrenic patients. Of this group, 15 were em-
ployed full-time or in school, 13 were employed part-
time, and 54 were unemployed. The WCST-Category
score was significantly higher in those employed full-
time (4.6 = SD 2.4) compared to the unemployed (2.8 =
SD 2.3) and part-time employed (2.0 = SD 2.0). The fol-
lowing test scores were significantly better in those em-
ployed full-time at 12 months compared to the unem-
ployed: WISC-R Maze, Controlled Word Association,
Category Instance Generation, Digit Symbol Substitu-
tion Test, VLL-Immediate and Delayed Recall; however,
the part-time employed did not differ from either of the
other two groups. A similar pattern was obtained for 12
month neuropsychologic test scores that were available
for 76 patients. Again, the WCST Category score best

Table 1. Correlations between Neuropsychologic Test Scores and Response Measures at 6 Months

BPRS
Test Total Positive Negative GAS QLS
WCST Category —_ — — 0.35¢ —
WCST-Percent Perseveration — —-0.33b — —0.554 —
WISC-R Maze —0.29¢ —-0.32¢ — 0.49¢ 0.35%
Controlled Word Association — — — — —
Category Instance Generation — — —0.36f — —
Digit Symbol Substitution — — — — 0.27¢
VLL-Immediate Recall — — — 0.33% 0.33b
VLL-Delayed Recall — —0.274 — 0.25¢ 0.39%

Abbreviations: WCST, Wisconsin Card Sorting Test; WISC-R, Wechsler Intelligent Scale for Children-Revised; VLL, Verbal List Learning.

tp < .10.
bp < 05.
¢p <.001.
4y <.0001.
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discriminated the full-time employed from the other
two groups.

In order to provide a global measure of impairment,
the Mahalanobis D-Squared (MDS) (Mahalanobis and
Seber, 1984) method was used. This procedure converts
the individual test score into a single value that ex-
presses the difference between the individual from the
normal control, mean of the variances and covariances
between the normal subjects, and determines the scale
of the difference. It may also be regarded as a signed
difference and is somewhat related to an average
Z-score.

Using this measure, we found that the improvement
in GAS score between baseline and 6 months, in 84
schizophrenic patients (including both neuroleptic-re-
sponsive and neuroleptic-resistant patients) after con-
trolling for baseline BPRS Total score, was inversely re-
lated to impairment on the neuropsychologic test score
as expressed by the MDS method (p < .05). A similar
finding was obtained for improvement in QLS at 6
months (p = .02) in 63 patients. These data were ob-
tained in patients treated either with clozapine or typi-
cal neuroleptic drugs. These results will be presented in
detail elsewhere.

Thus, cognitive function appears to be an important
predictor of work function, especially the WCST Cate-
gory measure. Unlike Breier et al. (1991), the WCST-Per-
cent Perseveration measure did not predict work func-
tion. It also did not correlate with GAS or QLS scores at
12 months in this group of patients or in nontreatment-
resistant patients. The WCST has been suggested to
provide a standardized measure of the ability to iden-
tify abstract categories and shift cognitive set (Berg
1948; Grant and Berg 1948). It was thought to provide a
measure of frontal lobe damage (Grant and Berg 1948).
On the basis of blood flow studies during the perfor-
mance of this test, as well as attempts to teach correct
performance to schizophrenic patients, Weinberger and
colleagues (Weinberger et al. 1986; Berman et al. 1986;
Goldberg et al. 1987) concluded that the impaired per-
formance in schizophrenics was due to an abnormality
in the dorsolateral prefrontal cortex. However, there is
other evidence that deficits elsewhere than the frontal
lobe are associated with poor performance on this test
(Anderson et al. 1991). No specific region of the frontal
lobe has been implicated, and some subjects with exten-
sive frontal lobe damage perform well on the WCST.

We have found no effect of clozapine on performance
on the WCST-Category or Percent Perseveration in
treatment-resistant patients (Hagger et al. 1993; Lee et
al. 1994). Similar results have been noted by Goldberg et
al. (1992). However, the Percent WCST-Perseveration
score improved with clozapine treatment in neuroleptic
responders (Lee et al. 1994). We have found that cloza-
pine improved performance on the WISC-R Maze, Con-
trolled Word Association Tests, and so forth, tests that
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were significantly better in those patients with schizo-
phrenia who were employed full-time compared to
those not so employed. Because cognitive performance
appears to be relevant to work performance, the ability
of clozapine to bring about improvement in this do-
main may be of great value clinically. Goldberg et al.
(1987) were unable to teach schizophrenic patients how
to improve their performance on the WCST test, but
three other studies have reported considerable im-
provement in performance (Goldman et al. 1992; Green
et al. 1992; Stratta et al. 1994). It will be of interest to see
if such learning can be facilitated by clozapine.

CONCLUSIONS

Cognitive deficits appear to be enduring characteristics
of most schizophrenic patients. Although not specific
for schizophrenia, they appear to develop early in the
illness, perhaps even prior to the first psychotic mani-
festation. They persist during periods of remission. So-
cial and work function and overall outcome may be bet-
ter predicted by persistent cognitive deficits than by
residual psychopathology. THE WCST test appears to
be particularly useful as a predictor of capacity to work.
Clozapine appears to be more effective than typical
neuroleptics to improve some types of cognition, espe-
cially verbal fluency as measured by the Controlled
Word Association test.
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