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Abstract
Individuals with schizophrenia have relative deficits in cognition, although little is known
regarding the course of such deficits across the lifespan and at various stages of the illness.
Furthermore, the relationship between psychosis and cognition has not been adequately explored
to this point. Prospective, longitudinal, multi-assessment studies of the same patients across time
are rare in the field and provide a unique opportunity to examine long-term changes in cognition
among individuals with schizophrenia. As part of The Chicago Follow-up Study, we prospectively
assessed 244 psychiatric inpatients, including individuals with schizophrenia, other psychotic
disorders, and non-psychotic depression. Assessments were conducted seven times (once at index
hospitalization, and then 6 times subsequently over the next 20 years) to provide longitudinal data
about cognition and symptoms, with a focus on two aspects of cognition: processing speed and the
ability to access general knowledge. The Digit Symbol-Coding and Information subtests from the
Wechsler Adult Intelligence scale were used to measure the two cognitive domains at each
assessment. At all 7 assessments, individuals with schizophrenia performed more poorly than the
other diagnostic groups on the two cognitive measures. However, following the acute phase (index
hospitalization), individuals with schizophrenia demonstrated significant improvements in
cognition and did not show evidence of cognitive decline over the remaining six assessments
spanning 20 years. Our data support the presence of relative cognitive impairment in
schizophrenia, as well as a pattern of stability in some cognitive areas following the acute phase.
Additionally, we find evidence for an association between relative cognitive impairment and
psychosis.

The current research prospectively investigated the longitudinal course of two
neurocognitive measures in individuals with schizophrenia and other mental disorders over a
20-year follow-up period. Cognitive deficits are now acknowledged to be one of the central
aspects of the schizophrenia syndrome [1], and there is evidence of cognitive impairments
among individuals with schizophrenia in a variety of domains [2–4]. Furthermore, cognitive
deficits in individuals with schizophrenia have been identified prodromally during
childhood, during the first episode of psychosis [5], and many years after the initial onset of
illness [6]. However, despite the strides that have been made in characterizing the cognitive
profile of schizophrenia at different stages of the illness, most studies have been cross-
sectional or have used relatively short follow-up intervals. Thus, the longitudinal course and
trajectory of cognitive function in schizophrenia is not as well described.
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Existing research is mixed regarding the temporal stability of cognitive deficits in
schizophrenia. Several studies in this area support the hypothesis that cognition in
schizophrenia remains stable over time and does not decline more rapidly than in healthy
controls [7–9]. For example, a longitudinal study by Russell and colleagues [9] found no
differences between IQ scores of individuals with schizophrenia during childhood and at
follow-up 19 year later. These findings suggest that global intellectual functioning in
schizophrenia does not deteriorate at a greater rate than would be expected in healthy aging.

In contrast, other research has documented significant declines from premorbid intellectual
capacity among individuals with schizophrenia [10–12]. Sheitman and colleagues [12]
reported significantly lower current IQ scores (mean = 83) among a sample of schizophrenia
participants relative to pre-morbid IQ scores (mean = 93). Harvey and co-workers [13] also
found significant declines in cognitive functioning in schizophrenia patients over a period of
two and a half years. However, that sample comprised an important but relatively rare group
of geriatric chronic schizophrenia patients with many years of continuous hospitalization.
Thus, the stability of neurocognitive functioning in young individuals with acute
schizophrenia over time remains an important issue yet to be assessed prospectively over a
long follow-up period.

Additionally, the longitudinal relationship between psychosis and cognition in schizophrenia
has not been fully characterized. Untreated psychosis has been hypothesized to influence
cognition negatively [14–15], and psychotic disorders (e.g., schizophrenia) have been
associated with more prominent neuropsychological impairment than non-psychotic
disorders [16]. Thus, the available literature may implicate psychosis as a factor contributing
to cognitive deficits in schizophrenia. However, the nature of this relationship in individuals
with schizophrenia across time at various stages of the illness has not been explored.

More recently, attention has been paid to processing speed as it relates to schizophrenia. For
example, recent investigations suggest that deficits in processing speed may be somewhat
specific to schizophrenia and more severe than deficits in other cognitive domains [17]. A
recent meta-analysis [18] reported that the effect size for deficits in processing speed (as
measured by the Digit Symbol-Coding task) in individuals with schizophrenia (effect size =
−1.57) exceeded those typically found on standard measures of episodic memory (effect size
= −1.25) and executive function (effect size = −1.00). The authors suggested that this result
emphasizes the centrality of processing speed deficits in the schizophrenia syndrome [18].
To our knowledge, however, no studies have prospectively investigated processing speed
longitudinally over a long follow-up period.

With these issues in mind, the current research was designed to address the following
questions: 1) Do individuals with schizophrenia perform more poorly than individuals with
other psychotic disorders or non-psychotic depression on two key measures of cognitive
functioning at the acute phase of illness? 2) Does cognition improve or decline as patients
emerge from the acute phase for all groups on both cognitive measures? 3) Does cognition
decline among individuals with schizophrenia over time as they age? 4) Is psychosis
associated with greater cognitive decline?

Methods
Patient Characteristics

The data from the present study are derived from the Chicago Follow-Up Study, a
prospective longitudinal research program studying major dimensions of psychopathology,
including symptoms, longitudinal course of illness, and global outcome [19–24]. This study
was approved by the Human Subjects Review Committee, and subjects participated with
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informed, voluntary, written consent. The sample, diagnosed according to the Research
Diagnostic Criteria (RDC) [25], included 244 patients: 84 patients with schizophrenia (52
male, 32 female), 63 patients with other types of psychotic disorders (30 male, 33 female),
and 97 patients who at the acute phase of hospitalization had non-psychotic depression (36
male, 61 female). Patients with other psychotic disorders included 15 with psychotic
depression, 35 with psychotic bipolar disorders, and 13 with other types of psychotic
disorders, including unspecified functional psychosis and psychosis related to drug abuse.

Research diagnoses were based on structured diagnostic research interviews conducted at
index hospitalization, with these interviews including the Schedule for Affective Disorders
and Schizophrenia (SADS) [26] and/or the Schizophrenia State Inventory [27], plus
admission clinical diagnostic interviews and detailed inpatient observations. Inter-rater
reliability for the diagnosis of schizophrenia, using kappa, was K=.88. Subjects were
assessed prospectively at index hospitalization and at follow-ups six times over the next 20
years post index hospitalization (at 2 years, 4.5 years, 7.5 years, 10 years, 15 years, and 20
years).

The groups were matched for age at index hospitalization. Mean ages for the schizophrenia,
other psychotic disorders, and non-psychotic depression groups were 22.8, 23.1, and 23.2
years, respectively (F < 1, p = 0.76). The non-psychotic depression group had significantly
more years of education (mean = 13.8 years) than their counterparts with schizophrenia
(mean = 12.6 years). However, the schizophrenia participants did not differ from the other
psychotic disorders group (mean = 13.3 years) in years of education (F = 5.82, p < .005).
Forty-eight percent of the patients were male, with a higher percentage of male
schizophrenia patients (62%) and a higher percentage of female patients with non-psychotic
depression (63%). This type of sex ratio difference is typical for young patients with
schizophrenia and depression [28].

Post-hospital assessments at the 20-year follow-up were completed for 75% of the sample.
One hundred thirteen patients (46%) were studied at all 6 follow-ups over 20 years. An
additional 87 patients were studied at 5 of the 6 follow-ups, 49 of whom (56%) were studied
at the 20-year follow-up. Overall, 200 patients (92% of the current sample) were studied at 5
or 6 of the 6 follow-ups. The 84 patients with schizophrenia in the current research were
compared with a subsample of schizophrenia patients who were assessed at index
hospitalization and at the first follow-up but who were not reassessed at the 20-year follow-
up. These 2 groups did not differ significantly on major demographic variables or variable
related to pathology at the 2-year follow-up.

At the 20-year follow-up, 55% of schizophrenia patients were being treated with anti-
psychotic medications. A significantly smaller percentage of the patients with other
psychotic disorders (18%) were also being treated with anti-psychotics (x2 = 18.58, p < .
001). An additional 10% of the schizophrenia patients and 37% of the patients with other
psychotic disorders who were not being treated with anti-psychotics were being treated with
other medications. Our patient data are consistent with studies, including work by M.
Bleuler [29] and by the World Health Organization [30], reporting that a moderate
percentage of individuals with chronic schizophrenia are not taking anti-psychotic
medications a number of years into their illness.

To reduce the potential effects of long-term treatment, this sample was relatively young
when first assessed: the mean age of all patients at index was 23.1 years (SD = 3.9). Patients
entered the study as a young, non-chronic group: 53% of the patients were experiencing
their first hospitalization at index. Seventy-six percent of the sample had either one or no
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previous hospitalizations. At the 20-year follow-up, 21% of the schizophrenia patients were
39 years old or younger, 42% were 40–44, and 36% were 45–54.

Measures
Processing Speed—We were interested in measuring processing speed, which has been
suggested to represent one of the most significant cognitive impairments in schizophrenia
[18]. Processing speed was measured at index hospitalization and at each of the six follow-
up evaluations using the Digit Symbol-Coding subtest of the Wechsler Adult Intelligence
Scale (WAIS) [31]. The total number of correct items was the index of performance used in
subsequent analyses.

General Knowledge—Since we hypothesized that processing speed would be sensitive to
longitudinal changes in cognition and mental status, we also analyzed an additional
cognitive domain which was thought to be more stable over time in order to quantify and
compare potential changes across time. Therefore, we also measured patients’ ability to
access general knowledge, which was assessed using the Information subtest from the
WAIS. Similar to the processing speed measure, this subtest was administered at index
hospitalization and at each of the six subsequent follow-up evaluations. The total number of
correct items on the Information subtest was the index of performance.

Results
Longitudinal Measures of Cognition

A one-way analysis of variance (ANOVA) was conducted to determine whether the
diagnostic groups showed significant differences in processing speed at the acute phase of
hospitalization. A priori findings suggest that the groups differed significantly in processing
speed performance at Index Hospitalization [F (2,156) = 12.29, p < .001). A Newman-Keuls
post-hoc analysis revealed that individuals with schizophrenia (mean DS = 41.9) had the
slowest processing speed and were most impaired, while individuals with non-psychotic
depression (mean DS = 54.6) had the fastest processing speed and individuals with other
psychotic disorders (mean DS = 47.6) had processing speed that was intermediate between
the other two groups. Each group differed significantly from the others (non-psychotic
depression > other psychotic > schizophrenia) at Index Hospitalization.

We also conducted a one-way ANOVA of performance on our measure of access to general
knowledge to examine differences between diagnostic groups at Index Hospitalization.
Results of the ANOVA revealed significant between group differences on this measure [F(2,
170) = 5.23, p < .01]. Post-hoc analysis revealed that individuals with schizophrenia (mean
= 14.7) had the lowest scores on the general knowledge measure and were significantly
lower than the non-psychotic depression (mean = 17.4, p < .01) and other psychotic
disorders groups (mean = 17.7, p < .01) on this measure at Index Hospitalization. The other
psychotic disorders and non-psychotic depression groups did not differ significantly from
each other.

Next, differences in cognition over time as a function of diagnosis were assessed using a 3
(schizophrenia, other psychotic disorders, non-psychotic depression) × 6 (6 follow-up
assessments) mixed design repeated measures ANOVA. Performance on the processing
speed measure for each diagnostic group at each time point is shown in Figure 1. The
diagnostic groups differed significantly in processing speed performance [F (2,35) = 4.09, p
< .05]. In contrast to diagnostic differences, the effect of time of assessment after the acute
phase was not significant [F (5,175) = .63, p > .67], suggesting that after improvement from
the acute phase, none of the three diagnostic groups improved or declined significantly over
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time. Post-hoc analyses of potential diagnostic differences revealed that the non-psychotic
depression group always had the fastest processing speed, followed by the other psychotic
disorders group, with the schizophrenia group slowest at each follow-up (see Table 1).
Additionally, while schizophrenia patients were significantly slower than patients with other
psychotic disorders at the first three follow-ups, at the later follow-ups (10 years, 15 years,
and 20 years post-hospitalization), the other psychotic disorders and schizophrenia groups
did not differ significantly from each other. They were both significantly slower than the
non-psychotic depression group at all three of the later follow-ups.

We also examined the data measuring access to general knowledge at all follow-ups
following index hospitalization in the three diagnostic groups. As shown in Figure 2,
schizophrenia participants performed significantly more poorly than participants with non-
psychotic depression on this measure at 5 of the 6 follow-ups (all p’s < .02) and more poorly
than participants with other psychotic disorders at 4 of the 6 follow-ups (all p’s < .05).
Participants with other psychotic disorders and non-psychotic depression did not differ from
each other at any of the follow-ups.

Cognitive Changes Following the Acute Phase
To examine differences in cognition between index hospitalization and follow-up 2 years
later, we conducted paired-samples t-tests within each diagnostic group comparing
processing speed and access to general knowledge at the acute phase and at the 2-year
follow-up. Data are presented in Table 2. Results of the analysis for processing speed
indicated that schizophrenia participants improved significantly between the acute phase and
2-year follow-up (p < .001). Participants with other psychotic disorders and participants with
non-psychotic depression also improved significantly from the acute phase to 2-year follow-
up (p’s < .001). As shown in Figure 3, the majority of patients in each group showed some
improvement in processing speed between Index Hospitalization and the 2-year follow-up.
Regarding the data for access to general knowledge, schizophrenia participants again
demonstrated significant improvements (p < .03), but neither of the other two groups
showed significant change between the acute phase and 2-year follow-up (other psychotic
disorders: p > .95; non-psychotic depression: p = .07).

Cognitive Decline Across Time
To examine longitudinal changes on measures of neurocognition, we conducted repeated
measures ANOVAs within each diagnostic group (schizophrenia, other psychotic disorders,
non-psychotic depression) assessing processing speed and access to general knowledge at
each of the successive follow-up evaluations. Schizophrenia participants did not demonstrate
significant changes in processing speed across the six follow-ups [F (5,50) = 0.76, p > .58],
suggesting that cognition is somewhat stable in schizophrenia over time after the acute
phase. Processing speed in participants with other psychotic disorders [F (5,45) = 0.90, p > .
48] and participants with non-psychotic depression [F (5,80) = .73, p > .60) also did not
change significantly across the six follow-ups following the acute phase.

Association between Psychosis and Cognition
We next examined the association between psychosis and measures of cognitive functioning
among individuals with schizophrenia and other psychotic disorders. To do this, we
compared individuals who were psychotic to individuals who were non-psychotic at the time
of each follow-up evaluation. Schizophrenia patients who were psychotic had significantly
slower processing speed than those who were non-psychotic at 3 of the 6 evaluations (i.e.,
the 7.5-year, 10-year, and 20-year follow-ups), whereas significant differences in retrieval of
general knowledge (Non-Psychotic > Psychotic) were observed at 1 time point only (i.e., the
15-year follow-up). When similar analyses were performed for the other psychotic disorders
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group, we found significant differences in processing speed (Non-Psychotic > Psychotic) at
2 follow-up evaluations (i.e., the 10- and 20-year follow-ups), while no differences between
psychotic and non-psychotic individuals were observed for retrieval of general knowledge at
any of the 6 follow-up evaluations.

Discussion
The field currently has little information on the long-term course of neurocognitive
functioning among individuals with schizophrenia and other disorders. To address this need,
the present study was undertaken to investigate the longitudinal course of two measures of
neurocognition over a 20-year period following index hospitalization in individuals with
schizophrenia, other psychotic disorders, and non-psychotic depression. Data collections
such as the current one, involving multiple assessments of patients beginning early in the
illness and studied prospectively over a 20-year period, have not previously been available
to the field. Although other investigators have made important contributions in this area
[32–33], there have been very few prospective studies of cognitive stability in schizophrenia
with follow-up intervals greater than 10 years. Our results provide a unique opportunity to
examine long-term changes in cognition among individuals with schizophrenia as they age.
Below, we discuss our findings for each research question in further detail.

Do individuals with schizophrenia perform more poorly than other groups on measures of
cognition?

We measured processing speed and access to general knowledge in each group at index
hospitalization and at six subsequent follow-up evaluations over 20 years. At every time
point, schizophrenia participants had slower processing speed than the other diagnostic
groups, although differences did not always reach statistical significance. At certain time
points, processing speed in the schizophrenia group was significantly slower than in both of
the other groups, whereas at other time points the schizophrenia group only differed
significantly from the non-psychotic depression group. In general, the most dramatic
differences were observed at the earlier follow-up evaluations within the first 7.5 years,
whereas after this point differences between schizophrenia participants and the other groups
were somewhat diminished. Regardless, individuals with schizophrenia showed significantly
slower processing speed than one or both of the two psychiatric comparison groups at all
evaluations. Our data in this regard support mounting evidence of relative processing speed
deficits in schizophrenia [17,18,34]. However, such deficits do not appear to be unique to
schizophrenia, as individuals with other psychotic disorders also show similar impairments
when they are compared to individuals with non-psychotic disorders.

Similar to the processing speed findings, schizophrenia participants showed significantly
poorer performance than one or both of the other groups on the retrieval of general
knowledge measure at every follow-up evaluation. Once again, performance deficits in the
schizophrenia group were most pronounced at earlier follow-ups, whereas impairments
among schizophrenia participants relative to other diagnostic groups were somewhat
diminished at later follow-ups.

Does cognition in schizophrenia significantly improve (or decline) following the acute
phase?

Some controversy exists in the literature as to the course of cognition in schizophrenia as
patients emerge from the acute phase of illness [7–12]. We observed significant
improvements in processing speed among schizophrenia participants (as well as the other
diagnostic groups) between index hospitalization and the first follow-up evaluation two
years later. Indeed, the two-year improvement in processing speed among schizophrenia
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participants from acute phase to the 2-year follow-up represented the largest performance
gain between any two evaluations for all diagnostic groups. Additionally, we found
significant improvement in retrieval of general knowledge between index hospitalization
and the 2-year follow-up in individuals with schizophrenia, whereas the other two diagnostic
groups did not demonstrate such dramatic improvements over this time period.

Regarding the long-term trajectory of cognition in schizophrenia, two models have been
proposed. The neurodegenerative model posits a pattern of progressive cognitive decline in
schizophrenia following the first psychotic episode [35]. In contrast, the
neurodevelopmental model supports a notion of mild to moderate developmental
impairment in individuals with schizophrenia at the time of the first psychotic episode, after
which cognition is relatively static [36–37]. Still other researchers endorse a model that
hypothesizes the presence of both degenerative and neurodevelopmental processes [38].
Overall, there is general agreement in the literature for the neurodevelopmental theory of
schizophrenia, although it remains unclear whether certain aspects of cognition decline over
time.

Our data in this regard are supportive of a neurodevelopmental model of cognition in
schizophrenia and are in line with recent studies examining this question using longitudinal
research designs [7,39]. For example, Gold and colleagues [7] tested schizophrenia
participants at index hospitalization and at a 5-year follow-up evaluation. They reported
longitudinal improvements in a number of cognitive domains, including full scale IQ,
memory, and executive functioning. In accordance with the findings of Gold et al [7], we
found significant enhancements in cognition just two years after index hospitalization,
suggesting that the time course for cognitive improvement following the acute phase of
schizophrenia is relatively rapid. Our data provide a replication and extension of this work
by demonstrating that the cognitive improvement shown by schizophrenia participants
includes improvements in processing speed. Furthermore, our data demonstrate that such
improvements are maintained over a 20-year time period.

The acute phase of schizophrenia itself is often associated with considerable cognitive
impairment. However, once individuals with schizophrenia (and other psychiatric disorders)
emerge from the period of destabilization, their cognitive performance improves
substantially. Our data are consistent in this regard for all three patient groups. Our findings
support previous research suggesting that most individuals with schizophrenia experience
considerable cognitive impairment at the acute phase of hospitalization, with improvement
and relative stability as they recover [40]. Furthermore, we present evidence that this
stability lasts up to 20 years after initial hospitalization.

Does cognition in individuals with schizophrenia decline over time as they age?
The current study also explored longitudinal changes in two aspects of neurocognition over
a 20-year period in individuals with schizophrenia. Following the index hospitalization, both
processing speed and access to general knowledge in schizophrenia participants remained
relatively stable throughout the course of six follow-up evaluations conducted over 20 years.
Our findings are in line with a number of previous studies that have found evidence of
cognitive stability over time in schizophrenia [7–9,41–43]. A review of longitudinal studies
of this type [37] found no evidence of decline in cognitive function in schizophrenia and
concluded that following illness onset, and after patients emerge from and improve from the
decline associated with acute psychopathology, relative cognitive impairments in
schizophrenia appear to be stable over long periods of time.

Notably, there are indications in the literature that the longitudinal stability of cognition in
schizophrenia is dependent upon the age of the individuals under study. Specifically, recent

Bonner-Jackson et al. Page 7

Compr Psychiatry. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



findings suggest that cognitive functioning is more stable over time for younger individuals
with schizophrenia, whereas older individuals with schizophrenia tend to show more
pronounced cognitive decline between assessments [6,42]. For example, a prospective
longitudinal study of cognition among schizophrenia participants of various ages reported
that older schizophrenia patients experienced greater levels of cognitive decline over a 6-
year follow-up period than younger patients, and the pattern of cognitive decline among
schizophrenia patients differed from the pattern found in individuals with Alzheimer’s
disease [44]. The authors suggested that cognitive decline may accelerate when patients are
older (i.e., over 65), a factor which has been supported by other work in this field [13] and
has bearing on our findings. As our initial patient sample was young at index hospitalization
(mean age = 23 years) and was still relatively young at the most recent 20-year follow-up
assessment (mean age = 43 years), they may have been protected from such decline to this
point. However, one cannot exclude the possibility that our sample of schizophrenia
participants will experience a more rapid and pronounced cognitive decline later in life.
Additional follow-up information and research is called for to clarify this question.
Specifically, psychiatric and healthy control groups are needed to determine whether the rate
of cognitive decline among individuals with schizophrenia is equivalent to or more rapid
than that of other diagnostic groups. Such findings would have public policy implications
and would be relevant for clinicians who educate patients and their families regarding long-
term course of the illness.

Lastly, the question of practice effects on neurocognitive measures across time has been
debated. Dikmen and colleagues [45] found a change in scaled scores of less than 1 point on
the Digit Symbol-Coding subtest when assessed at a one-year interval. Furthermore,
McCaffrey et al. [46] reported no practice effects when this measure was administered four
times over varying intervals (1 week to 3 months). Notably, the shortest follow-up interval
in the present study was 2.5 years, which may minimize any practice effects. Additionally,
schizophrenia patients showed the same performance trajectory as the other groups,
suggesting that any practice effects present were demonstrated by all participants. Overall,
however, there is currently no consensus about this issue.

Is Psychosis Related to Measures of Neurocognitive Functioning in Schizophrenia?
We conducted analyses examining the relationship between psychosis and measures of
neurocognition to address the questions of whether cognitive deficits were related to
psychotic state, whether this relationship was similar in both groups with psychosis, and
whether this relationship was similar for different neurocognitive measures. Overall,
performance on measures of processing speed and general knowledge at the time of
evaluation was variably successful in differentiating psychotic from non-psychotic
individuals and depended on the measures used. Specifically, we found that at three of the
six follow-up evaluations, individuals with schizophrenia who were non-psychotic at the
time of assessment showed significantly better processing speed than individuals with
schizophrenia who were psychotic at the time of assessment. A similar result was obtained
for the individuals with other psychotic disorders, who showed significant processing speed
differences (non-psychotic > psychotic) at two of six follow-ups. Performance on the
measure of access to general knowledge only showed a limited relationship to psychosis.
Specifically, neurocognitive performance differentiated psychotic from non-psychotic
individuals on access to general knowledge at one of the follow-up evaluations in the
schizophrenia group. However, psychotic state did not differentiate psychotic from non-
psychotic individuals in the group with other psychotic disorders to a significant degree at
any of the follow-ups. We offer these findings as evidence of the relationship between
psychosis and processing speed (particularly in schizophrenia), as well as the sensitivity of
processing speed to psychosis.
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Furthermore, at later follow-up evaluations (10 years, 15 years, and 20 years) both the
schizophrenia participants and participants with other psychotic disorders showed
significantly slower processing speed than the non-psychotic depression group, although the
two groups with psychosis did not differ significantly from each other at these time points.
These data suggest that psychosis, in addition to other factors related to schizophrenia and
processes of normal aging, is often associated with poorer neurocognitive functioning,
particularly as individuals with psychosis grow older and have had the disease longer [47].
Additionally, it appears that at later follow-up evaluations, performance on two
neurocognitive measures is capable of differentiating the groups with psychosis from the
group without psychosis. Indeed, as described above we found differences on the two
measures of neurocognition (mostly in processing speed) between individuals with
schizophrenia who were psychotic and non-psychotic at the time of study. Furthermore, the
literature in this area contains evidence documenting the detrimental effect of psychosis
(particularly when untreated) on cognition [14,15], a phenomenon that some researchers
have attributed to putatively toxic effects of psychosis on the brain [48], although this
hypothesis has been challenged [49]. Studies directly comparing neuropsychological
performance of schizophrenia participants and participants with non-psychotic disorders
(such as depression) have also consistently found more severe impairments in schizophrenia
[16], implicating psychosis as a contributing factor to the more pronounced cognitive
deficits observed in this population. We suggest the possibility of a reciprocal effect
between vulnerability to slower processing speed (and poorer cognition) and vulnerability to
psychosis, with each having some negative effects on the other area.

Conclusions
The present study examined the longitudinal course of two neurocognitive functions in
individuals with schizophrenia and individuals with other psychiatric diagnoses
prospectively over a 20-year period. Our findings suggested that performance on two
measures of neurocognition was impaired in schizophrenia relative to other psychiatric
groups, particularly at evaluations earlier in the disease process. However, as patients
emerged from the acute phase, performance on neurocognitive measures improved
significantly in the schizophrenia group (as well as the other diagnostic groups), with
significant differences in cognition between the acute phase and the first follow-up
evaluation two years later for schizophrenia patients. Acute phase psychopathology impairs
cognition in schizophrenia, as well as more sensitive measures of cognition (such as
processing speed) in all types of psychiatric groups. Performance on measures of processing
speed and general knowledge remained stable for long periods of time following the acute
phase of illness and individuals with schizophrenia did not show greater cognitive decline
over time than other diagnostic groups as they aged, at least up to the age of 45 years.
Lastly, psychosis was associated with greater deficits in processing speed, particularly
among individuals with schizophrenia. The present study reported longitudinal performance
on two major aspects of neurocognition, although we did not have data on other cognitive
abilities over an extended period of time and cannot draw conclusions about cognition in
general in schizophrenia. Further research should be conducted to more fully characterize
long-term function in other cognitive domains in schizophrenia. Additionally, performance
on the Digit Symbol-Coding task measures multiple cognitive functions in addition to
processing speed. Thus, we cannot conclude that processing speed alone was changing
across time. It is also possible that neuroleptic medications had an effect on the cognitive
performance of the patient groups, particularly for the Digit Symbol-Coding task, which is
heavily reliant on processing speed. However, it is also possible that some patients would
have been impaired to a greater degree had they not been taking neuroleptic medications.
Overall, our findings in this regard lend additional clarity to the course of cognitive
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functioning in schizophrenia as well as the relationship between cognition and psychosis in
this population.
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Figure 1.
Processing speed at Index Hospitalization and six follow-up evaluations in each diagnostic
group
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Figure 2.
Performance on measure of accessing general knowledge at Index Hospitalization and six
follow-up evaluations in each diagnostic group
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Figure 3.
Percentage of patients from each diagnostic group showing improvement in processing
speed from Index Hospitalization to 2-year follow-up.
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Table 1

Differences in processing speed between diagnostic groups at each time point

F p-value Direction

2-Year Follow-Up 13.22 < .001 DEP > OPD > SCZ

4.5-Year Follow-Up 10.22 < .001 DEP = OPD > SCZ

7.5-Year Follow-Up 17.27 < .001 DEP > OPD > SCZ

10-Year Follow-Up 8.07 < .001 DEP > OPD = SCZ

15-Year Follow-Up 8.86 < .001 DEP > OPD = SCZ

20-Year Follow-Up 7.40 < .002 DEP > OPD = SCZ

SCZ = Schizophrenia; OPD = Other Psychotic Disorders; DEP = Non-Psychotic Depression

Note: A = symbol in the Direction column indicates that groups do not differ significantly
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Table 2

Comparison of processing speed performance and access to general knowledge at Index Hospitalization and 2-
Year Follow-Up within each diagnostic group

Processing Speed Initial Hospitalization 2-Year Follow-Up t p-value

Schizophrenia 40.7 (13.1) 48.5 (13.7) 4.03 < .001

Other Psychotic 47.7 (13.9) 56.1 (14.1) 4.41 < .001

Non-Psych Dep 56.0 (13.6) 62.2 (15.4) 3.94 < .001

Access to General Knowledge Initial Hospitalization 2-Year Follow-Up t p-value

Schizophrenia 15.1 (6.3) 16.1 (6.0) 2.42 < .05

Other Psychotic 17.6 (5.4) 17.6 (5.9) .05 NS

Non-Psych Dep 17.8 (5.0) 18.4 (5.1) 1.82 NS
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