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Abstract
Objectives—The objectives of this study are to determine the effect of aging, schizophrenia, and
their interaction on cognitive function.

Design—Cross-sectional controlled study.

Setting—Community-living.

Participants—235 subjects with schizophrenia aged 19-79 and 333 comparison subjects aged
20-81.

Measurements—The Measurement and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB).

Results—Older age was associated with poorer performance on 9 of 10 MCCB tests in both
subjects with schizophrenia and comparison subjects. Subjects with schizophrenia were impaired
relative to comparison subjects on each of the 10 tests. However, there was no interaction between
aging and schizophrenia on any test. Essentially the same results were observed when analyzing
performance on the seven MCCB cognitive domains and MCCB global composite score.

Conclusions—Consistent with other reports, schizophrenia appears to be a disorder marked by
generalized cognitive dysfunction. However, the rate of cognitive decline appears to be similar to
that observed in healthy comparison subjects. They do not experience acceleration in cognitive
aging which supports the hypothesis that schizophrenia is a syndrome of premature aging.
Longitudinal studies including very old patients are needed to confirm and extend these findings.
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Objective
Cognitive deficits in schizophrenia are common, core features, and among the strongest
predictors of functional disability (1). Functional disability contributes up to half of the costs
in the treatment of schizophrenia (2) and these costs are particularly high as individuals with
schizophrenia grow old (3). Considering that by 2025, 20% of individuals with
schizophrenia will be age 65 or older (4), characterizing cognitive function and determining
whether cognitive aging is accelerated in older individuals with schizophrenia, has a critical
public health significance.

About 80% of older individuals with schizophrenia are community-dwellers (5). However,
most of the longitudinal and controlled cross-sectional studies of cognition in older
individuals with schizophrenia have assessed either chronically institutionalized individuals
or a heterogeneous group of institutionalized and community-dwelling individuals. Hence,
the generalizability of the findings from these studies to typical older community dwelling
individuals with schizophrenia is limited. Further, due to the severe cognitive impairment
observed in the institutionalized individuals, the cognitive assessment in such studies has
been limited to brief cognitive screening measures that were developed originally to assess
cognitive function in dementia (for a review, see (6). Hence, it is not possible to compare the
findings from these studies with those from studies of younger individuals with
schizophrenia who are typically assessed with traditional, comprehensive cognitive batteries.

With respect to the few studies that assessed cognition in exclusively community-dwelling
older individuals with schizophrenia, they used global or screening measures of cognitive
function (7-12); included samples in mid to late life rather than a fuller range of late life ages
(13-18); or had both of these limitations (19-24). Further, 14 of these 18 publications came
from one research group (for a review, see (6)). One cross-sectional study assessed three
groups of community-dwelling individuals with schizophrenia aged 50-59, 60-69, and 70-85
and age-matched healthy comparison subjects. While this study showed an effect of both
age and schizophrenia on cognition, it did not show an interaction between the two (25).
Another cross-sectional study assessed four groups of community-dwelling individuals with
schizophrenia aged 40-49, 50-59, 60-69, and 70 or above and two groups of healthy
comparison subjects. This study found an interaction between aging and schizophrenia on
speed of processing and verbal learning in the oldest group, aged 70 or above (26).
However, both of these studies did not compare older with younger adults

To address these limitations in the literature and understand the effects of aging,
schizophrenia, and their interaction on cognitive function, this study analyzed cognitive data
obtained using the comprehensive Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB) in 235
community-dwelling subjects with schizophrenia aged 19-79, and 333 comparison subjects
aged 20-81. Based on the available literature (for review, see (6)), the a priori hypotheses
were that there would be aging and schizophrenia effects on all cognitive domains and there
would be an interaction effect on speed of processing and visual memory, such that relative
to comparison subjects, impairment in these domains would significantly increase across the
decades in older subjects with schizophrenia.
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Considering the growing use of the MCCB, this study also contributes uniquely in extending
the available data on the MCCB to old age in both subjects with schizophrenia and
comparison subjects.

Methods
This study analyzed data obtained at the Centre for Addiction and Mental Health (CAMH)
in Toronto, Canada, and during the MATRICS Psychometric and Standardization Study
(PASS) (27, 28). Of 235 subjects with schizophrenia, 59 subjects aged 50 and above were
recruited and assessed at CAMH, and 176 subjects were assessed during PASS. Of 333
comparison subjects, 33 aged 50 and above were recruited and assessed at CAMH and 300
were assessed during PASS. The methods used during MATRICS PASS are described in
details in (27, 28). Thereafter, subjects assessed during the MATRICS PASS are referred to
as MATRICS subjects, while those assessed at CAMH are referred to as CAMH subjects.

Setting and Subjects
CAMH is an academic hospital that provides psychiatric care to the Toronto urban
population and serves as a tertiary referral center for a large suburban and rural population.
CAMH subjects were recruited between May 2007 and November 2010 from
advertisements and referral from providers. The study was approved by CAMH Research
Ethics Board. All subjects signed a written informed consent.

Eligibility criteria for CAMH subjects with schizophrenia were: (1) age 50 years or above;
(2) meeting DSM-IV TR criteria for a current diagnosis of schizophrenia or schizoaffective
disorder; (3) clinically stable as operationalized by (a) not having been hospitalized within 3
months and (b) having had no change in antipsychotic medication dosage within 4 weeks
prior to assessment; (4) ability and willingness to speak English; (5) corrected hearing and
visual acuity; (6) ability and willingness to provide written informed consent; (7) not
meeting criteria for a cognitive disorder secondary to a neurological disease or brain injury;
(8) Mini-Mental State Examination (MMSE) (29) score of 18 or above because individuals
with very low MMSE scores are unlikely to be able to complete a neuropsychological
battery such as the MCCB; (9) not having a current major depressive or manic episode; (10)
no alcohol or other substance use within the past 6 months; and (11) no electroconvulsive
therapy within 6 months prior to assessment.

Eligibility criteria for CAMH comparison subjects were as above except that: (1) they did
not meet any DSM IV TR psychiatric diagnosis except for simple phobias or an adjustment
disorder; (2) they were not taking any psychotropic medication except for hypnotic at a
stable dose for at least 4 weeks, and (3) they had no history of a primary psychotic disorder
in a first-degree relative.

The setting and eligibility criteria for MATRICS subjects were not appreciably different
from those for CAMH subjects except for the diagnosis criterion.

Measures
Clinical measures—Diagnosis was confirmed through the Structured Clinical Interview
for DSM-IV Disorders. For CAMH subjects symptoms were assessed with the Positive And
Negative Syndrome Scale (PANSS) for schizophrenia (30).

Cognitive measures—All subjects were administered the MCCB. The MCCB was
developed using a structured consensus process and findings from the MATRICS PASS
Phase 1 that was conducted in community-dwelling individuals with schizophrenia (27).
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Normative data were then generated in PASS Phase 2 using community samples of
comparison subjects (28). The MCCB consists of ten tests that were administered in the
same order as in the MATRICS PASS: Trail Making Test - Part A (TMA); Brief
Assessment of Cognition in Schizophrenia Digit-Symbol-Coding (DSC); Hopkins Verbal
Learning Test-Revised (HVLTR); Visual Memory Spatial Span (SS); Letter-Number Span
(LNS); Neuropsychological Assessment Battery (NAB): Mazes (Mazes); Brief Visuospatial
Memory Test-Revised (BVMTR); Category Fluency Test (CFT); Mayer-Salovey-Caruso
Emotional Intelligence Test: Managing Emotions (MSCEIT); and Continuous Performance
Test-Identical Pairs (CPT-IP). For CAMH subjects, the MCCB was administered by
master’s degree level psychologists who received on-going supervision by a senior
neuropsychologist (M.A.B.) in the administration of neuropsychological tests.

Data Analysis
First, demographic and clinical characteristics of CAMH subjects with schizophrenia were
compared to those of CAMH comparison subjects using chi-square, t-tests, and Mann-
Whitney-Wilcoxon as appropriate. Next, mean raw scores of each of the ten MCCB tests
from CAMH subjects with schizophrenia and contols were compared using independent
samples t-tests. Differences of means and their confidence intervals (CI’s) were calculated.
Second, to assess the effects of schizophrenia, aging, and their interactions on cognitive
function, data on data on 92 CAMH subjects and 476 MATRICS subjects were combined.
MATRICS subjects with schizophrenia and comparison subjects ranged in age from 18-65,
and 20-59, respectively with mean (SD) ages of 44.0 years (11.2) and 42.7 years (11.5),
respectively. Thus, MATRICS subjects included few older subjects in contrast to CAMH
subjects who were all age 50 and above. The total sample consisted of 235 subjects with
schizophrenia ranging in age from 19 to 79 years and 333 comparison subjects ranging in
age from 20 to 81 years. Following the approach of Kern et al. (28) this total sample was
divided into four age groups: < 40, 40-49, 50-59, and >= 60. All subjects with schizophrenia
and comparison subjects were compared across these four age groups on demographic and
clinical characteristics using t- and chi-square statistic as indicated, and on individual
cognitive tests using a series of general linear models while controlling for sex and
education. Finally, T-scores were calculated for all subjects with schizophrenia based on the
global normative values derived from the total sample of comparison subjects, i.e. the
MATRICS and CAMH comparison subjects combined, for each cognitive test. Then,
cognitive domain T-scores were calculated by summing the T-scores of the tests associated
with each corresponding cognitive domain according to the MCCB manual, and
standardizing the resulting sums to T-scores. In total, seven domain scores and one overall
composite score were obtained through the summation and standardization of individual test
T-scores as follows: (1) Speed of processing = CFT, DSC, TMA; (2) Attention / Vigilance =
CPT-IP; (3) Working Memory = LNS, SSP; (4) Verbal Learning = HVLTR; (5) Visual
Learning = BVMTR; (6) Reasoning and Problem Solving = Mazes; (7) Social Cognition =
MSCEIT. A series of analyses of variances (ANOVAs) were performed to assess for age
effects on all of the domains and the composite measure. All raw cognitive scores were
normally distributed except for TMA for which natural logarithm transformation was
applied in order to improve the distributional properties of this test. These transformed
scores were then inversed in order to maintain a consistent direction with the other tests (i.e.
higher scores indicate better performance). All data analyses were conducted using SAS
9.1.3.
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Results
Demographic, clinical, and cognitive characteristics of CAMH subjects

CAMH subjects with schizophrenia and CAMH comparison subjects did not differ in age
and sex distributions. However, subjects with schizophrenia had a significantly lower level
of education, higher score on PANSS, and lower score on the MMSE. They were also
impaired when contrasted with the CAMH comparison subjects of similar age and sex on all
MCCB tests (see Table 1).

Comparison of subjects with schizophrenia and healthy subjects on MCCB cognitive tests
The demographic characteristics of the total sample of subjects with schizophrenia and
comparison subjects are summarized in Table 2.

The general linear models did not reveal any interaction on any cognitive test. There was a
schizophrenia effect on all ten cognitive tests, with schizophrenia associated with poor
performance. There was an aging effect on all ten tests with aging associated with poor
performance except for MSCEIT on which aging was associated with better performance.
The aging effect was first observed in the 40-49 age group for BVMTR, DSC, Mazes,
MSCEIT, SSP, and TMA, but in the 50-59 age group for CFT, CPT-IP, HVLTR, and LNS
(see Table 3 and Figure 1). There was an education effect on all cognitive tests. There was a
sex effect on DSC, HVLTR, Mazes, MSCEIT, and SSP with females performing better than
males on DSC, HVLTR, and MSCEIT (see Table 3).

Performance of subjects with schizophrenia on MCCB cognitive domains and composite
score

Using T-scores for subjects with schizophrenia based on the normative values derived from
the comparison subjects, an additional series of ANOVAs were performed and found
significant age effects on six domains: Speed of Processing (F=17.75, df=3,227, p<0.0001),
Attention / Vigilance (F=2.73, df=3,228, p=0.0445), Working Memory (F=2.81, df=3,229,
p=0.0401), Verbal Learning (F=3.97, df=3,230, p=0.0087), Visual Learning (F=11.16,
df=3,230, p<0.0001), Reasoning and Problem Solving (F=38.21, df=3,230, p<0.0001); and
Overall Composite Score (F=11.99, df=3,220, p<0.0001). No aging effect on Social
Cognition was detected (F=1.11, df=3,229, p=0.3460) (see Figure 2).

Conclusions
To our knowledge, this is the first published report on the use of the MCCB in a large group
of older individuals with schizophrenia, extending the available data on this increasingly
used cognitive battery. This is one of three published reports of community-dwelling
individuals with schizophrenia in their 60’s and older assessed with a comprehensive
cognitive battery (25, 26). This is also the first published report on the use of the MCCB to
assess the effect of aging on cognitive function in individuals with schizophrenia across the
adult lifespan. As predicted, CAMH older subjects were impaired compared to CAMH
comparison subjects on all MCCB tests. As predicted, combining our data with those
collected in the MATRICS PASS, we found an effect of schizophrenia and of aging on all
tests. We did not find any interaction between age and schizophrenia on any cognitive test or
domain.

To assess whether the study has enough power to detect an interaction between aging and
schizophrenia, a series of Monte Carlo simulations were conducted examining the power to
detect an interaction between aging and schizophrenia on each of our outcomes listed in
Table 3, under a variety of effect size scenarios. 10,000 replications were carried out for
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each outcome/effect-size combination. Means and standard deviations in the comparison
group were assumed to be consistent with those observed in the current sample. Means in
the schizophrenia group were altered in a systematic manner while holding the observed
standard deviations constant in order to generate a variety of potential effect sizes. Sample
sizes for all interactions were also assumed to be consistent with the current study. Using
these simulations, there was sufficient power (>80%) to detect an interaction effect on each
of the outcomes listed in Table 3 at an alpha level of 0.05, provided that the effect sizes (eta-
squared) associated with these interactions range between 0.010 and 0.025. Thus, these
simulations support our finding that there is no meaningful interaction between aging and
schizophrenia effect on any outcome measure.

While community-dwelling individuals with schizophrenia are impaired across the various
cognitive tests and domains, their cognitive function followed the same trajectory and the
same rate as those observed among healthy individuals, at least as late in life as the late 60’s.
Such parallel progression is in contrast to what is observed among chronically
institutionalized individuals with schizophrenia who start to experience more rapid decline
in their 60’s (31). The differences in the trajectory of cognitive function between
community-dwelling and chronically institutionalized individuals could be due to the fact
that chronically institutionalized individuals have a more severe and aggressive disease that
results in a rapid cognitive decline earlier than in community-dwelling individuals. On the
other hand, the richer and more stimulating environmental exposure experienced by
community-dwelling individuals could contribute to a delay in the manifestation of
cognitive decline related to schizophrenia similar to what has been reported in Alzheimer
disease (32). Such an environmental stimulation could protect cognitive reserve and promote
compensatory mechanisms, thus postponing the manifestation of a progressive illness (33).

The stable magnitude of cognitive deficits of individuals with schizophrenia up to their
seventh decade is also consistent with the hypothesis of schizophrenia as a syndrome of
premature aging (34). Deficits occur around the time of onset and do not progress beyond
what is observed due to effect of aging over the entire span of adult life. So, although
individuals with schizophrenia decline at the same rate as those without the disorder, they
cross the threshold of clinical impairment earlier, and thus exhibit “premature aging”. In
addition to cognitive dysfunction, premature aging in schizophrenia is supported by a
decreased lifespan (35), increased incidence of metabolic disease (36), increased pulse
pressure (34), faster loss of gray matter (37), decline in white matter tracts integrity(38),
decreased telomere length (39), and up- or down-regulation of genes implicated in both
schizophrenia and aging (40). Still, premature aging in schizophrenia would be compatible
with the possibility of rapid deterioration in certain cognitive functions very late in life (i.e.,
in one’s 70’s or 80’s): a rapid deterioration in memory and verbal ability has been observed
in non-demented elders starting in their seventh decade (41) and could explain the aging by
schizophrenia interaction observed in one study among individuals with schizophrenia aged
70 or above (26).

An advantageous aging effect on social cognition was observed starting in the 40-49 age
group in the total sample of subjects. This is consistent with what was observed in the
MATRICS PASS (28) and suggests that social cognition is highly stable or possibly even
improves with age due to increased opportunity for social experiences. Alternatively, social
cognition could be still declining with age but any decline is masked by a cohort or a
survival effect that is impossible to disentangle in a cross-sectional study. The lack of any
aging effect among the subjects with schizophrenia when analyzed separately could be due
to the fact that the social impairment associated with schizophrenia masks any potential
advantage associated with older age.
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This study has some limitations: older comparison subjects had a higher level of education
than older subjects with schizophrenia. Also, subjects were assessed at different sites: in
particular, almost all of the older subjects were assessed at CAMH while almost all of the
younger subjects were assessed during the MATRICS PASS. However, the MCCB is a
standardized battery that was developed specifically to be able to compare findings across
different studies. Another limitation is the use of the MCCB itself. While most community-
dwelling studies showed no interactions between aging and schizophrenia using non-MCCB
measures, there may still be non-MCCB cognitive measures that could be better suited to
detect such interactions. For example, a recent study using the California Verbal Leaning
Test demonstrated an interaction between aging and schizophrenia. However, this
interaction is probably due to the fact that this study included a group of subjects age 70 or
older rather than the use of his specific measure (26). One more limitation is that this is a
cross-sectional study and therefore, the lack of an observed interaction between
schizophrenia and aging could be due to a cohort effect. Older subjects with schizophrenia
could have been functioning at a higher level when they were younger compared to the
current younger subjects. Only a longitudinal study conducted over several decades could
address this limitation. Finally, while our oldest subjects had a mean age in the late 60’s, an
interaction in the 70’s or after cannot be ruled out as it has recently been suggested by
another cross-sectional study (26).

Longitudinal and controlled studies would be necessary to disentangle the impact of aging
and age-related factors such as psychiatric and medical comorbidities, from the impact of
schizophrenia and schizophrenia-related factors. Further, assessing individuals in their 70’s
or later in life is necessary to assess for acceleration in cognitive decline later in life as the
general population including individuals with schizophrenia continues to age. Finally,
comparing only individuals with schizophrenia to comparison subjects precludes the
determination of whether identified deficits are due to the non-specific effect of a severe
mental illness, or to the specific effect of schizophrenia. A comparison group that consists of
individuals with another severe mental illness such as a bipolar disorder will be required to
address this issue.

In conclusion, older individuals with schizophrenia experience deficits in all cognitive
domains. These deficits are comparable in magnitudes to those observed earlier in life as
cognitive functions seem to decline similarly with both normal aging and schizophrenia
across all cognitive domains except social cognition up to the seventh decade. Future
longitudinal studies are needed to confirm these findings and to explore whether aging
accelerates in schizophrenia very late in life.
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Figure 1. Schizophrenia and Aging effects on the Ten Tests of MCCB
Schizophrenia is associated with poor performance effect on all cognitive tests. Aging is
associated with poor performance on nine tests with an aging effect first observed in the
40-49 age group on five of them (upper panel), and in the 50-59 age group on four others
(middle panel). Aging is associated with better performance on MSCEIT (lower panel) with
aging effect first observed in the 40-49 age group. White bars: comparison subjects; Gray
bars: participants with schizophrenia. BVMTR: Brief Visuospatial Memory Test-Revised
(Total recall score over three learning trials); Category Fluency (Total number of animals
named in 60 seconds); CPT-IP: Continuous Performance Test-Identical Pairs (Mean d′ value
across 2-, 3-, and 4-digit conditions); Digit Symbol Coding (Number of correct responses);
HVLTR: Hopkins Verbal Learning Test-Revised (Total number of words recalled correctly
over three learning trials); Letter Number Span (Number of correct trials); Mazes (Total raw
score); MSCEIT: Mayer-Salovey-Caruso Emotional Intelligence Test: Managing Emotions
(Branch standard score using general consensus scoring); Spatial Span (Sum of raw scores
on forward and backward conditions); and Trails Making A (Time to completion – seconds).
Error bars = 1 standard error.
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Figure 2. Schizophrenia Group Mean Domain T-Scores by Age Group
There is an aging on all cognitive domains and the overall composite score, except social
cognition.
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Table 2

Demographic Characteristics of All Subjects with Schizophrenia and All Comparison Subjects

Characteristic Schizophrenia Comparison Subjects t/chi-square, df Statistical Significance

Number of subjects 235 333 -- --

Source of data
CAMH: 59 (25%) MCAMH: 33 (10%)

chi-sq=23.44, df=1 p<0.0001
MATRICS: 176 (75%) MATRICS: 300 (91%)

Age (years) 48.83 (13.35) 44.68 (12.89) t=3.73, df=566 p=0.0002

Age group N (%), Mean Age
(SD)

<40: 54 (23%), 29.6 (5.9) <40: 100 (30%), 28.1 (5.8)

chi-sq=33.67, df=3 p<0.0001
40-49: 56 (24%), 44.9 (2.7) 40-49: 100 (30%), 45.3 (2.8)

50-59: 70 (30%), 53.9 (2.7) 50-59: 111 (33%), 54.5 (2.7)

60+: 55 (23%), 65.3 (5.0)* 60+: 22 (7%), 67.5 (5.7)*

Sex
Male: 164 (70%) Male: 57 (47%)

chi-sq=28.73, df=1 p<0.0001
Female: 71 (30%) Female: 176 (53%)

Years of education 12.33 (2.68) 14.39 (2.59) t=9.20, df=565 p<0.0001

Age of onset 25.57 (9.68) -- -- --

*
In these two groups, 21 subjects with schizophrenia and 13 comparison subjects were age 65 or older.
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