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Objective: Neuropsychological impairments are well documented in schizophrenia and
are important targets of treatment. Information about the severity and pattern of deficits af-
ter treatment for the first psychotic episode and about relationships between these deficits
and syndromal characteristics remains limited. Method: Comprehensive neuropsycholog-
ical assessments including 41 individual tests were given to 94 patients with first-episode
schizophrenia after initial stabilization of psychosis and to a comparison group of 36
healthy volunteers. Profiles of neuropsychological deficits and the relationship of deficits
to sex and handedness were examined. Correlations of neuropsychological deficit with a
broad range of historical and clinical characteristics, including outcome, were explored.
Results: Patients had a large generalized neuropsychological deficit (1.5 standard devia-
tions compared to healthy volunteers). Patients also had, superimposed on the generalized
deficit, subtle relative deficits (less than 0.5 standard deviation compared to their own av-
erage profile) in memory and executive functions. Learning/memory dysfunction best dis-
tinguished patients from healthy individuals; after accounting for this difference, only motor
deficits further distinguished the groups. Patients with higher neuropsychological ability
had only memory deficits, and patients with lower ability had both memory and executive
deficits. No sex differences were observed beyond the normal advantage for men in motor
speed. Dextral patients had less severe generalized deficit. Severity of residual symptoms
was associated with greater generalized deficit. Executive and attentional deficits were
most linked to global functional impairment and poor outcome. Conclusions: The results
document a large generalized deficit, and more subtle differential deficits, in clinically sta-
bilized first-episode patients. Learning/memory deficits were observed even in patients
with less severe generalized deficit, but the pattern was unlike the amnestic syndrome and
probably reflects different mechanisms. Executive and attentional deficits marked the more
severely disabled patients, and may portend relatively poor outcome. Failure to develop
typical patterns of cerebral dominance may increase the risk for greater generalized deficit.

(Am J Psychiatry 2000; 157:549-559)

Neuropsychological deficits are recognized as an
important pathologic dimension in schizophrenia.
These deficits are often severe and pervasive, but esti-
mates of severity have varied, knowledge about when
deficits first appear is incomplete, and the interpreta-
tion of deficit patterns remains controversial. Some re-

searchers have emphasized the generalized deficit and
highlighted the psychometric hurdles that must be
overcome to identify differential deficits (1-4). Others
have emphasized relative deficits on tasks that are pu-
tatively sensitive to dysfunction of specific brain sys-
tems, including 1) the frontal lobes (5), 2) the temporal
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and/or mesiotemporal regions (6, 7), and 3) integrated
frontotemporal or frontolimbic systems (8-13). Al-
though attempts to localize brain dysfunction in
schizophrenia on the basis of neuropsychological tests
have had multiple problems (14), specific deficit pat-
terns may nevertheless pose significant constraints on
models of pathophysiology.

Furthermore, substantial interest is currently focused
on the capacity of novel treatments to ameliorate neu-
ropsychological deficits. Given suggestions that neu-
ropsychological deficits are linked to disability (15),
treatments that are beneficial for cognition may also
attenuate other functional limitations. It is therefore
crucial to have solid information about the severity
and patterns of deficits in schizophrenia and their rela-
tions to clinical state, treatments, and social-vocational
outcome.

Most studies examining neuropsychological deficits
in schizophrenia have involved chronic patients, and
the findings may reflect the long-term illness or treat-
ment experienced by these patients. These study
groups may also be biased toward poorer treatment re-
sponse and outcome. Some results from groups of first-
episode patients have been reported (4, 7, 16-20).
These studies have shown that deficits are present at
illness onset, but their conclusions have been limited
by a variety of factors, such as small size of the study
group, lack of standardized treatments, patients’ lack
of clinical stability at the time of assessment, or lack of
longitudinal clinical follow-up.

This report provides comprehensive neuropsycho-
logical characterization of patients after the first epi-
sode of illness, when most patients satisfied criteria for
clinical stabilization after standardized treatment with
conventional antipsychotics. The strategy of assessing
first- eplsode patients after clinical stabilization aimed
to maximize measurement of stable trait-like neuro-
psychological characteristics and to minimize transient
effects associated with acute psychosis and its treat-
ment. The results of a longitudinal neuropsychological
follow-up over 5 years and of neuropsychological tests
administered before treatment, as well as descriptions
of correlations with anatomic measures from magnetic
resonance imaging, are being reported separately. We
previously reported preliminary neuropsychological
findings in a subgroup of the patients described here
(8, 16, 21, 22) and recently published papers about
treatment response and outcome in the overall group
of 118 patients from which the patients described here
were selected (23, 24). The study reported here exam-
ined 1) the magnitude of neuropsychological deficit in
patients with schizophrenia after clinical stabilization
of the first episode of psychosis, 2) the pattern of neu-
ropsychological deficits in this group, and 3) the na-
ture of any neuropsychological differences between
groups defined by sex or handedness. We further ex-
amined relations of neuropsychological deficits with a
broad range of historical, symptomatic, treatment re-
sponse, and outcome characteristics to provide de-
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scriptive information about the possible selectivity and
magnitude of these associations.

METHOD

Subjects

Subjects were participants in the Prospective Study of Psychobi-
ology in First-Episode Schizophrenia at Hillside Hospital in Glen
Oaks, N.Y. (23-26). Patients who were admitted to the hospital in-
patient service for a first episode of psychotic illness and who had
received less than 12 prior weeks of cumulative lifetime neuroleptic
treatment were recruited for the study. Patients satisfied Research
Diagnostic Criteria (RDC) (27, 28) for schizophrenia or schizoaf-
fective disorder, on the basis of structured interviews with the
Schedule for Affective Disorders and Schizophrenia (SADS) (29)
and reviews of patients’ histories. Patients with a current or past
serious neurologic or endocrine disorder were excluded. After a
complete description of the study was provided to the subjects, we
obtained their written informed consent. Further details of ascer-
tainment and treatment have been published elsewhere (23-26).
The healthy comparison group was recruited through announce-
ments in local newspapers and within the medical center. These sub-
jects were selected to be similar to the patients on distributions of
sex and age. They were free of RDC mental disorders, as deter-
mined by using the SADS Lifetime Version interview, physical
examination, and urinalysis (25). None of the subjects had a current
substance use disorder or a history of substance dependence,
chronic neurologic or medical illness, or drug treatment known to
affect the brain.

Procedure

Neuropsychological tests were planned for 6 months after study
entry if the patient had already achieved remission or a stable level
of residual symptoms. We selected 6 months because pilot data
showed asymptotic levels of symptom remission at that point. Pa-
tients who did not satisfy the criteria for symptom remission or sta-
ble residual symptoms at 6 months were tested as soon as possible
after they satisfied the criteria. Remission was defined as 1) a rating
not greater than 3 on the positive psychotic symptoms items of the
SADS Change Version (SADS-C) psychosis and disorganization
dimensions, 2) a rating of 3 (mild) or less on the Clinical Global
Impression (CGI) severity items, 3) a rating of 2 (much improved)
or 1 (very much improved) on the CGI improvement items, and
4) maintenance of this level of response for 8 weeks. Stability of
residual symptoms required no changes greater than 1 point on
positive psychotic symptom items of the SADS-C psychosis and
disorganization dimensions or on global ratings on the Scale for the
Assessment of Negative Symptoms (SANS) for two consecutive bi-
weekly rating periods.

Test administration was typically divided into two 3—4 hour ses-
sions within 1 week, and two counterbalanced test sequences were
employed across subjects to minimize possible order effects. The
battery included 41 tests from which variables were selected to
characterize six neuropsychological domains represented by the fol-
lowing scales: language, memory, attentional, executive, motor, and
visuospatial. A global neuropsychological scale that represented the
mean of these six scales was constructed. A scale for measuring pre-
morbid intellectual ability was also constructed, based on the idea
that certain tests of general knowledge, vocabulary, and reading
skill are less vulnerable to deterioration, as our previous reports
have shown (16, 30). Loading of test variables on scales was based
on a priori assessment of content validity, by using methods similar
to those used previously by our group (8, 30-32) and others (3, 6,
7,17). Scores for each scale were computed by averaging z scores on
contributing variables. These z scores were based on performance
of the healthy comparison group, which by definition had mean
scale scores of zero and standard deviations set to one. All scales
were computed so that higher values indicated better performance.
At each stage of scale construction, contributing variables were re-
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TABLE 1. Scores on Neuropsychological Scales, Subscales, and Individual Test Variables Among Patients With First-Episode
Schizophrenia and Healthy Comparison Subjects

Patient Group Comparison Analysis
Scale, Subscale, and Individual Scale Scale (N=94) Group (N=36) Difference
Test Variable Alpha SEM Mean? SD Mean® SD inzScores df 95% ClI
Language 0.86 0.31 -1.16 0.83 0.00 1.00 -1.16 128 -1.50t0-0.82
Verbal fluency -1.13 0.93 -0.00 1.00 -1.11 122 -1.49t0-0.74
Animal Naming 16.4 5.6 25.4 5.7 -1.60 116 -2.00t0o-1.20
Standord-Binet Word Fluency 23.1 10.1 36.7 10.9 -1.24 112 -1.621t0-0.86
Controlled Word Association Test
(“CFL,” “PRW") 34.6 121 424 104 -0.66 121 -1.10t0-0.23
Wechsler Adult Intelligence Scale—Revised
(WAIS-R), similarities 8.4 2.7 11.4 21 -1.15 128 -1.54t0-0.76
Boston Naming Test 46.8 8.8 55.0 3.7 -1.18 112 -1.59t0-0.77
Sentence Repetition 14.0 2.6 16.4 2.4 -1.01 115 -1.441t0-0.59
Token Test 76.0 2.7 77.3 2.0 -1.08 79.3" —1.52t0-0.65
Memory 095 021 -177 0.96 0.00 1.00 -1.77 128 -2.15t0-1.39
Learning -1.66 0.86 0.00 1.00 -1.66 121 -2.02t0-1.31
Verbal learning -1.89 1.22 -0.00 1.00 -1.89 121 -2.35t0-1.44
Wechsler Memory Scale—Revised (WMS-R),
logical memory | 16.8 8.5 29.1 6.6 -1.94 121 —2.44t0-1.44
WMS-R verbal paired associates | 16.8 5.0 215 2.7 -1.28 121 —1.70t0 -0.87
California Verbal Learning Test (CVLT),
total trials 1-5 42.7 12.2 58.9 9.4 -144 115 -1.82t0-1.04
Visual learning -1.54 0.91 0.00 1.00 -1.54 118 -1.92t0-1.16
WMS-R, visual reproduction | 31.0 7.7 37.6 2.6 -1.11 119 -1.52t0-0.70
WMS-R, visual paired associates | 11.3 4.3 16.3 1.7 -1.49 111 -1.96t0-1.04
WMS-R, figural memory 6.3 1.6 7.7 1.6 -0.79 115 -1.14t0-0.39
Delayed recall -1.74 1.02 0.00 1.00 -1.74 128 -2.13t0-1.35
Verbal delayed recall -1.83 1.21 0.00 1.00 -1.83 121 -2.29t0-1.38
WMS-R, logical memory II 11.9 8.2 26.0 8.0 -1.92 121 -2.38t0-1.51
WMS-R, verbal paired associates Il 7.0 1.3 7.9 0.68 -1.26 117.4° —1.63t0-0.89
CVLT, delay free recall 9.0 3.4 12.8 3.0 -1.18 115 -1.581t0-0.78
Visual delayed recall -1.43 1.02 0.00 1.00 -143 128 -1.82t0-1.04
WMS-R, visual reproduction Il 23.1 10.1 33.4 7.2 -1.16 118 -1.57t0-0.75
WMS-R, visual paired associates I 5.0 1.5 5.7 0.71 -0.45 66.3? —0.74t0-0.16
Rey-Osterrieth Complex Figure Test, recall 14.6 7.7 23.1 6.5 -1.22 122 -1.62t0-0.82
Attention 0.82 046 -1.56 1.09 0.00 1.00 -156 128 -1.97to-1.15
WAIS-R
Digit span 9.1 2.9 11.8 2.6 -1.00 128 -1.421t0-0.58
Arithmetic 8.2 3.0 11.6 2.9 -1.16 128 -1.56t0-0.76
Digit symbol 7.6 2.9 10.9 25 -1.31 128 -1.75t0-0.88
Mesulam-Weintraub Cancellation (hits) 230.5 12.0 236.4 3.2 -0.76 115 -1.17t0-0.35
Mesulam-Weintraub Cancellation (time) 4925 155.8 358.8 81.3 -0.95 115 —1.34t0-0.55
Trail Making Test, part A 63.0 268 421 172 -0.98 123  -1.39t0-0.57
Executive 0.84 048 -1.68 1.21 0.00 1.00 -1.68 128 -2.13t0-1.23
Competing Programs 2.96 3.61 0.85 0.95 -0.87 110 -1.27t0-0.48
WAIS-R, picture arrangement 7.3 2.8 111 3.1 -1.23 122 -1.61t0-0.85
Dynamic Praxis 0.70 0.42 0.31 0.28 -1.30 112 -1.81t0-0.79
Bimanual Coordination 0.87 0.60 0.39 0.38 -1.19 96.4° —1.73t0-0.66
Wisconsin Card Sorting Test, perseverative
responses 35.9 31.9 121 114 -1.14 118 -1.61t0-0.67
Trail Making Test, part B 104.7 55.4 59.3 283 -1.36 121 -1.79t0-0.93
Motor® 0.89 035 -1.50 1.05 0.00 1.00 -150 123 -191to-1.10
Right -1.32 1.04 0.00 1.00 -1.32 123 -1.73t0-0.92
Finger Tapping Test 45.3 8.8 55.0 6.8 -1.19 122 -1.60t0-0.79
Grooved Pegboard 92.3 37.1 64.3 10.1 -1.07 122 -1.45t0-0.70
Left -1.54 1.14 .00 1.00 -154 123  -1.98to-1.11
Finger Tapping Test 42.1 8.2 50.0 6.4 -1.05 122 —1.43t0-0.68
Grooved Pegboard 104.7 41.9 68.8 104 -1.43 122 -1.86t0-1.01
Visuospatial 092 034 -1.50 1.21 0.00 1.00 -1.50 128 -1.94to-1.05
WMS-R, visual span 14.1 3.9 18.1 35 -1.13 111 -1.60t0—0.67
WAIS-R, block design 8.1 3.1 11.3 2.2 -1.04 128 -1.44t0-0.65
WAIS-R, object assembly 7.0 3.3 10.9 2.7 -143 128 -1.88t0-0.98

(Continued on page 552)

2 Mean (SD) values for scales and subscales are in standard score (z score) units; values for individual test variables are in the original
metric of each instrument (raw scores), except for subtests of the WAIS-R, which are age-corrected scaled scores, and the WMS-R, which
are index scores.

b Noninteger values for degrees of freedom are based on separate variance estimates.

¢ Data missing for five patients.
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TABLE 1. Scores on Neuropsychological Scales, Subscales, and Individual Test Variables Among Patients With First-Episode

Schizophrenia and Healthy Comparison Subjects (continued)

Patient Group  Comparison Analysis

Scale, Subscale, and Individual Scale Scale (N=94) Group (N=36) Difference
Test Variable Alpha SEM Mean? SD Mean® SD inzScores df 95% ClI
Premorbid functioning 089 0.35 -1.29 1.05 .00 1.00 -1.29 128 -1.69t0-0.89
Wide-Range Achievement Test—Revised
(WRAT-R), reading (raw) 60.8 12.2 71.8 9.6 -0.93 119 -1.32t0-0.54
WAIS-R, information 8.7 3.2 12.0 2.6 -1.12 128 -1.52t0-0.73
WAIS-R, vocabulary 8.9 2.9 12.5 2.7 -1.36 122 -1.77t0-0.95
Global 092 0.25 -1.79 0.88 0.00 1.00 -1.79 128 -2.14t0-1.43
Other widely used indices
WAIS-R
Full-scale IQ 86.3 135 1095 13.6 -1.71 128 -2.09t0-1.32
Verbal IQ 90.6 13.7 1106 125 -1.60 128 -2.01t0-1.18
Performance 1Q 82.7 15.0 108.0 185 -1.36 128 -1.70to-1.03
WMS-R
General memory index 77.2 195 1102 144 -1.90 111 -2.34t0-1.47
Verbal memory index 78.3 18.0 1044 1338 -1.89 121 -2.37t0-1.41
Visual memory index 87.8 18.3 1146 138 -141 111 -1.77t0-1.05
Attention-concentration index 85.4 19.0 1058 165 -1.24 111 -1.72t0-0.76
Mental control 5.0 1.2 5.3 14 -0.21 121 -0.53t00.11
Delayed recall index 77.1 212 1089 17.9 -1.78 111 -2.27t0-1.29
WRAT-R, scaled score 93.0 139 1053 123 -1.00 119 -1.43t0-0.57
Mini-Mental State 27.7 2.1 29.1 0.90 -0.81 120.8® -1.22t0-0.40

2Mean (SD) values for scales and subscales are in standard score (z score) units; values for individual test variables are in the original
metric of each instrument (raw scores), except for subtests of the WAIS-R, which are age-corrected scaled scores, and the WMS-R, which

are index scores.

b Noninteger values for degrees of freedom are based on separate variance estimates.

standardized before means were computed over all nonmissing
data. The values for widely used test variables were not restandard-
ized; the original scores, t tests for the difference between groups,
and the 95% confidence intervals (CIs) for the difference in original
score units, are provided for descriptive purposes.

Additional scaling procedures were applied to improve psycho-
metric properties, and confirmatory factor analysis was used to as-
sess validity of the assignments of variables to scales. First, each test
variable was examined for extreme values, and in several instances
these deviant scores were replaced by scores within the tails of their
underlying distributions (this procedure affected two tests and a to-
tal of seven patients’ scores). Second, we examined each variable for
possible sex differences. Only the Finger Tapping Test showed a sig-
nificant difference, with men having higher scores, and therefore
variables from this test were standardized separately in each sex.
Third, the distributions were examined both within and between
groups, with special attention to problems involving heteroscedas-
ticity, and variance-stabilizing algorithms were applied (in most
cases power transformations) to optimize homogeneity of variance
between groups for each variable (Levene’s test was used as a crite-
rion). Fourth, reliability analyses were conducted for each scale, us-
ing the initial a priori variable assignments, and any test variable
that decreased the internal consistency of the composite (as assessed
by Cronbach’s coefficient alpha) was eliminated. Fifth, the scales
were computed, and at each stage of scale construction, further tests
on homogeneity of variance were conducted and transformations
were applied where indicated, as was done for the individual test
variables. Finally, the validity of variables’ assignments to scales,
which was solely on a rational basis, was examined using confirma-
tory factor analysis (33) This analysis supported the rational group-
ing of neuropsychological variables into the scales described here
(comparative fit index=0.92 [x*=1593, df=29, p<0.001] for the
comparison with the null model; comparative fit index=0.86 [x2=
1494, df=24, p<0.001] for the conparison with the single-factor
model). The final coefficient alpha for each scale, and the standard
error of measurement, are provided for each scale (table 1). Scales
with higher reliability are more sensitive to group differences than
less reliable scales. In this study the standard error of measurement
varied from 0.21 to 0.46 across scales, offering relatively high uni-
formity and precision in the estimate of true scores compared to
other reports in the literature. Although alternate models might
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yield superior results, systematic exploration of these models is be-
yond the scope of this paper. Further details of scale construction,
and the code used to specify all transformations, are available on re-
quest, as are raw data for those desiring to test alternate models for
scale composition.

Hand preference was assessed using a modified 20-item Edin-
burgh Inventory (34). The total number of right- and left-hand items
were scored, and the laterality quotient was computed as (total
right-total left)/(total right+total left). Thus laterality quotients
could range from 1.00 (all items right) to —=1.00 (all items left). Sub-
jects with a laterality quotient greater than 0.70 were classified as
dextral; the rest were classified as nondextral (35).

Data Analysis

The primary tests of group differences used profile analysis by
multivariate analysis of variance (MANOVA), with group as a be-
tween-subjects factor and neuropsychological scale as a within-sub-
ject factor. Multivariate analysis of covariance (MANCOVA) was
used to assess effects of possible moderating variables. Deviations
from flatness in the patient profiles, if suggested by significant effects
of the interactions of group and scale, were assessed by contrasting
the mean for each individual scale with the mean of all other scales
using paired t tests. This procedure allowed us to determine which
scales showed impairment relative to each of the other scales in the
analysis of data from the patient group. We also used the method
recommended by Chapman and Chapman (36), involving standard-
ized residual scores. In contrast to the profile analysis by MANOVA
(which examines the extent to which the average score on Scale X
differs from the mean score on other scales), standardized residual
score analysis considers the statistical interdependence of the scales
(i.e, examines the extent to which a subject’s score on Scale X is de-
viant, given that subject’s scores on the other scales). Prediction
equations were based on data from the comparison group.

RESULTS

The 94 patients completing neuropsychological ex-
ams satisfied RDC for schizophrenia (N=70; subtypes
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TABLE 2. Characteristics of Patients With Schizophrenia and Healthy Comparison Subjects in a Study of Neuropsychological

Impairments After Treatment for First-Episode Psychosis

Patient Group Comparison Group Analysis
Characteristic (N=94) (N=36) Test Statistic df p
N % N %
Male sex 55 58.5 24 66.7 x?=0.73 1 n.s.
Race %2=15.90 4 001
White 42 44.7 28 77.8
African American 34 36.2 2 5.6
Hispanic 10 10.6 2 5.6
Asian 6 6.4 2 5.6
Other 2 2.1 2 5.6
Right-handedness 67 71.3 27 75.0 x2=0.18 1 n.s.
Mean SD Mean SD
Age (years) 25.7 6.3 25.3 6.5 T=0.28 128 n.s.
Parental social class®P 3.1 2.6 2.6 1.1 T=2.23 123 0.03
Education (years) 131 2.3 14.9 15 T=4.55 128 0.001
Laterality quotient? 0.71 0.49 0.73 0.43 T=-0.37 127 n.s.

@ Data on parental social class were missing for one patient and four comparison subjects; data on laterality were missing for one patient.

b Hollingshead-Redlich system, in which 1=highest and 6=lowest (37).

included: paranoid=54, disorganized=4, catatonic=1,
and undifferentiated=11) or schizoaffective disorder
(N=24). Characteristics of the patient group and the
comparison group are provided in table 2. The groups
were well matched on distributions of sex, age, and
hand preference, but they differed in racial/ethnic
group composition, parental social class, and educa-
tion. Possible effects of these differences were exam-
ined in subsequent analyses.

The 94 patients, who completed at least one compre-
hensive neuropsychological examination, were a subset
of the 118 patients described by Robinson et al. (23,
24), reflecting an 80% completion rate. To determine if
the 94 patients were representative of the larger group,
we compared the 94 patients who completed the neu-
ropsychological examinations with the 24 patients who
did not. The two groups were similar in age, education,
racial/ethnic group composition, parental social class,
RDC diagnosis, duration of symptoms before study en-
try, measures of symptoms at baseline, and course/out-
come characteristics (all p values >0.05). Compared to
the patients who completed the neuropsychological ex-
aminations, those who did not were more likely to be
women (75%, N=18, compared to 41%, N=39; x?=
8.6, df=1, p=0.003) and to have been married (42 %,
N=10, compared to 16%, N=15; x2=24.0, df=3, p=
0.00002).

Among the 94 patients, nine patients did not satisfy
stabilization criteria at 6 months when they were ini-
tially scheduled for examination. They were reexam-
ined during the next year, after they had achieved the
criteria. Twelve patients who entered the study before
the neuropsychological protocol was put in place
(April 1988) were examined as soon as possible after
the protocol was established. The modal time from the
beginning of treatment to neuropsychological exami-
nation was 0.47 years (median=0.61 years); 79% (N=
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FIGURE 1. Deficits in Scores for Neuropsychological and
Premorbid Abilities of 94 Patients With First-Episode Schizo-
phrenia®
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@ Relative to scores for healthy comparison subjects; by definition,
the healthy comparison group had a mean score of zero on each
scale. Premorbid ability score based on tests of general knowl-
edge, vocabulary, and reading skill. The straight horizontal line in-
dicates the average deficit for patients across scales (—1.53).

74) of the patients were seen within the first year of
any treatment.

Figure 1 shows the mean neuropsychological profile
for the patients relative to the healthy comparison
group. The patient group was more impaired than the
comparison group on every neuropsychological dimen-
sion measured. Mean effect sizes (in z score units, re-
flecting the number of standard deviations below the
comparison group means) ranged from -1.11 to -1.75;
95% Cls ranged from a minimum deficit of —0.82 to a
maximum deficit of =2.13 (main effect of group: F=
87.2,df=1, 123, p<0.0001, N=125). The overall profile
mean for the patients was —1.53, indicating a general-
ized deficit of approximately 1.5 standard deviations.
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The patient profile deviated significantly from flat-
ness; in other words, the means for some scales re-
flected more impairment than the means for other
scales (group-by-scale interaction: Wilks lambda=
0.91; F=2.39, df=5, 119, p<0.04, N=125). Specifically,
the memory (paired t=3.44, df=88, p=0.001, N=90)
and executive (paired t=—2.36, df=88, p=0.02, N=90)
scales showed significantly more impairment, and the
language scale (paired t=5.64, df=88, p<0.001, N=90)
showed significantly less impairment, compared with
the remaining scales.

Additional analyses examined possible effects of pa-
rental social class (by using MANCOVA), racial/ethnic
group composition (by examining results for white
subjects, the only racial/ethnic group large enough for
analysis), and diagnostic subgroups (by examining re-
sults for patients with RDC schizophrenia only com-
pared to the healthy subjects). None of these analyses
produced findings that differed substantively from
those of the original analyses. No significant differ-
ences in neuropsychological profiles were found be-
tween the patients with schizophrenia and those with
schizoaffective disorder.

Analysis of standardized residual scores revealed a
significant group effect (Wilks lambda=0.77, F=5.84,
df=6, 118, p=0.001, N=125), with patients showing sig-
nificant residual deficits on memory (F=5.70, df=1, 123,
p=0.02, N=125) and motor (F=6.65, df=1, 123, p=0.01,
N=125) scales. Further descriptive statistics and effect
sizes for individual tests are provided in table 1.

Because the generalized deficit of the patients was so
large, we examined differences in neuropsychological
profiles between groups of patients with low and high
levels of general ability (median split on the global
neuropsychological scale). The high-ability group (N=
43) had a mean deficit of —0.83 standard deviations
(95% CI=-0.98 to —0.70), and the low-ability group
(N=46) had a mean deficit of =2.22 standard devia-
tions (95% CI=-2.36 to -2.07), relative to the com-
parison group. MANOVA showed that these groups
differed in profile (Wilks lambda=0.65; F=9.03, df=5,
83, p<0.001). The high-ability group showed relative
deficits (compared to their own profile mean) only on
the memory scale (mean deficit=—1.07, 95% CI=-1.26
to —0.87). The low-ability group showed relative defi-
cits on both the memory scale (mean deficit=-2.48,
95% CI=-2.68 to -2.28) and the executive scale (mean
deficit=—-2.50, 95% CI=-2.75 to -2.25). The low-abil-
ity group also showed a higher mean language scale
score than would be expected based on their profile
mean (mean deficit=—1.60, 95% CI=-1.82 to —-1.38).

Effects of sex were assessed using MANOVA with
diagnostic group (patient group or comparison group)
and sex as between-subject factors and the six neuro-
psychological scales as within-subject factors. The
main effect of sex (F=0.69, df=1, 121, p=0.40, N=
125), and all of the interactions involving sex were
nonsignificant (all F values <1). The main effect of
group and the effect of the interaction of group and
scale were essentially identical to the original analysis.
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In addition, we examined the sex difference on the
scale that measured premorbid functioning. Signifi-
cantly greater impairment was found in the female pa-
tients compared to the male patients (t=2.89, df=92,
p<0.005, N=94); no sex differences were observed in
the comparison group.

Handedness effects could not be assessed using
MANOVA due to a violation in the assumption of
multivariate homogeneity of variance (Box’s M=121;
approximate F=1.61, df=63, 3297, p<0.002). We
therefore examined differences using t tests. No signif-
icant effects of handedness were found in the compar-
ison group. In contrast, the 67 dextral patients per-
formed approximately 0.5 standard deviations higher
on each scale compared to the 27 nondextral patients.
These groups differed in global neuropsychological
scale score by 0.47 scaled score units (mean deficit for
dextral patients=—1.65, SD=0.87; mean deficit for non-
dextral patients=-2.12, SD=0.84; t=2.4, df=92, p=
0.02). Differences were also observed on the scales for
the neuropsychological domains (range of differences
on individual scales=0.35-0.63, range of t values=1.6—
2.6, df=92, range of p values=0.11-0.01). No signifi-
cant differences in the distribution of handedness were
found among male and female patients.

To examine the possibility that a subgroup of pa-
tients with mixed hand preference might be particularly
impaired (38), we inspected scatterplots of neuropsy-
chological scale scores with respect to the laterality
quotient. We then examined the effects of adding a
quadratic term to the linear relation between the later-
ality quotient and the global neuropsychological scale
score within the patient group. The overall regression
analysis was significant (F=6.2, df=2, 90, p<0.003, N=
94), but the significance was mostly due to the linear
term (beta=0.41, T=3.5, p<0.007), supporting the
original analysis. The quadratic term contributed less
(beta=-0.18, T=—1.5, p=0.13), and the sign of this term
was opposite that predicted if patients with mixed
handedness performed more poorly. There were no sig-
nificant correlations of laterality quotient with neuro-
psychological scale scores in the comparison group.

We explored relationships between neuropsycholog-
ical scale scores and demographic, historical, and clin-
ical variables, including: 1) age at time of examination,
2) age at onset of first psychotic symptoms, 3) ratings
on the NIMH modification of the Premorbid Adjust-
ment Scale (39), 4) global ratings of extrapyramidal
symptoms made after 8 and 16 weeks of treatment,
5) global measures of course made by physicians after
patients completed the first year of the study, 6) ratings
on the Social Adjustment Scale made after 2 years in
the study, 7) ratings of the deficit syndrome (40), and
8) medications prescribed at the time of testing. Fur-
ther descriptions and operational criteria are published
elsewhere (16, 23-26, 41, 42). Because the goal of
these analyses was descriptive, and given the large
number of tests conducted, only relations with an ef-
fect size equivalent to r>0.30 were interpreted as sig-
nificant. Use of this threshold protected against type I
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TABLE 3. Correlations Between Clinical Variables and Neuropsychological Scale Scores Among 94 Patients With First-Episode

Schizophrenia

Correlation With Neuropsychological Scale Score (r, two-tailed)

Premorbid
Variable Language Memory Attention Executive Motor Visuospatial Functioning Global
Symptoms at time of neuropsychological
examination
Schedule for Affective Disorders and
Schizophrenia, psychosis and
disorganization dimensions
Delusions -0.12 -0.26 -0.24 -0.27 -0.19 -0.19 -0.12 -0.27
Hallucinations -0.11 -0.15 -0.12 -0.29 -0.17 -0.19 -0.12 -0.22
Thought disorder 0.12 -0.18 -0.15 -0.12 -0.13 -0.06 0.02 -0.08
Bizarre behavior -0.01 -0.11 —-0.08 -0.08 -0.15 -0.08 —-0.02 -0.10
Scale for the Assessment of Negative
Symptoms
Affective flattening -0.21 -0.27 -0.30* -0.39** -0.27 -0.34 -0.16 —0.38**
Alogia -0.16 —0.34**  —0.34** -0.41** -0.23 -0.32* -0.16 —0.37*
Apathy —-0.09 —-0.08 -0.26 —0.30* —0.34* 0.35** 0.00 -0.31*
Anhedonia —-0.05 -0.22 -0.23 -0.28  -0.33* -0.23 —-0.05 —-0.28
Attention impairment -0.19 -0.30 -0.27 -0.30* -0.19 -0.13 -0.18 -0.26
Global functioning and outcome indices
Childhood Premorbid Adjustment Scale -0.24 -0.27 -0.31* -0.22 -0.21 -0.11 -0.23 -0.27
Global Assessment Scale 0.18 0.34*  0.37* 0.53**  0.38** 0.45** 0.11 0.47**
Course (first episode) -0.14 -0.31* -0.25 -0.31* -0.21 -0.28 -0.11 -0.29
Social Adjustment Scale, general
adjustment (year 2) -0.07 -0.23 -0.27 -0.19 -0.22 -0.03 -0.21 -0.21
Treatment measures
Antipsychotic dose at testing? -0.28 -0.36** -0.30* -0.40** -0.27 -0.27 -0.23 —0.38**
Cumulative antipsychotic dose? -0.15 -0.23 -0.09 -0.12 -0.04 -0.14 -0.11 -0.13
Antiparkinson medication doseP® 0.0 -0.35* -0.17 -0.26 -0.20 -0.17 0.00 -0.27
@ Chlorpromazine equivalents (N=85). b Benztropine equivalents (N=72). *p<0.005 **p<0.001.

error and helped ensure that reported findings are
likely to be replicated. A sample size of 94 yields 85%
power to detect an effect of this size with alpha set at
0.05 (two-tailed). The probability of observing r>0.30
in this sample is approximately 0.005 (two-tailed). The
standard error of these correlations is approximately
0.10. Thus we interpreted only effects with probability
less than 0.005 (two-tailed), and we can be 95% con-
fident that the true population correlations were
within 0.2 of those reported. Some of these results are
described below, and others are shown in table 3.

There were significant correlations between lower
neuropsychological scores and poorer Premorbid Ad-
justment Scale ratings, which were most consistent for
social-personal adjustment (e.g., with global neuropsy-
chological scale score, r=—0.34, df=88, p=0.0009) but
were not specific to any single neuropsychological
function. There were moderate relations of neuropsy-
chological impairment with extrapyramidal symptoms
assessed over the first 16 weeks of treatment; patients
who did develop extrapyramidal symptoms (N=51)
had slightly poorer functioning than those who did not
develop extrapyramidal symptoms (N=40) (global
neuropsychological scale score: F=5.26, df=1, 89, p=
0.01), but did not differ in profile. There were no sig-
nificant correlations of neuropsychological scales with
age in either the patient group or the comparison
group, with age at onset in the entire patient sample, or
with age of onset among men or women patients.

We examined correlations of scores on each neuro-
psychological scale with symptom ratings at two time
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points: 1) at study entry, before treatment (baseline rat-
ings); and 2) close to the time of the neuropsychological
examination (typically within 2 weeks of the examina-
tion). Ratings on the SADS-C psychosis and disorgani-
zation dimensions and on the SANS were examined.
There were no correlations greater than 0.30 between
neuropsychological scale scores and ratings of symp-
toms in the SADS-C psychosis and disorganization di-
mensions at baseline. Correlations with baseline SANS
ratings were somewhat more robust; specifically, the
SANS global score for affective flattening had correla-
tions >0.30 with scores on the neuropsychological
scales for memory (r=—0.31) and attention (r=—0.36)
and on the global neuropsychological scale (r=—0.30)
(df=91; all p values <0.01, two-tailed). Neuropsycho-
logical scale scores correlated more strongly with symp-
tom ratings at the time of the neuropsychological ex-
amination (table 3). Neuropsychological scale scores
tended to correlate most with global clinical assess-
ments and ratings of negative symptoms. Neuropsycho-
logical deficits explained approximately 5% to 25% of
the variance in ratings of course and general social/vo-
cational outcome after 2 years (table 3).

Scores on the executive scale, compared to other
neuropsychological scales, appeared to correlate
strongly with several functional indices. Given the the-
oretical implications of differential associations with
executive compared to memory deficits, we tested dif-
ferences between the size of these correlations (43).
Compared to memory deficits, executive deficits were
more strongly correlated with the Global Assessment
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Scale rating (for the difference between correlations, t=
2.33, df=91, p<0.01, N=94) and the mean of SANS
global ratings (for the difference between correlations,
t=1.66, df=91, p<0.05, N=94).

We examined relationships between neuropsycho-
logical scores and treatments prescribed and cumula-
tive antipsychotic dose at the time of testing. Doses of
antipsychotics were converted into chlorpromazine
equivalents, and doses of antiparkinsonian agents were
converted into benztropine equivalents. The median
chlorpromazine-equivalent dose was 500 mg/day
(mean=712, SD=730, with a range from 0 mg/day
[nine patients were receiving no medication] to 3750
mg/day). The median benztropine-equivalent dose
among the 71 patients receiving antiparkinsonian
agents was 4 mg/day (mean=4.56, SD=2.11, with a
range from 0 to 11.5 mg/day).

Scores on neuropsychological scales showed moder-
ate correlations with chlorpromazine-equivalent doses
(table 3). (Correlations involving medication doses ex-
cluded data for patients who were not receiving medi-
cations.). However, chlorpromazine-equivalent dose
also correlated significantly with a variety of symptom
ratings, including severity of hallucinations (r=0.535,
df=83, p<0.001) and the CGI score (r=0.43, df=83, p<
0.001). After statistically controlling for both of these
clinical variables, correlations of chlorpromazine-
equivalent dose with neuropsychological scale scores
were partially attenuated (e.g., r=—0.30, df=80, p<
0.003, for the correlation with the memory scale score,
and r=-0.28, df=80, p=0.009, for the correlation with
the global neuropsychological scale score; correlations
with scores on other neuropsychological scales ranged
from r=-0.14 to r=-0.26, df=80, p values >0.02).

Benztropine-equivalent dose was significantly corre-
lated with poorer performance on the memory scale
(table 3), but benztropine-equivalent dose was also sig-
nificantly correlated with the CGI score (r=0.30, df=69,
p=0.01) and had similar correlations with scores on
SANS items reflecting decreased spontaneous move-
ment (r=0.28, df=69, p=0.02) and poverty of speech (r=
0.25, df=69, p=0.04). After controlling for the CGI
scores and scores on these two SANS items, the correla-
tion of benztropine-equivalent dose with memory
impairment was attenuated only slightly (r=-0.25, df=
66, p<0.04).

DISCUSSION

This study characterized the neuropsychological
function of patients after initial stabilization of the first
episode of schizophrenia or schizoaffective disorder.
The patients showed a generalized deficit of approxi-
mately 1.5 standard deviations relative to the compar-
ison group. This effect is large in both statistical and
clinical terms. In the context of this generalized deficit,
language function was relatively spared, memory was
most impaired, and executive and motor dysfunctions
also emerged as relative deficits (see below). Although
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these fluctuations are statistically significant, their
magnitude pales in contrast to the size of the general-
ized deficit, prompting questions about their patho-
physiological and clinical significance, as noted re-
cently by Mohamed and colleagues (4).

Classical neuropsychological interpretation of the
mean patient profile suggests a relatively nonspecific
deficit pattern, which could reflect either diffuse dys-
function or disturbances in key systems (mesencepha-
lic, diencephalic, limbic, or frontal functional systems)
that have modulatory efffects on broadly distributed
neural networks. Given the caveat that neuropsycho-
logical inference based on adult, focal lesion studies
may be invalid in the study of schizophrenia (14, 44),
the findings are nevertheless consistent with current
conceptualizations of the prevailing neuropsychologi-
cal deficits in schizophrenia as either “widespread”
(i.e., affecting intrinsic cortical circuitry) or as affecting
frontolimbic and/or brainstem systems.

The neuropsychological profile observed in this
study is similar to results obtained elsewhere in groups
of first-episode patients, despite major differences in
treatment conditions and more subtle differences in
neuropsychological tests and data analytic methods (4,
7,17). The combined results suggest that this profile is
a relatively constant feature of the syndrome early in
its course. The pattern of deficit is also generally con-
sistent with studies of chronic schizophrenia (6, 45),
but the overall severity of the deficit is about 0.3 to 1.0
standard deviations greater in the groups of chronic
patients compared to first-episode patients (16, 46). It
remains unclear whether this discrepancy reflects sam-
pling bias (i.e., as many first-episode patients will not
go on to have chronic illness) or a deteriorating course
and associated cognitive decline in some patients. Re-
cent reports have shown little change and some im-
provement in first-episode groups followed up to 5
years (47, 48), but it is difficult to rule out subgroup ef-
fects given that only 15%-25% of patients are ex-
pected to decline (44). Further, despite improvement of
scores, patients may not show normal gains on retest-
ing, which might reflect functional decline (47).

Some investigators have focused on relative deficits in
learning and memory to implicate mesiotemporal pa-
thology (6, 49), but comparison of memory impairment
in schizophrenia to the amnestic syndrome may be mis-
leading. First, memory deficit was not selective enough
to resemble amnesia (50); other domains (executive,
motor) were equally affected. Second, the discrepancy
between immediate and delayed memory was not com-
parable to that observed in amnesia (table 1; for de-
tailed analysis of these discrepancies, see reference 51).
Third, memory dysfunction overlapped statistically
with other deficits. Memory tests thus appear sensitive
to the cognitive pathology of schizophrenia, but proba-
bly tap more complex and multifactorial pathology for
most patients. Despite these findings across the group,
28% of the patients may satisfy objective criteria for
amnesia based on discrepancies between IQ and mem-
ory (52), and this subgroup merits further attention.
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The contrast between patients of high and low neu-
ropsychological ability indicates that learning/memory
deficit is present even in patients with a less severe gen-
eralized deficit. But in more severely affected individu-
als, relative deficits in executive functions are also
present, and these deficits may be more severe than
that for memory. These findings are consistent with the
hypothesis of dysfunction in an integrated frontolim-
bic system, with less severely affected patients showing
only learning/memory deficit and more severely af-
fected patients manifesting deficits in executive func-
tions as well (10).

Motor dysfunction emerged as a relative deficit in
analysis of residual scores (i.e., after statistically con-
trolling for all the other scores for that subject). Our
finding that motor deficits are statistically independent
from memory and other deficits is similar to that of
Sullivan and colleagues (53). Motor deficits may re-
flect in part adverse medication effects, as seen in stud-
ies of acute neuroleptic treatment (54, 55). This idea is
further supported by previous findings of less severe
motor deficits in studies of mostly neuroleptic-naive
patients (4, 7). Although an iatrogenic contribution is
possible, it is unlikely to be the sole cause of the motor
deficits. First, motor dysfunction was neither highly
correlated with current or cumulative antipsychotic
dose, nor with extrapyramidal symptoms during early
treatment. Second, longitudinal analyses in our sample
show that motor deficits are present before treatment,
are exacerbated acutely by antipsychotic treatment
(i.e., over the first few months), and then gradually re-
turn to baseline levels with continued treatment (56).
Third, motor abnormalities have been observed in
high-risk samples (57-60) and in home movies of chil-
dren who later developed schizophrenia (61). Al-
though it will be important to examine motor function
in patients who receive new antipsychotics with less
adverse extrapyramidal effects, the motor impairments
reported here likely reflect persistent deficits. Because
these motor deficits are statistically independent from
other neuropsychological deficits, they may reflect a
distinct pathologic process.

Correlations of neuropsychological measures with
clinical measures had small-to-medium effect sizes; the
strongest indicate approximately 25% shared variance
(table 1). Neuropsychological performance had little
relation to symptoms at the time of study entry, but it
was correlated with symptoms after clinical stabiliza-
tion. This finding suggests that symptom assessments
of drug-naive patients may offer little insight about
persistent deficits. Neuropsychological scales tended to
correlate more strongly with negative symptoms than
with positive symptoms or symptoms of conceptual
disorganization, but the neuropsychological correla-
tions with some positive symptoms were not smaller
than the correlations with negative symptoms. This
observation suggests that persistent, treatment-resis-
tant positive symptoms may also index a trait-like def-
icit. The lack of neuropsychological correlations with
disorganization symptoms should be considered with
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caution: this sample had low levels of these symptoms,
and language function was relatively well preserved.
These observations stand in contrast to findings ob-
tained by using similar methods in a group of chronic
patients with both prominent disorganization symp-
toms and prominent language impairment, where
these domains were strongly correlated (32). Patients
with these features may be underrepresented in groups
of first-episode patients that include more individuals
with good outcome, or these features may emerge later
in the illness.

Neuropsychological measures correlated signifi-
cantly with both childhood adjustment and current
global functioning indices, suggesting an early devel-
opmental origin of enduring deficits. Executive deficits
were the strongest predictors of impairment on the glo-
bal functioning indices, while memory and attention
deficits were the strongest predictors of premorbid ad-
justment and social-vocational outcome 2 years after
study entry. These results are generally consistent with
those reviewed by Green (15).

Recent attention has focused on possible sex differ-
ences in neuropsychological functioning, and the impli-
cations of these differences for models of etiology and/
or pathophysiology (44, 62-64). After controlling for
normal differences in motor speed (men are faster), we
found no neuropsychological differences. We found,
however, that within the patient group, women per-
formed more poorly than men on the premorbid index.
Because the premorbid index was loaded highly on cer-
tain tests (i.e., the information subtest of the WAIS-R)
that show normal advantages for men over women
(65), this finding may be an exaggeration of a normal
sex difference, or fewer high-functioning women may
have participated in testing. In either case, the results
fail to support the hypothesis of more severe pathology
among men with schizophrenia.

Handedness effects were prominent. Nondextral pa-
tients performed approximately 0.5 standard devia-
tions below dextral patients, and the profile shape was
similar. These results were not due to a subgroup with
mixed-hand preference (38). We previously noted in a
study of WAIS-R results that only strongly dextral
first-episode patients had IQ scores above the range of
chronic patients (16). These strongly dextral first-epi-
sode patients may be less likely to go on to a chronic
course, or they may be more likely to show cognitive
deterioration if and when their illness progresses. In ei-
ther case, our results reveal a major association of non-
dextrality with global neuropsychological deficit. We
previously hypothesized that this association might re-
flect a generalized failure in cerebral anatomic special-
ization (9), but so far there is little direct evidence link-
ing neuropsychological deficits to absence or reversal
of normal structural brain asymmetries.

To what extent can findings of neuropsychological
deficit in schizophrenia be attributed to medication ef-
fects? This question is intractable outside the context of
a controlled treatment trial (55), but it remains impor-
tant to assess relations of treatment with neuropsycho-
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logical performance to guide future studies. We found
significant correlations between antipsychotic dose and
impairment on every neuropsychological scale, but
higher dose also correlated with severity of hallucina-
tions and the CGI score. We are no more inclined to
suggest that antipsychotic drugs cause neuropsycholog-
ical deficit than to suggest that antipsychotic drugs
cause hallucinations. The results indicate that patients
with more severe, treatment-refractory symptoms had
greater neuropsychological impairment and received
higher doses. Further, given that the association of
higher dose with neuropsychological impairment was
reduced but not eliminated by statistically controlling
for symptom severity, neuropsychological deficits may
either prompt dose escalation or result from it.

A similar pattern of results was observed with anti-
parkinsonian agents. In line with the literature (66,
67), benztropine-equivalent dose correlated signifi-
cantly with poorer performance on the memory scale,
although it also correlated with poorer performance
on executive, motor, and global scales, suggesting little
specific effect of anticholinergic load. But benztropine-
equivalent dose also correlated with global clinical rat-
ings and items reflecting decreased spontaneous move-
ment and poverty of speech. These findings suggest
that patients with persistent akinesia and more neu-
ropsychological deficit tend to receive more antipar-
kinsonian medication. Because memory deficit was
still associated with benztropine-equivalent dose after
controlling for extrapyramidal symptoms, there may
be a separate anticholinergic effect on memory that de-
serves further study. Such studies must now consider
the overall anticholinergic burden of regimens involv-
ing both antipsychotic agents and adjunctive treat-
ments with high levels of anticholinergic activity.
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