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Abstract

Even though the idea that schizophrenia is a neurobe-
havioral syndrome has become a mainstream position,
there is no consensus on the precise nature of the cog-
nitive and neuropsychological impairment Research
on cognitive dysfunctions in schizophrenia has been
directed toward discriminating stable dysfunctions
(traits) from symptom-linked (state) deficits. A longitu-
dinal study design is the only one that can provide
answers to the question of the stability of psychological
functions. This article reviews 15 studies with a follow-
up of at least a year. The main conclusion drawn from
these studies is that after the onset of schizophrenia,
cognitive deficits are relatively stable over long peri-
ods. No support for a decline in cognitive functions is
found. Thus, schizophrenia does not appear to be a
degenerative process, but rather a static encephalopa-
thy. Whether or not the cognitive deficits found in
schizophrenia can be remediated is still an open ques-
tion that needs to be examined.
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tudinal studies.

Schizophrenia Bulletin, 24(3):425-435,1998.

The view of schizophrenia as a neurobehavioral syndrome
with a neurodevelopmental origin is now widely accepted
(Kremen et al. 1994; Murray 1994). Ample evidence of
cognitive and neuropsychological deficits in patients with
schizophrenia supports this view. A certain movement
from laboratory studies of particular cognitive processes,
such as attention, toward comprehensive neuropsycholog-
ical evaluations has taken place during the past decade.

However, there is no agreement as to the precise
nature of the cognitive/neuropsychologjcal impairment
(Nuechterlein and Dawson 1984; Rund and Landr0 1990).
The reason is related to several factors. One is that so far
we have not clarified whether patients with schizophrenia

demonstrate only certain areas of dysfunction or show a
more generalized deficit. Establishment of a selective
deficit requires demonstration of specific dysfunction
against the expected background of global impairment. To
demonstrate which cognitive functions represent a differ-
ential deficit (specific dysfunction) in subjects with schiz-
ophrenia, the experimental and control tasks must be
equated on psychometric variables, such as difficulty,
variability, and reliability on test items (the so-called dis-
criminating power). Such matching of tasks has been
neglected to a great extent in the field (Miller et al. 1995).
One of the few tasks that has been matched on discrimi-
nating power is the Digit Span test constructed by
Oltmanns and Neale (1975). In this test, two sets of neu-
tral and distractor Digit Span tests were carefully matched
for psychometric properties affecting discriminating
power. For the most part, this task has shown a differen-
tial deficit on distractibility in patients with schizophrenia
when compared with normals (Oltmanns and Neale 1975;
Oltmanns 1978; Oltmanns et al. 1978; Rund 1983, 1989).

Chapman and Chapman (1989) have also recom-
mended two alternative strategies: use of standardized
residual scores or titration of accuracy by manipulating
test conditions. By using the first approach, Saykin et al.
(1991) demonstrated a selective deficit in memory and
learning as compared with other cognitive areas in a sam-
ple of 36 unmedicated patients with schizophrenia.

Another factor that has made it difficult to get a defi-
nite answer to the question of the precise nature of the
cognitive deficit in patients with schizophrenia is the diag-
nostic specificity of a dysfunction. Very few, if any, cogni-
tive/neuropsychological deficits have proven to be a spe-
cific characteristic of schizophrenia. Typically, a certain
deficit has been found first in a sample of patients with
schizophrenia. Then, some time later, it has been found in
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other psychiatric groups as well, for instance, in affec-
tively disturbed patients (Rund 1993).

There is also great variety within the diagnostic
group called "schizophrenia." Most often only some
patients with schizophrenia manifest a dysfunction, and
researchers are fortunate if these constitute a definable
subgroup of patients.

During the past two decades, much research in this
area has been focused on discriminating cognitive deficits
that are "stable vulnerability factors" from "episode indi-
cators" (Nuechterlein and Dawson 1984; Rund et al.
1997). Deficits that fall into the category of vulnerability
markers are stable characteristics that consistently deviate
from normal levels, even during remission without florid
symptoms. They should also be detectable in vulnerable
persons who are not symptomatic. "Episode indicators,"
however, are associated with certain features of schizo-
phrenic symptomatology. They deviate from normal lev-
els during symptomatic episodes but return to normal lev-
els during symptom-free periods. "Episode indicators"
seems to have been used as a term synonymous with
"state-dependent components" (Saccuzzo and Braff
1986). "Vulnerability" or "trait factor" suggests structural
abnormalities. "State" suggests that cognitive deficits vary
because of underlying neurochemical or neurophysiologi-
cal disturbances.

It is also worth noting that few research reports spec-
ify the phase of the illness in which patients are examined
or tested. Typically, the symptoms of schizophrenia wax
and wane. The illness fluctuates between stages of florid
symptoms and periods of (partial) remission. Most often
the subject sample is described as "chronic," or "first-
episode schizophrenia," and so on. It is most likely that
these samples consist of a heterogeneous group of patients
with respect to symptom severity and stages of the illness.
However, the samples may be relatively homogeneous in
terms of such variables as length of illness and hospital-
ization.

A follow-through longitudinal study is the only
design that can answer questions about the stability of a
psychological function. It is also the best suited to dis-
criminate vulnerability factors from symptom-linked fac-
tors. Cross-sectional comparisons of patient groups in dif-
ferent stages of the illness or at different ages are likely to
be confounded by sampling biases that create differences.
These differences are not due to intraindividual processes
(Strauss 1978). Thus, longitudinal studies are essential to
determine whether cognitive and neuropsychological
abnormalities in schizophrenia reflect traits, clinical
states, or a combination of the two (Nuechterlein et al.
1992). For this reason, only studies with a longitudinal
design are considered in the present review. Given the
importance attached to the question of discriminating vul-

nerability from symptom-linked factors, it is astonishing
that so few longitudinal studies have been done in this
area.

In the present review, relevant reports were identified
by a literature survey using the keywords "schizophre-
nia," "cognition," "neuropsychology," and "longitudinal."
In addition, some outstanding researchers in this area
were asked to add to the identified list relevant studies
that were not included.

Seen from the perspective of the course of a chronic
disease like schizophrenia, a followup period of a few
weeks tells us little about the stability of psychological
function. Thus, this review considers only studies with a
minimum 1-year followup period. A few studies of cogni-
tive dysfunction with a shorter followup period, included
in the initial literature survey, have been omitted.

Why is it important to obtain more exact knowledge
about cognitive dysfunction in patients with schizophrenia
over time? The answer is twofold:

1. Knowledge about the natural course of cognitive
deficits will help clarify the etiology of schizophrenia. An
important question in this connection is whether schizo-
phrenia is a dementing disorder or a static encephalopa-
thy. A dementing disorder can be related to a neurodegen-
erative process. After an insidious onset, the patient's
symptoms become even more disabling and cognitive
functions and social skills more impaired (Goldberg et al.
1993). A static encephalopathy is generated by a neurode-
velopmental process or arrest. If this is the case, cognitive
deficits will be relatively stable. With the onset of clinical
symptoms, the patient's cognition declines and he or she
becomes disabled. Patients can remain in this stable but
impaired condition for many years (Goldberg et al. 1993).

2. Treatment and possibilities for cognitive remedia-
tion depend on the natural course of the cognitive deficit
Enduring cognitive deficits can be responsible for pa-
tients' failure to rehabilitate cognitively and even socially.
Treatment evaluation is more complicated against a back-
ground of progressive dementia.

The Review

Diagnoses, tasks, and main findings are summarized in
table 1 for the 15 studies reviewed.

The Moran et al. (1960) study was the first one re-
porting longitudinal data in the area of cognition. They
examined 55 patients with chronic paranoid schizophrenia
with an extended battery of word meaning measures.
Thirty patients were followed up with the same test bat-
tery 6 years later. The authors found that overall perfor-
mance was "remarkably stable" over the 6-year period but
that there was a slight decline in performance on defini-
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Table 1. Longitudinal studies of cognitive and neuropsychologlcal functions In patients with
schizophrenia

Study

Moranetal. (1960)
Smith (1964)

Klonoffetal. (1970)
Rekkay(1975)

Nuechteriein (1985)

Rund(1989)

Bilderetal. (1991)

Sweeney etal. (1991)

Nuechterleinetal. (1992)

Hoff etal. (1992)

Rund etal. (1993)

Subjects

30 schizophrenia
24 schizophrenia

66 schizophrenia
72 schizophrenia

14 schizophrenia

20 normal
14 schizophrenia

28 schizophrenia

39 schizophrenia

17 normal
17(13)
schizophrenia

17 schizophreniform

14 normal

Tasks

Word meaning
IQ test

WAIS
Word association

CPT, DS-CPT

Short-term memory
Distractibility

(Digit Span)
Neuropsychological
test battery
(4 measures)

Neuropsychological
test battery
(7 measures)

CPT, SPAN

Neuropsychological
test battery
(7 measures)

Backward-masking

Followup
(years)

6
8.4

8
16.6
mean
1

4

1

1

1

2

2

Results

High stability
High stability on higher mental
functions

A certain loss in shifting capacity
(Weigl)

Significant improvement
Moderate stability, tendency to-
ward improvement

High stability on perceptual
sensitivity DS-CPT

Moderate stability on conven-
tional CPT

High stability

High stability in neuropsycho-
logical deficit

Improvement on most func-
tional domains

Decline on attentional span
High stability on memory, verbal
fluency, verbal learning/recall,
visual memories

Improvement on verbal recog-
nition memory, orientation, psy-
chomotor skills

High stability on attention meas-
ures

Low stability on memory for
contextual cuing

Improvement on complex atten-
tion, concentration, motor speed,
conceptual problem solving

High stability on language, verbal
and spatial memory

High stability

Nopoulosetal. (1994)

Harvey etal. (1995)

8 nonschizophrenia
22 schizophrenia
35 schizophrenia Neuropsychological

test battery
(5 measures)

224 schizophrenia
geriatric

Rund and Landre (1995) 22 schizophrenia
8 affective

14 normal

MMSE

RT, Vigilance
(CPT, SPAN),
Short-term memory,
Long-term memory

1(17 High stability
patients) Improvement on complex atten-

2 (18 tjon and set-response-shift
patients)

1 High stability

1 Moderate stability, some improve-
ment
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Table 1. Longitudinal studies of cognitive and neuropsychological functions In patient with
schizophrenia—Continued

Study

Rund etal. (1997)

Subjects

14 normal
15 schizophrenia

Tasks

Cognitive test
battery
(4 measures)

Followup
(years)

1-2

Results

High stability on backward-mask-
ing and long-term memory

Moderate stability on cognitive
shift

Improvement on short-term mem-
ory

Note.—IQ - intelligence quotient; WAIS - Wechsler Adult Intelligence Scale (Wechsler 1958); CPT = Continuous Performance Test
(Rosvold et al. 1956); DS-CPT = degraded stimulus Continuous Performance Test (Nuechterlein 1983); SPAN - Span of Apprehension
Test (Asamow et al. 1991); RT = reaction time; MMSE = Mini-Mental State Exam (Folstein et al. 1975).

tions. This decline was assumed to be associated with nor-
mal aging rather than with increased schizophrenic
pathology or length of institutionalization. A methodolog-
ical strength in this study was that the patients were prob-
ably not medicated (Moran et al. 1952).

Smith (1964) tested 11 younger patients with schizo-
phrenia with a hebephrenic-catatonic symptom complex,
and tested 13 older patients with paranoid schizophrenia
on higher mental functions (intelligence quotient [IQ])
and shifting capacity as a specific effect of frontal lobe
lesions. The patients were retested 8.4 years later. The
most striking finding here was the remarkable stability of
test scores on measures of intelligence. A certain loss in
shifting capacity was observed in 10 patients from the
first to the second assessment. This study was hampered
by several methodological shortcomings, however.
Among them was the lack of a control group to decide
whether the cognitive functions examined represented a
deficit in the patients with schizophrenia, as is the case
with many of the studies reviewed in this article.

Klonoff et al. (1970) also followed the intellectual
functioning of a group of 66 chronic patients with schizo-
phrenia over a period of 8 years, using the Wechsler Adult
Intelligence Scale (WAIS; Wechsler 1958). The data indi-
cated a significant improvement in IQ on the WAIS during
this time period. Verbal IQ tended to be more stable than
performance IQ. (For a review of studies on IQ changes
over the course of schizophrenia, see Aylward et al. 1984.)

Flekk0y's (1975) examination is remarkable in the
sense that it has a much longer followup period than any
of the other studies. The mean test-retest interval was 16.6
years, with a range from 15 to 19 years. Seventy-two
patients with schizophrenia were assessed with a word
association test consisting of 50 common nouns. Their
responses were examined in relation to an associative
norm. The patients with schizophrenia showed a signifi-
cant normalization of performance with respect to asso-
ciative commonality, idiosyncratic responses, and re-
sponse latency during the followup period. However, a

methodological problem with this study was that only 36
percent of the patients received psychotropic drugs at the
time of the first testing, whereas 93 percent received such
medication at the time of retesting. Thus, the normaliza-
tion of associative responses could be attributed chiefly to
the effects of psychotropic drugs as well as improved psy-
chiatric treatment.

Nuechterlein (1985) examined 21 patients with
chronic schizophrenia longitudinally with a traditional
and degraded stimulus Continuous Performance Test (DS-
CPT; Nuechterlein 1983). Also, 14 patients were exam-
ined 1 year after the initial testing. Nuechterlein found
that the test-retest correlations for overall perceptual sen-
sitivity in the DS-CPT were fairly high. However, parallel
correlations for the conventional CPT (Rosvold et al.
1956) were substantially lower, which indicated relatively
little performance stability on this version.

Rund (1989) twice assessed 14 patients with schizo-
phrenia, 8 nonpsychotic psychiatric controls, and 20 nor-
mals on recall performance and distractibility, with an
interval of 4 years. The method was a Digit Span test with
neutral and distractor condition strings. The two condi-
tions were matched for difficulty level and reliability to
avoid the problem associated with different discriminating
power (Chapman and Chapman 1973, 1978; see also the
introduction). Results showed that patients with schizo-
phrenia, primarily nonparanoid patients, were inferior to
normals with respect to short-term recall both times. No
significant differences were found as to the influence of
distraction when patients with schizophrenia were com-
pared with the two control groups. An analysis of variance
(ANOVA) revealed no main effect of time, which implies
a relatively stable pattern of performance in both patients
with schizophrenia and controls on recall performance as
well as on distractibility over time. A certain decline in
distractibility performance was observed in the patients
with paranoid schizophrenia from time 1 to time 2, how-
ever. Methodological weaknesses in this study were the
small sample of patients and the uncertainty associated
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with changes in neuroleptic medication from the first to
the second testing.

Bilder et al. (1991) reported findings from a prospec-
tive longitudinal study of 28 first-episode patients with
schizophrenia on a broad battery of neuropsychological
tests (motor, attentional, executive, and language func-
tions). Patients were assessed before initial treatment and
after 1 year. A generally high stability of neuropsycholog-
ical deficits was found. Further, an overall improvement
in most neuropsychological functional domains (tests of
motor functions, learning, and memory) and an overall
decline on tests of attention span were reported.

Sweeney et al. (1991) evaluated the longitudinal sta-
bility of neuropsychological deficits in 39 patients with a
diagnosis of schizophrenia, schizophreniform disorder, or
schizoaffective disorder. Patients were first tested with a
comprehensive battery of neuropsychological tests assess-
ing seven functions: motor speed, psychomotor speed and
attention, visual-spatial skills, verbal fluency, verbal mem-
ory, visual memory, and flexibility of cognitive set. They
were tested after achieving sufficient clinical recovery to
warrant discharge and again 1 year after the first assess-
ment during a nonacute period. Significant improvement
from the first to the second assessment was observed on
Trail Making Task A and B (Adjutant General's Office
1944), WAIS-R Digit Symbol (Wechsler 1981), Judgment
of Line Orientation (Benton 1983), recognition memory
on the Rey Auditory Verbal Learning Test (Rey 1964), the
Wisconsin Card Sorting Test (WCST; Heaton 1981),
Finger Tapping (Rey 1964), and perseverative error on the
WCST. These improvements were unrelated to treatment
history. Regardless of whether patients were first-episode
cases or had experienced previous episodes of psychosis,
similar levels of improvement were observed. No changes
were evident on the Digit Span test, Block Design, verbal
fluency, verbal learning/recall, or immediate or delayed
visual memory. No significant deterioration in functioning
over the 1-year foliowup period was evident on any test.
Sweeney et al. (1991) concluded that considerable im-
provement in neuropsychological functioning can occur in
patients with schizophrenia over the months following an
acute episode. The authors suggest that improvement dur-
ing the followup period could result in part from a gradual
physiological recovery of brain function after a psychotic
episode. This study had the following methodological
shortcomings: Schizophreniform and schizoaffective
patients were included; a comparison group was not used
to control for practice effects; there was a relatively short
followup period; and antipsychotic doses were reduced
during the followup period.

Nuechterlein et al. (1992) reported some preliminary
results from a longitudinal study of patients with schizo-
phrenia. These patients were tested 1 month after a stan-

dardized medication level was achieved and 1 year from
this initial assessment. In the 1992 report, data were ana-
lyzed for 17 pairs of patients and normal controls on two
information processing tasks: the DS-CPT and a forced-
choice Span of Apprehension Test (SPAN; Asarnow et al.
1991). Analyses suggested that both discrimination of
ambiguous perceptual information presented in rapid suc-
cession (DS-CPT) and the ability to apprehend simultane-
ous information (SPAN) remained impaired in a relatively
stable way during the early course of schizophrenia. This
was indicated even with all symptoms going into remis-
sion. Nuechterlein et al. (1992) understand this finding as
consistent with the hypothesis that subtle information-
processing anomalies are genetically transmitted compo-
nents of vulnerability to schizophrenia. In contrast to
these two measures, the performance of patients with
schizophrenia on a memory-load CPT (3-7 CPT) varied
significantly in patients across psychotic and remitted
states. This finding suggests that increased disturbances in
use of active memory for contextual cuing accompany
and possibly contribute to psychotic symptoms.

Hoff et al. (1992) administered a large battery of neu-
ropsychological tests consisting of seven summary scales
(language, executive, verbal memory, spatial memory,
concentration/speed, sensory/perceptual, and global) to 56
schizophreniform patients and 57 normal controls.
Patients were tested within several weeks of hospitaliza-
tion. Seventeen of the patients were followed up after 2
years. The main findings were that several neuropsycho-
logical summary scales revealed in the schizophreniform
patients as compared with normals a diffuse pattern of
cognitive impairment that appeared to improve over time.
Improvement was primarily found in tasks involving
complex attention, concentration, motor speed, and higher
order conceptual problem solving. Hoff et al. (1992)
assume that the cognitive improvement resulted from
improvement in clinical state.

Rund et al. (1993) also investigated the stability of
information processing tasks involving the earliest phases
of visual processing: a backward-masking test. Twenty-
two patients with schizophrenia, 8 nonschizophrenia
patients, and 14 normal controls were tested three times,
•with an interval of 1 year between each session. There
were significant differences between patients with schizo-
phrenia and normal controls, and the masking perform-
ance proved to be stable across the three test sessions.

In another publication, Rund and Landr0 (1995)
reported the longitudinal data on a simple reaction time
task, a vigilance task, a short-term memory task, and a
long-term memory task from the same subject sample.
Results showed that normals performed better than
patients with schizophrenia and affectively disturbed
patients on almost all of these tests. The groups' perform-
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ance changed to some extent over time on most of the
measures, but the changes were not significantly different
for different groups. In general, subjects' performance
improved from the first to the second testing, but the
improved results might in some cases reflect a learning
effect, as with the vigilance (SPAN) and the memory
tasks. Methodological shortcomings in this study were the
small group sizes and the fact that patients were for the
most part medicated at the first testing (though only a few
of them were medicated at the second and third testing).

Nopoulos et al. (1994) evaluated the stability of cog-
nitive functioning early in the course of schizophrenia by
testing 35 patients with schizophrenia with nine neuropsy-
chological tests: CPT, Finger Tapping, Trail Making Task
B, Controlled Oral Word Test, Logical Memory Test, Rey
Auditory Verbal Learning Test, Paired Associated, Benton
Visual Retention Test (Benton 1983), and Stroop Color-
Word Test (Golden 1978). Five neuropsychological meas-
ures were derived from this battery of tests: psychomotor
speed and attention, verbal fluency, verbal memory, visual
reconstruction memory, and shift response set Sixty-eight
controls were also assessed with the same battery of tests,
but with no followup testing. Seventeen of the patients
initially tested were tested again after 1 year, the other 18
patients were retested after 2 years. The results indicated
that performance on most measures was stable over time.
A small subset of functions improved: complex attention
(Trail Making Test B) and set-response-shift (Stroop).
Nopoulos et al. (1994) concluded on the basis of these
findings, that the neuropsychological functions of motor
speed, verbal and nonverbal memory, and verbal learning
are traits of the illness. Complex attention and executive
functions are state dependent. However, the results indi-
cated that these functions were related to changes in
symptom severity and not to changes in medication doses.

Harvey et al. (1995) examined 224 geriatric inpa-
tients with schizophrenia for changes in cognitive func-
tioning over a 1-year followup period. Forty-five of them
were also assessed over a 2-year period. The assessment
method used was the Mini-Mental State Examination
(MMSE; Folstein et al. 1975). This is a 22-item examina-
tion that assesses various cognitive skills including orien-
tation, short-term memory, and language and praxis skills.
However, it is a rating scale, not a neuropsychological or
cognitive test The MMSE scores did not change OVCT a 1-
or 2-year followup period, and the test-retest reliability of
the scale was extremely good at both retest intervals.
These results are interpreted as support for the viewpoint
that cognitive changes in these patients are very slow—
more consistent with a neurodevelopmental process than a
neurodegenerative one.

A different research approach was used by Rund et al.
(1997) in a longitudinal study of 15 patients with schizo-

phrenia and 14 normal controls. The purpose of this study
was to classify cognitive dysfunctions in patients with
schizophrenia according to a trait/state model. The sample
of patients was therefore examined on four different cog-
nitive functions (10 scores) in two distinctly different
phases: an acute psychotic state and partial remission. Six
of the 10 measures examined could be classified as cogni-
tive deficits in patients with schizophrenia. Since back-
ward-masking scores and long-term memory scores
proved to be fairly stable in patients with schizophrenia,
they were classified as trait-dependent components. A
short-term memory score was the only one on which the
patients' performance significantly improved from the
acute to the remission phase. Therefore, this measure was
classified as an episode-linked factor. The other cognitive
deficits found could be characterized as intermediate fac-
tors: They are more prominent in the acute psychotic state
but do not completely disappear during remission states.

Discussion and Conclusions

Most of the studies reviewed have methodological short-
comings and confounding variables that have to be con-
sidered before general conclusions can be drawn: The first
general problem in research on schizophrenia is the relia-
bility and validity of diagnoses. There is considerable evi-
dence to suggest imperfect overlap in diagnoses by the
early and late diagnostic systems; for instance, DSM-II,
DSM-IH, and DSM-IV (American Psychiatric Association
1968, 1980, 1994). Accordingly, there are criterion valid-
ity differences between the early and later studies
assessed. An indication that this is not a big problem is the
fact that the findings with respect to stability in cognitive
deficits seem to point in the same direction in the early
and later studies.

A second confounding variable in most of the studies
reviewed is the effect of drugs—neuroleptics as well as
anticholinergic drugs. Neuroleptic treatment seems to
improve some cognitive functions and to have a deterio-
rating effect on others (Spohn and Strauss 1989; Rund et
al. 1996, 1997). Antipsychotic drugs might also have dif-
ferent effects in the short and long run. Anticholineric
drugs have been shown to impair some cognitive func-
tions, such as verbal recall, independently of any
autochthonous process of deterioration (Spohn and
Strauss 1989). Further, attention and information process-
ing impairment is related to tardive dyskinesia, particu-
larly in patients with long-term neuroleptic treatment
(Waddington and Youssef 1986; Spohn and Coyne 1993).
In the longitudinal studies reviewed, in which a great
number of cognitive and neuropsychological functions
have been assessed and the doses of neuroleptic and anti-
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cholinergic medication might have changed dramatically
or been discontinued, it is a complex task to evaluate how
the findings are affected by medication.

A third serious methodological problem in longitudi-
nal studies is the dropout of patients between the first test
and retest times. Most of the studies reviewed are ham-
pered by a certain dropout. This limitation is serious
because those patients who could not be contacted or
were unable to participate may have experienced a differ-
ent course from that of patients who were retested; that is,
they may have had a cognitive decline. In a sense, there
may have been ascertainment bias toward those individu-
als without cognitive decline.

A fourth methodological question that should be men-
tioned concerns the practice or learning effects in test-
retest studies. Ideally, a comparison group of normal
controls screened for personal or family history of psy-
chopathology should be included to control for practice
effects. However, with the long intervals between test ses-
sions in the studies reviewed (at least 12 months), any car-
ryover that occurs is probably minimal. This assumption is
also supported by the normal control group data from our
latest longitudinal study (Rund et al. 1993, 1997).

Although there are several methodological limitations
that make it difficult to draw firm conclusions from the
studies reviewed, some clear trends that create a basis for
some tentative conclusions appear. The main conclusion
is that cognitive deficits are relatively stable over long
periods after the onset of schizophrenia. If any change
occurs, it is most often an improvement in performance
following remission after an acute psychotic episode. In
several of the studies (Sweeney et al. 1991; Hoff et al.
1992; Nopoulos et al. 1994) some neuropsychological
functions were found to improve in first-episode patients
during the first stage of the illness when they were recov-
ering from the acute episode.

The relatively high stability of cognitive deficits in
patients with schizophrenia is also supported by cross-
sectional studies (e.g., Hyde et al. 1994; Strandberg et al.
1994). However, these are not included in this review for
methodological reasons.

The most stable deficits seem to include verbal skills
(word meaning, word association, verbal fluency, etc.),
memory (long- and short-term, spatial and visual), and
preattentional information processing (backward-masking).

Less stability has been found in the following cogni-
tive functions: complex attention and concentration, set-
response-shift (WCST), and attentional span. Bilder et al.
(1991) found a significant dechne in attentional span over
a 1-year period.

The present review of stability of cognitive dysfunc-
tions gives no support for hypothesizing a degenerative
process in schizophrenia once positive symptoms appear

and the disorder manifests (Goldberg et al. 1993; Harvey
et al. 1995; McGlashan and Johannessen 1996). Schizo-
phrenia seems to be a static encephalopathy rather than a
progressive dementia (Hyde et al. 1994).

There is ample empirical evidence that the perform-
ance of patients with schizophrenia is impaired on a wide
range of cognitive and neuropsychological tests, repre-
senting a generalized cognitive decline. There is also evi-
dence for specific cognitive and neuropsychological
deficits that may occur over and above this general
impairment involving memory, attention, and ability to
switch attentional set (frontal lobe functions).

It is the hypothesis of this review that this general
cognitive decline occurs gradually, often during adoles-
cence. Specific impairments found in patients with schizo-
phrenia are triggered to a greater extent by the onset of
the illness. An alternative view is that individuals with
schizophrenia simply fail to develop the same cognitive
capacities as normal individuals, that is, they never reach
a peak of performance from which to decline (Murray et
al. 1992). Crow et al. (1989) have suggested that this
entails a lack of left hemisphere growth.

The pattern of deficit in patients with schizophrenia
shows a wide degree of individual variation. Although the
present evidence does not allow the description of a more
distinct association between clinical symptoms and neu-
ropsychological deficits (Elliott and Sahakian 1995), there
seems to be empirical evidence to assume that patients
with the most negative symptoms show the clearest cogni-
tive impairment. Some patients with schizophrenia, per-
haps as many as 30 percent, do not manifest any deviance
in cognitive or neuropsychological functioning.

The high stability of cognitive deficits found in these
longitudinal studies probably masks the fact that a few
functions are episode linked and thus fluctuate with the
symptoms. Short-term memory may be such an episode
indicator (see Rund et al. 1997). Most cognitive deficits
can be characterized as intermediate factors, that is, they
are more prominent in acute psychotic states but do not
completely disappear during remission. A few cognitive
deficits are stable over time and can be classified as trait-
dependent components. However, none of them seem to
indicate a decline over time beyond what can be expected
from normal aging. Thus, as concluded above, there is no
indication of a degenerative process in schizophrenia.

A kind of "moderating" factor that has to be taken
into consideration in this connection is that in most longi-
tudinal studies the baseline assessment is done shortly
after remission or when patients are in partial remission
from an acute episode of illness. Thus, if the followup
testing is done in a state of relatively stable functioning,
patients can have both state and trait-like abnormalities at
baseline, but only trait-related deficits at followup.
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Recovery of function from acute episodes of illness might
show improved function, while a mild deteriorating con-
dition might worsen function to a net "no change" effect
To the degree that learning effects might be assumed, the
result would be an improvement in function, in effect
masking deteriorative changes.

Another factor that contributes to the conclusion that
the stability of cognitive functions is indicative is the lim-
itation of group data that can conceal a mild deterioration
over the course of the illness. It is plausible that a subset
of perhaps 10 to 20 percent of cases do show a mild dete-
rioration in the course of illness, but this subgroup is not
identified in group analyses.

The findings outlined above, with respect to a degen-
erative process in most patients with schizophrenia, can
be related to a neurodevelopmental arrest at the neurobio-
logical level. There is some empirical evidence to support
the hypothesis that connections between subcortical areas,
including the limbic system and the frontal cortex, may be
impaired in schizophrenia (Robbins 1990; Elliott and
Sahakian 1995). This hypothesis is compatible with
Weinberger's proposal of a developmental framework for
such impairments. It has been found that anatomical and
functional characteristics of prefrontal connectivity with
limbic structures of the temporal lobe appear in adoles-
cence and develop through early adulthood (Breslin and
Weinberger 1990). The peak age of onset for schizophre-
nia is at this developmental stage. Saugstad (1989) has
argued that schizophrenia is a disorder occurring in
extremely late maturers. She claims that in individuals
with an extremely late and prolonged pubertal period, a
greater than optimal attenuation of synaptic density may
have occurred.

A neurodevelopmental arrest can account for the gen-
eralized cognitive impairment in schizophrenia, which is
also stable over time and can be classified as a trait com-
ponent. This is primarily frontal lobe dysfunction. The
symptom-linked cognitive deficits that accompany the
onset of an acute psychotic episode are thought to be
mediated by an additional abnormality in dopaminergic
transmission (Meltzer 1991). The abnormalities in
dopamine activity could be due to the effects of stress or
could be secondary results of frontostriatal dysfunction
(Elliott and Sahakian 1995).

What implications for treatment and rehabilitation
can be drawn from these conclusions? The natural course
of schizophrenia does not imply a decline in cognitive
abilities. The observation of not only stability but some-
times even improvement in neuropsychological functions
should be grounds for clinical optimism, provided
relapses are prevented.

Whether or not cognitive deficits can be modified is
still an open question. A few attempts to remediate spe-

cific cognitive functions have been successful to some
extent: Examples are span of apprehension (Kern et al.
1995) and a decrease in the frequency of perseverative
errors on the WCST (Bellack et al. 1990; Summerfelt et
al. 1991; Green et al. 1992). It is less clear whether these
gains can be maintained over time and generalized to
other areas of functioning (Green et al. 1992).
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