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Objective: Follow-up studies of cognitive
functions of poor-outcome (long-term
institutionalized) elderly patients with
schizophrenia have demonstrated deterio-
ration over time, while stable cognitive
functions over time have been reported
for younger, better-outcome schizophrenic
patients. This study examined whether
cognitive changes in elderly schizophrenic
patients with a history of long-term institu-
tional stay extended to institutionalized
younger patients. The rate of decline was
compared to changes associated with Alz-
heimer’s disease.

Method: Patients with schizophrenia
(N=107) age 20–80 years were followed
over 6 years and assessed with the Clinical
Dementia Rating and the Mini-Mental
State Examination. The schizophrenic
subjects age 50 and older were compared
to 136 healthy comparison subjects and
118 Alzheimer’s disease patients age 50
and older who were assessed over a simi-
lar follow-up period.

Results: There was a significant age group
effect on the magnitude of cognitive de-
cline for the schizophrenic subjects, with
older subjects experiencing greater levels
of decline over the follow-up. Neither the
healthy individuals nor the Alzheimer’s
disease patients demonstrated similar age-
related differences in the magnitude of
cognitive change over the follow-up, with
healthy comparison subjects showing no
change and Alzheimer’s disease patients
manifesting decline regardless of age at
the initiation of the follow-up.

Conclusions: Institutionalized schizo-
phrenic patients demonstrated an age-
related pattern of cognitive change differ-
ent from that observed for Alzheimer’s dis-
ease patients and healthy individuals. The
cognitive and functional status of these
schizophrenic patients was fairly stable
until late life, suggesting that cognitive
change may not be occurring in younger
patients over an interval as long as 6 years.

(Am J Psychiatry 2001; 158:1441–1448)

Two recent follow-up studies of cognitive and adaptive
functions of institutionalized geriatric patients with
schizophrenia have demonstrated significant deteriora-
tion over follow-up periods averaging 30 months (1, 2). In
the first study, which used the Clinical Dementia Rating
(3) as the outcome measure, 160 long-term hospitalized
geriatric schizophrenic patients were followed (1). Ap-
proximately 30% worsened from a baseline of minimal-to-
mild cognitive and functional impairment to impairments
severe enough to warrant a secondary diagnosis of de-
mentia. The second study found cognitive decline—an av-
erage decrease of 3.8 points on the Mini-Mental State Ex-
amination (MMSE) (4)—over 2.5 years for 57 geriatric
schizophrenic patients followed up at a nursing home af-
ter discharge from long-term care at a psychiatric hospital
(2). Since these observations were made from a cohort of
elderly (age >64 years) patients with a history of very poor
lifetime functional outcome and long-term institutional
care, it is reasonable to question when these change pro-
cesses occur across the lifespan of poor-outcome schizo-
phrenic patients.

The magnitude of cognitive decline observed in these
geriatric patients in relatively brief follow-up periods sug-
gests that cognitive change across the lifespan of institu-
tionalized schizophrenic patients could not be a linear
process over the entire illness, as the observed rate of
change would have produced substantial cognitive im-
pairment at a far earlier age. Indeed, follow-up studies of
first-episode patients have demonstrated stability of neu-
ropsychological deficits early in the course of schizophre-
nia (5, 6), a finding consistent with much of the literature
reporting on younger and middle-aged patients (see Rund
[7] for a review). However, these findings of cognitive sta-
bility over time do not cancel out the idea that a subset of
schizophrenic patients may experience cognitive decline
before age 65. Cross-sectional studies of patients with very
poor outcome suggest the possibility of a modest decline
in cognitive functions that would require many years of
follow-up to detect (8), and studies of first-episode pa-
tients have found cognitive deficits that could reflect dete-
rioration in cognitive functioning (9). In addition, progres-
sive ventricular enlargement is seen in many different
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subgroups of nongeriatric patients with schizophrenia, in-
cluding adolescent patients with childhood-onset schizo-
phrenia (10), a subgroup of first-episode patients (11), and
middle-aged patients with a lifetime history of poor func-
tional outcome (12). Therefore, cross-sectional data may
implicate slow cognitive change in younger institutional-
ized schizophrenic patients, while follow-up studies have
indicated increased rates of cognitive change in older
institutionalized patients (1, 2). It is possible that these
differences reflect the phenomenon of normal aging in
which changes in cognitive functioning accelerate after
age 65 (13–17). However, it is unclear whether the pro-
cesses of normal aging could account for all the cognitive
changes seen in elderly schizophrenic patients because
previous follow-up studies of cognitive and functional de-
cline in this population (1, 2) did not utilize prospective
comparison groups of healthy individuals. Furthermore,
the high prevalence of cognitive and functional impair-
ments consistent with dementia in elderly institutional-
ized schizophrenic patients (8, 18, 19) raises questions
about the contribution of classic neurodegenerative dis-
eases such as Alzheimer’s disease. Findings from indepen-
dently collected small (19) and large (20) postmortem
series make this conclusion unlikely. Cross-sectional com-
parisons between the cognitive impairments of Alzhei-
mer’s disease patients and those of geriatric schizophrenic
patients have shown quite different profiles of cognitive
deficits (21, 22). Longitudinal comparisons of the course
of cognitive and functional decline in these two popula-
tions are lacking. It would be of interest to determine
whether the rate and predictors of cognitive and func-
tional change in these two populations are similar, even if
the specific profiles of cognitive deficits are different.

To study the course and predictors of cognitive decline
in institutionalized patients with schizophrenia, we con-
ducted a 6-year follow-up study of cognitive and functional
status in long-term hospitalized schizophrenic patients
ranging in age from 20 to 80 years at baseline. The longitu-
dinal data on the course of cognitive and functional status
were compared to data from equivalently aged healthy
comparison subjects and patients with probable Alzhei-
mer’s disease. This investigation sought to determine if the
cognitive and functional changes seen in older poor-out-
come patients with schizophrenia extended to younger pa-
tients who also have experienced long-term institutional
stay. The study included healthy elderly subjects to dem-
onstrate that the cognitive decline seen in elderly poor-
outcome schizophrenic patients is not due to simply the
effects of normal aging. Alzheimer’s disease comparison
subjects were included to determine if the course of cogni-
tive and functional changes in institutionalized patients
with schizophrenia was similar to the course of classic neu-
rodegenerative diseases such as Alzheimer’s disease.

Method

Subjects

Patients with schizophrenia. The study group of patients with
schizophrenia included 57 of the 308 geriatric patients (over age
65) and 50 of the 85 nongeriatric patients reported on by Davidson
et al. (8). The subjects from the nongeriatric cohort who could be
located received a second assessment at a mean follow-up interval
of 6.38 years after their initial assessment. The geriatric patients
had received biennial reassessments during a follow-up interval
similar to that for the younger subjects (mean interval=5.9 years).
Thus, the duration of the follow-up period for the older patients
was determined by the duration of follow-up of the younger pa-
tients. All schizophrenic subjects met DSM-III-R criteria for
schizophrenia on the basis of an extensive diagnostic work-up,
with rigorous exclusion on the basis of alternative neurological or
medical factors that might have produced their psychiatric or cog-
nitive symptoms. A complete description of the diagnosis and re-
cruitment of the patients in this research program has been pre-
sented previously (8, 21). Information from annual physical
examinations was used to eliminate patients who had developed
new-onset unstable medical or neurological conditions (e.g.,
stroke) that might have interfered with their cognitive functioning.

Alzheimer’s disease and healthy comparison subjects. The
schizophrenic subjects were compared to a group of 136 healthy
comparison subjects and to a group of 118 Alzheimer’s disease pa-
tients who had participated in the Consortium to Establish a Reg-
istry for Alzheimer’s Disease (Albert Heyman, M.D., principal in-
vestigator [23]), a large-scale study of the characteristics of
patients with Alzheimer’s disease. The purpose of the study was to
standardize the assessment of Alzheimer’s disease by using brief
and reliable clinical and neuropsychological measures. Patients
with a clinical diagnosis of Alzheimer’s disease and elderly nonde-
mented comparison subjects were enrolled into the longitudinal
study from 21 university medical centers from April 1987 through
November 1988. Assessments were obtained at entry and annually
thereafter to the extent possible. In our study, we used the data-
base of the Consortium to Establish a Registry for Alzheimer’s Dis-
ease (available from Albert Heyman, M.D.) to match patients with
schizophrenia to healthy comparison subjects and to patients
with Alzheimer’s disease. The comparison and Alzheimer’s disease
subjects were chosen on the basis of having prospectively derived
data on cognitive functioning over an approximately 6-year fol-
low-up interval. The data selected from the database included re-
sults of cognitive assessments and demographic information. Pa-
tients with Alzheimer’s disease were selected only if their global
Clinical Dementia Rating score was 1.0 (mild, but definite demen-
tia) or less at the time of their first assessment. This criterion was
used to identify a group who would be likely to show characteristic
patterns of cognitive and functional decline for the entire 6-year
period, without reaching a “floor” level of functioning.

Assessments

The subjects were assessed with the Clinical Dementia Rating (3),
a staging scale for the severity of cognitive and functional impair-
ments in dementia. The scale assesses impairment in six categories
of functioning (memory, orientation, judgment and problem solv-
ing, community affairs, home and hobbies, and personal care) on a
graduated scale (0=absent, 0.5=questionable, 1=mild, 2=moderate,
3=severe, and 4=profound). From the outset of our schizophrenia
follow-up study, we completed the Clinical Dementia Rating by us-
ing the same instructions and procedures as were used in the Con-
sortium to Establish a Registry for Alzheimer’s Disease project. Rat-
ers evaluated information from patients’ charts and the results of a
neuropsychological assessment and other focused rating scales and
then generated Clinical Dementia Rating item and global scores by
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using formal rating criteria. The interrater reliability of the Clinical
Dementia Rating in patients with schizophrenia (24) was high
(intraclass correlation coefficient=0.86).

Clinical symptoms were rated only in the schizophrenic pa-
tients by using the Positive and Negative Syndrome Scale (25).
The Positive and Negative Syndrome Scale contains 30 items;
seven of the 30 items rate positive symptoms, seven rate negative
symptoms, and 16 assess “general psychopathology.” The rating
procedures and the reliability of the assessments in this study
group of schizophrenic patients have been described previously
(8). Reliability was maintained through regular consensus meet-
ings to avoid drift in ratings.

In addition, the subjects’ cognitive functioning was assessed
with the MMSE, a screening tool that allows quantitative assess-
ment of the severity of cognitive impairment associated with de-
mentia (4). The MMSE is scored on a 30-point scale and assesses
several domains of cognitive function, including word list regis-
tration and recall, attention, calculation, language, and visual
construction. The instrument has shown extremely high levels of
interrater reliability and test-retest reliability in this group of pa-
tients with schizophrenia (24, 26).

Analyses

The three subject groups (patients with schizophrenia, healthy
subjects, and subjects with Alzheimer’s disease) were divided into
four groups on the basis of age at the baseline assessment (50–64,
65–69, 70–74, and 75–80 years). Additional data were available for
the schizophrenic patients in the 20–39-year and 40–49-year age
groups. A dichotomous variable was created from the Clinical De-
mentia Rating scores to facilitate the determination of new-onset
cognitive and functional decline. In this analysis, patients were
grouped on the basis of their baseline Clinical Dementia Rating
scores. Following a previously used convention (1), we considered
patients with baseline scores of 1.0 (mild cognitive and functional
impairment) or less to be less impaired, and these patients were
the focus of the follow-up to determine the course of worsening
in their cognitive and functional status. In normal individuals
with a history of adequate cognitive functioning and functional
adjustment, a score of 1.0 would necessarily reflect a previous de-
cline in functioning. However, in patients with schizophrenia,
cognitive functioning at the time of the first episode is often
grossly impaired (5, 6), and a score of 1.0 would be possible at that
time. Worsening in global functional status was defined as having
a Clinical Dementia Rating score at a subsequent follow-up of 2.0
(moderate cognitive and functional impairment) or greater. Pa-
tients with a baseline score of 2.0 or more were not examined for
decline in functioning because these patients already met criteria
for significant cognitive and functional impairment and because
it is not clear if changes from a score of 2.0 to 3.0 (severe cognitive
and functional impairment) are as significant as changes from 1.0
or less to 2.0. Since the Clinical Dementia Rating is an ordinal
scale, the increment in impairment from 1.0 to 2.0 is defined dif-
ferently from the increment from 2.0 to 3.0. The ordinal nature of
the scale also precludes the use of statistical tests of the signifi-
cance of the difference of average scores.

Proportional risk rates for cognitive and functional decline
over the follow-up were calculated separately for the schizo-
phrenic, healthy, and Alzheimer’s disease subjects within each
age group. The number of subjects with a decline (designated by
a progression from a baseline Clinical Dementia Rating score of
1.0 or less to a follow-up score of 2.0 or more) within each age
group was divided by the total number of subjects. Proportional
risk rates for the schizophrenic, healthy, and Alzheimer’s disease
subjects were then compared by using z tests for the significance
of the difference between proportions.

To quantify more precisely the extent of global cognitive de-
cline, change scores on the MMSE were calculated for each sub-

ject over the follow-up interval. Analysis of variance (ANOVA)
with a 4-by-3 factorial design was employed to examine effects of
the interaction between age group and subject group (healthy,
schizophrenic, Alzheimer’s disease) on the magnitude of MMSE
change over the follow-up (excluding the younger schizophrenic
patients). Simple effects tests were then employed to determine
the significance of the main effect of age group on the interval
change score for the MMSE within each subject group separately.

Results

Table 1 shows the number of healthy, schizophrenic, and
Alzheimer’s disease subjects with follow-up data and the
mean follow-up interval and years of education in each age
group. The mean follow-up intervals for the overall subject
groups were 6.13 years (SD=0.25) for the healthy compari-
son group, 5.91 years (SD=0.94) for the schizophrenic group,
and 5.24 years (SD=0.67) for the Alzheimer’s disease group, a
significant difference among groups (F=81.44, df=2, 359,
p<0.001). Post hoc comparisons showed that the Alzheimer’s
disease group had a significantly shorter follow-up interval
than the schizophrenic group and the healthy comparison
group (p<0.001, Scheffé, for both comparisons), but there
was no difference between the schizophrenic and healthy
comparison groups (p=0.91, Scheffé). Mean levels of educa-
tion differed significantly among the three groups (F=63.13,
df=2, 358, p<0.01); the healthy comparison subjects were the
best educated (mean=14.6 years, SD=2.9), followed by the
Alzheimer’s disease subjects (mean=13.5 years, SD=3.3) and
the schizophrenic subjects (mean=10.4 years, SD=2.7).
ANOVAs also demonstrated a significant effect of age group
on the level of education within the schizophrenic group (F=
5.33, df=5, 101, p<0.001) and the Alzheimer’s disease group
(F=4.98, df=3, 114, p=0.003), with the younger patients being
better educated than the older patients. Table 2 presents
mean baseline MMSE scores by age group at baseline for the
healthy comparison, schizophrenic, and Alzheimer’s dis-

TABLE 1. Characteristics of Healthy Comparison Subjects,
Patients With Schizophrenia, and Patients With Alzhei-
mer’s Disease in a 6-Year Follow-Up Study of Changes in
Cognitive and Functional Status

Subject Group and Age Group
at Baseline (years) N

Years of
Follow-Up 

Years of
Education

Mean SD Mean SD
Healthy comparison subjects

50–64 44 6.17 0.28 15.6 2.7
65–69 40 6.08 0.30 14.4 3.0
70–74 32 6.08 0.22 14.0 3.4
75–80 20 6.12 0.37 15.6 2.1

Patients with schizophrenia
20–39 19 6.40 0.31 12.2 1.9
40–49 18 6.50 0.41 11.5 3.1
50–64 13 6.20 1.35 10.3 1.0
65–69 19 5.80 0.93 9.4 2.7
70–74 18 5.74 0.70 8.9 3.1
75–80 20 6.00 0.85 9.5 2.3

Patients with Alzheimer’s disease
50–64 26 5.30 1.04 15.1 3.3
65–69 31 5.05 1.13 13.8 2.5
70–74 34 5.25 0.79 10.5 2.7
75–80 27 5.22 0.42 13.5 4.3
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ease subjects and Positive and Negative Syndrome Scale
scores for the schizophrenic subjects. ANOVA demonstrated
significant differences in baseline MMSE scores among the
three subject groups (F=147.21, df=2, 359, p<0.001). Post hoc
comparisons showed that the schizophrenic group had a
significantly lower baseline MMSE score than either the
healthy comparison group or Alzheimer’s disease group
(p<0.001, Scheffé, for both comparisons). Hence, subse-
quent analyses controlled for these differences.

Since only the schizophrenic subjects who were avail-
able to be reassessed after the average 6-year follow-up in-
terval were included in the analysis of cognitive change,
there is the possibility that the magnitude of cognitive
decline was influenced by the noninclusion of subjects
who had not, or could not, complete 6 years of follow-up.

Therefore, we compared the baseline characteristics of the
schizophrenic patients who were and were not reassessed
at the follow-up. Subjects who were not followed up were
divided into two groups: those who died and those who
were lost to follow-up owing to relocation, refusal, or de-
velopment of a new medical illness potentially affecting
cognitive functioning. Forty-eight of the 308 geriatric
schizophrenic patients in the original cohort (8) had died,
and 201 were lost to follow-up. The schizophrenic subjects
who were followed up did not differ in level of education,
baseline MMSE score, and Positive and Negative Syn-
drome Scale positive and negative symptom scores from
those who were lost to follow-up (t<1.5, df=258, p>0.1 for
all comparisons) or from those who had died (t<1.5, df=
105, p>0.1 for all comparisons).

The risk for cognitive and functional decline over the
follow-up interval in each age group was calculated for the
subjects with higher functioning at baseline (Clinical
Dementia Rating <2.0) within each of the three subject
groups. At baseline, 45 of the 107 schizophrenic subjects
(all over the age of 65) met criteria for significant cognitive
and functional impairment (Clinical Dementia Rating
≥2.0), leaving 62 subjects whose ratings could be followed
for subsequent decline in functioning. At baseline, be-
cause of the selection processes, all 136 healthy compari-
son subjects and 118 of the Alzheimer’s disease subjects
had baseline Clinical Dementia Rating scores <2.0.

Figure 1 illustrates the proportional risk for cognitive and
functional decline, as defined by an increase in Clinical De-
mentia Rating scores to ≥2.0, as a function of age for the
schizophrenic subjects, including the youngest patients,
over the entire follow-up. Below age 65 the proportional risk
for cognitive and functional decline was negligible (e.g.,
5.7% before age 40 and 0% between ages 40 and 65). Above
age 65, the proportional risk began to rise such that between

TABLE 2. Baseline Mini-Mental State Examination Scores of Healthy Comparison Subjects, Patients With Schizophrenia,
and Patients With Alzheimer’s Disease in a 6-Year Follow-Up Study of Changes in Cognitive and Functional Status and
Symptom Scores of Patients With Schizophrenia

Subject Group and Age Group
at Baseline (years)

Baseline Mini-Mental 
State Examination Score

Baseline Positive and Negative Syndrome Scale Score

Positive Symptoms Negative Symptoms

N Mean SD Mean SD Mean SD
Healthy comparison subjects

50–64 44 29.6 1.0
65–69 40 29.3 0.9
70–74 32 29.0 1.2
75–80 20 29.3 1.0

Patients with schizophrenia
20–39 19 25.6 3.3 21.2 6.7 21.3 5.7
40–49 18 22.9 4.9 22.6 6.1 25.8 9.1
50–64 13 18.3 7.4 25.2 6.5 24.5 6.5
65–69 19 16.4 8.3 19.7 6.3 29.3 8.7
70–74 18 11.0 10.5 20.1 5.3 29.1 11.8
75–80 20 11.7 9.2 17.7 7.9 30.3 7.9

Patients with Alzheimer’s disease
50–64 26 20.0 4.5
65–69 31 20.3 4.1
70–74 34 22.3 3.6
75–80 27 21.7 2.7

FIGURE 1. Proportional Risk for Cognitive and Functional
Declinea Over a 6-Year Follow-Up Period Among Patients
With Schizophrenia (N=107)

a Decline defined by an increase in Clinical Dementia Rating score
from <2.0 (mild or no impairment) at baseline to ≥2.0 (moderate or
more severe impairment) at follow-up. All patients had mild or no
impairment at baseline.
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ages 65 and 70, the risk was 37.5%; between ages 70 and 75,
it was 75.0%; and between ages 75 and 80, it was 100%.

The age-associated proportional risk rates of cognitive
and functional decline over the follow-up interval for the
schizophrenic subjects over the age of 50 were then com-
pared with the rates for the same age groups of healthy
comparison and Alzheimer’s disease subjects by using z
tests for the significance of the difference between propor-
tions (Figure 2). From age 50 to age 65 the schizophrenic
subjects showed no significant differences from the healthy
comparison subjects in proportional risk rates of cognitive
and functional decline (z=0, p>0.1). By age 70 the schizo-
phrenic subjects demonstrated consistent significantly
greater proportional risk rates of cognitive and functional
decline over the follow-up interval compared to healthy
subjects (z>2.00, p<0.001, for all comparisons). Compared
with the Alzheimer’s disease subjects, the schizophrenic
subjects demonstrated significantly lower proportional
risk rates for cognitive and functional decline over the fol-
low-up (z>2.00, p<0.001, for all comparisons) until age 75,
when the rates did not differ (z=1.25, p=0.21).

The next set of analyses investigated the effect of the
interaction of age and subject group on MMSE interval
change scores (Figure 3). Since mean level of education
and baseline MMSE scores were different between subject
groups, analysis of covariance (ANCOVA), with the number
of years of education and baseline MMSE scores as covari-
ates, was used for these analyses. The results showed that
the interaction of age and subject group had a significant
effect on MMSE interval change scores (F=4.76, df=6, 199,
p<0.001). Baseline MMSE scores exerted a significant cova-
riate effect (t=3.9, p<0.001), whereas level of education did

not (t=0.66, p=0.51) (df not available for covariate). To de-
termine which subject group showed the significant main
effect of age on MMSE change scores, simple effects tests
were used. These analyses demonstrated significant age
effects on MMSE interval change scores for the schizo-
phrenic subjects (F=6.04, df=6, 199, p=0.02), with the older
schizophrenic subjects showing greater decline in MMSE
scores over the follow-up than the younger subjects. No
such age effect on MMSE change scores was seen for the
healthy comparison group (F=0.18, df=6, 199, p=0.16) or
the Alzheimer’s disease patients (F=2.7, df=6, 199, p=0.19).
Planned comparisons with the experiment-wise error term
within the schizophrenic group demonstrated that the age
effect on MMSE interval change scores was significant
when subjects were split into two age groups: 50–64 years
and 65–80 years (F=10.99, df=2, 199, p=0.01).

Since the older schizophrenic patients demonstrated
higher levels of negative symptoms (Table 2), it is possible
that the magnitude of cognitive decline observed in the
older schizophrenic subjects was overestimated. There-
fore, the ANCOVA examining the effect of age on MMSE
interval change scores was recalculated by using baseline
and change in negative symptom scores over the interval
as the covariates. The main effect of age on MMSE score
decline remained significant after covarying for baseline
(F=3.7, df=5, 83, p=0.005) and change scores (F=3.17, df=5,
83, p=0.01) on the Positive and Negative Syndrome Scale
total negative syndrome subscale.

Discussion

The study results show different age-related patterns of
cognitive change in institutionalized schizophrenic pa-
tients compared with Alzheimer’s disease patients and
healthy comparison subjects over age 50. The results also

FIGURE 2. Proportional Risk for Cognitive and Functional
Declinea Over a 6-Year Follow-Up Period Among Healthy
Comparison Subjects, Patients With Schizophrenia, and Pa-
tients With Alzheimer’s Disease

a Decline defined by an increase in Clinical Dementia Rating score
from <2.0 (mild or no impairment) at baseline to ≥2.0 (moderate or
more severe impairment) at follow-up. All patients had mild or no
impairment at baseline.
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demonstrate that the progressive cognitive decline experi-
enced by poor-outcome schizophrenic patients is not a
linear process across the lifespan and that the rate of cog-
nitive change accelerates beyond age 65. These findings
may help explain the variations in neuropsychological
findings from longitudinal and cross-sectional studies
(see reference 27 for review). As has been demonstrated
previously, the neuropsychological functions of schizo-
phrenic patients are fairly stable early in the course of ill-
ness (5, 6), leading some researchers to conclude that cog-
nitive functions are stable over the entire lifespan (7).
However, longitudinal studies of truly elderly patients with
schizophrenia are actually fairly rare and have been lim-
ited to poor-outcome patients (1, 2). In this study, we ex-
amined a younger group of patients with a very poor prog-
nosis who were selected for their similarity to the geriatric
patients, who were more cognitively and functionally im-
paired at baseline than the younger patients typically in-
cluded in previous studies. Despite this matching strategy,
we failed to detect cognitive change in the younger pa-
tients with schizophrenia. Hence, even in poor-outcome
schizophrenic patients, progressive cognitive change is
not apparent in younger individuals. Thus, the results of
this study suggest that cognitive decline over a follow-up
as long as 6 years in poor-outcome patients with schizo-
phrenia is limited to those over age 65.

While an interaction between age at the beginning of the
follow-up period and extent of cognitive change over an
ensuing 6-year period was observed for the schizophrenic
subjects, the Alzheimer’s disease subjects experienced a
precipitous drop in cognitive performance over the follow-
up regardless of baseline age. This is consistent with other
data demonstrating that the annual rate of cognitive
change does not significantly vary with age at onset in pa-
tients with Alzheimer’s disease (28–30). Longitudinal stud-
ies of Alzheimer’s disease patients demonstrate an average
annual rate of decline on the MMSE between 2 and 5
points (31–36), with an average of 3 points per year over the
typical 10-year course of the illness. This annual rate of de-
cline is markedly greater than that occurring, on average,
for the oldest schizophrenic patients in this study, who had
an average decline of 1 point per year over the 6-year fol-
low-up study. These data suggest differences in both the
lifetime course of cognitive and functional decline and in
the annualized amount of decline between patients with
schizophrenia and those with Alzheimer’s disease.

To help disentangle the influence of normal aging on
the cognitive decline of schizophrenia, a healthy compari-
son group was examined in this study. While the healthy
group had a slight cognitive change with advancing age,
the change did not reach statistical significance nor was its
magnitude close to that observed for the schizophrenic
group. This finding replicates the findings of population
studies in which a modest degree of cognitive decline is
observed in normal elderly persons (15, 37–40). For exam-
ple, the Baltimore area Epidemiologic Catchment Area

study (15), with 1,488 participants, found a mean decline
on the MMSE of 2.62 points and 3.23 points over an 11.5-
year follow-up period for normal subjects aged 61–70
years and aged ≥71 years, respectively. The schizophrenic
patients in our study within the same age groups demon-
strated prorated annual rates of MMSE decline that were
2.3 and 3.5 times faster, respectively.

Other factors that may have contributed to the observed
differences in changes in cognitive and functional status
between the subject groups include level of motivation,
educational background, exposure to neuroleptics and
other somatic treatments, selective subject attrition, and
test-retest fluctuations. Motivation differences between
groups were unlikely to have produced the observed re-
sults because the poor-outcome schizophrenic patients
had previously demonstrated a distinct pattern of differ-
ential cognitive deficits, compared to both patients with
Alzheimer’s disease (20) and healthy subjects (41), rather
than the global suppression of all domains of cognitive
functioning that might reflect lack of motivation.

Prior treatment with leukotomy, insulin coma, and ECT,
as well as current exposure to neuroleptic medication,
have been shown to have no adverse effect on current cog-
nitive functioning as measured by the MMSE at the base-
line assessment of these patients (8). Differential loss of
potentially available patients is not a probable source of
overestimation of cognitive decline because the group
who did not complete the 6-year follow-up did not differ
significantly from those who did in baseline levels of edu-
cation, symptoms, or cognitive functioning. Furthermore,
previous longitudinal studies of the evolution of cognitive
decline in older persons have demonstrated that ignoring
missing data owing to attrition leads, if anything, to an un-
derestimation of the true extent of cognitive decline (42).

Since the schizophrenic group was significantly less ed-
ucated than either the healthy comparison group or Alz-
heimer’s disease group, especially among the oldest sub-
jects, the effect of education was also considered. To
examine the effects of age and education, multiple sets of
normative data have been produced for the MMSE (43–
47). Age- and education-specific reference values for the
MMSE from 7,754 subjects (43) demonstrated that normal
persons with even lower levels of education (grade 5–8)
than the schizophrenic subjects in this study had consis-
tently higher MMSE scores in the age ranges of 65–69 years
(26.9 versus 16.4), 70–74 years (27.0 versus 11.0), and 75–
79 years (26.4 versus 11.7).

Finally, the question of whether the MMSE is able to re-
flect true cognitive decline over time needs to be ad-
dressed. It is worth noting that test-retest reliability esti-
mates over short intervals have generally been quite high
for the MMSE, even in patients with Alzheimer’s disease.
Studies with more extended test-retest intervals (1–2
years) with cognitively intact subjects have demonstrated
relatively small amounts of change over the follow-up in-
terval; these changes were usually within two points and
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were not statistically significant (46). This level of test-re-
test fluctuation is considerably smaller than the amount of
MMSE change observed in the older schizophrenic sub-
jects and could not account for all the change. In fact, low
scorers, such as the patients with schizophrenia in this
study, would be expected to improve with retesting be-
cause of regression to the mean and possible practice ef-
fects. This would have reduced the magnitude of the
decline detected at a reassessment.

It may be argued that the results of this study are limited
because of the use of gross measures of cognitive func-
tions, such as the MMSE and the Clinical Dementia Rat-
ing. Conceivably, a more extensive battery may have
found more subtle changes. However, the relative insensi-
tivity of the MMSE and the Clinical Dementia Rating may
make the findings of cognitive change much more clini-
cally relevant. Furthermore, while individual subscores
within specific, more sophisticated cognitive tests are cer-
tainly useful because they give an indication of an individ-
ual’s cognitive profile, these psychometric tests may be
limited by insensitivity owing to floor effects in severely
impaired schizophrenic patients. For example, patients
may score 0 on a specific cognitive test and hence no
longer produce valid data, yet continue to progress in se-
verity in a manner detectable by the Clinical Dementia
Rating.

Another limitation of this study is that the schizophrenic
subjects had been long-term institutionalized and clearly
differed from patients who live independently in the com-
munity and who are more likely to participate in studies.
Although clearly not in the majority, the long-term insti-
tutionalized subset of patients with schizophrenia still rep-
resents a fairly large cohort. Approximately 200,000 geriat-
ric schizophrenic patients reside in nursing homes (47–49)
that primarily serve custodial care functions (50), and these
patients have severe cognitive and functional deficits (51,
52). More than a decade ago, it was estimated that nursing
home care accounted for 29% of national expenditures on
behalf of treatment of mentally ill persons (53). In view of
the consequences of cognitive impairment for the quality of
life, level of functional disability, and mortality of patients
with schizophrenia, the evolution of severely impaired cog-
nitive functioning in subsets of schizophrenic patients de-
serves continued attention. Should this issue remain ig-
nored and treatments underinvestigated, then long-term
institutionalization and nursing home placement will con-
tinue to be a costly part of the mental health care system.
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