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Objective: The impact of the atypical an-
tipsychotics olanzapine, quetiapine, and
risperidone on cognition in patients with
Alzheimer’s disease is unclear. The authors
assessed the effects of time and treatment
on neuropsychological functioning during
the Clinical Antipsychotic Trials of Inter-
vention Effectiveness—Alzheimer’s Disease
study (CATIE-AD).

Method: CATIE-AD included 421 outpa-
tients with Alzheimer’s disease and psy-
chosis or agitated/aggressive behavior
who were randomly assigned to receive
masked, flexible-dose olanzapine, que-
tiapine, risperidone, or placebo. Based on
their clinicians’ judgment, patients could
discontinue the originally assigned medi-
cation and receive another randomly as-
signed medication. Patients were followed
for 36 weeks, and cognitive assessments
were obtained at baseline and at 12, 24,
and 36 weeks. Outcomes were compared
for 357 patients for whom data were
available for at least one cognitive mea-
sure at baseline and one follow-up assess-
ment that took place after they had been

on their prescribed medication or placebo
for at least 2 weeks.

Results: Overall, patients showed steady,
significant declines over time in most cog-
nitive areas, including in scores on the
Mini-Mental State Examination (MMSE;
—2.4 points over 36 weeks) and the cog-
nitive subscale of the Alzheimer’s Disease
Assessment Scale (4.4 points). Cognitive
function declined more in patients receiv-
ing antipsychotics than in those given pla-
cebo on multiple cognitive measures, in-
cluding the MMSE, the cognitive subscale
of the Brief Psychiatric Rating Scale, and
a cognitive summary score summarizing
change on 18 cognitive tests.

Conclusions: In CATIE-AD, atypical anti-
psychotics were associated with worsening
cognitive function at a magnitude consis-
tent with 1 year’s deterioration compared
with placebo. Further cognitive impair-
ment is an additional risk of treatment
with atypical antipsychotics that should
be considered when treating patients with
Alzheimer’s disease.

(Am J Psychiatry 2011; 168:831-839)

Psychiatric and behavioral symptoms are common in
patients with Alzheimer’s disease and contribute sub-
stantially to the morbidity of the illness (1-3). Delusions
or hallucinations appear in 30%-50% of patients with Alz-
heimer’s disease, and as many as 70% demonstrate agitat-
ed or aggressive behaviors. These symptoms contribute to
patient and caregiver distress (4, 5) and can compromise
patient safety or promote institutionalization (6, 7).
Medications from several pharmacological classes have
been used to treat psychosis and behavioral disturbances
in Alzheimer’s disease. The majority of randomized con-
trolled trials have examined the efficacy of atypical an-
tipsychotics over 6 to 12 weeks. Some studies included
outpatients, but most included patients with advanced
Alzheimer’s disease residing in long-term care facilities.
Several trials have reported modest efficacy on behavioral
symptoms with individual atypical antipsychotics com-
pared to placebo (8). However, efficacy is not seen in all

trials or for all symptoms, and adverse events can occur,
including further cognitive impairment (8).

The effects of antipsychotic medication on cognition
have largely been gleaned from studies of patients with
schizophrenia. In that patient population, early optimism
about atypical antipsychotics improving cognition (9, 10)
was not confirmed by studies with designs that included
randomized double-blind treatment conditions, accept-
able dosing strategies (11), and consideration of practice
effects (12).

The impact of atypical antipsychotics on cognition in
Alzheimer’s disease is less certain. Assessment of cogni-
tion in clinical trials has generally not extended beyond
the Mini-Mental State Examination (MMSE; 8, 13, 14). In
the only two trials that reported results, there was an over-
all worsening by 0.73 points on the MMSE with atypical
antipsychotics compared to placebo over the 10-12 weeks
of the trials (8) and a worsening of about 4 points on the
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Alzheimer’s Disease Assessment Scale with olanzapine
over 26 weeks in a trial of patients without behavioral
problems (15).

The Clinical Antipsychotic Trials of Intervention Effec-
tiveness—Alzheimer’s Disease study (CATIE-AD), funded
by the National Institute of Mental Health, was designed
to compare the effectiveness of antipsychotics and pla-
cebo in patients with Alzheimer’s disease and psychosis
or agitated/aggressive behavior (16), and by design it in-
cluded measures with which to investigate the cognitive
effects of these medications. In contrast to many efficacy
trials, CATIE-AD included outpatients in usual-care set-
tings and assessed treatment effectiveness with a variety
of outcomes over a 9-month intervention period. Initial
CATIE-AD treatment (olanzapine, quetiapine, risperidone,
or placebo) was randomized and double-blinded, yet
the protocol allowed medication dosage adjustments or
switching to a different treatment, based on the clinician’s
judgment. The primary CATIE-AD outcome measure was
the time to discontinuation of the initially assigned medi-
cation for any reason (17). This was intended as an overall
measure of effectiveness that incorporated the judgments
of patients, caregivers, and clinicians, reflecting therapeu-
tic benefits in relation to undesirable effects.

In this article, we report the effects of time and of treat-
ment on neuropsychological measures during the trial.

Method

CATIE-AD Study Design

The rationale and design of CATIE-AD have been described
elsewhere (16, 17). Briefly, the 36-week study period occurred
in up to four possible phases for each patient. Phase 1 began at
baseline, when 421 patients were randomly assigned, in a double-
blind fashion, to receive olanzapine, quetiapine, risperidone, or
placebo (randomized allocation ratio, 2:2:2:3). If the phase 1 med-
ication was discontinued, the patient could enter phase 2 or open
treatment (phase 4). In phase 2, if the patient had originally been
assigned to receive an atypical antipsychotic, he or she was ran-
domly assigned, in a double-blind fashion, to receive one of the
other atypical antipsychotics or the antidepressant citalopram
(randomization allocation ratio, 3:3:2). If the patient had original-
ly been assigned to receive placebo, he or she would be randomly
assigned to receive citalopram or an atypical antipsychotic (ran-
domized allocation ratio, 3:1:1:1). Upon discontinuation of phase
2 medication, the patient could enter phase 3 and be randomly
assigned to open-label treatment with an atypical antipsychotic
not previously assigned. At any time, the clinician could choose
to enter the patient into phase 4, where data collection continued
but the physician prescribed medication.

To participate in the trial, patients had to meet DSM-1V criteria
for dementia of the Alzheimer’s type or the criteria for probable
Alzheimer’s disease from the National Institute of Neurological
and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (18); be ambulatory
outpatients living at home or in an assisted-living facility; have an
MMSE score in the range of 5-26; have had delusions, hallucina-
tions, agitation, or aggression nearly every day over the previous
week or intermittently over 4 weeks; have symptom ratings of at
least moderate severity on the conceptual disorganization, sus-
piciousness, or hallucinatory behavior item of the Brief Psychi-
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atric Rating Scale (BPRS; 19) or ratings indicating at least weekly
occurrence with moderate or greater severity on the delusion,
hallucination, agitation, or aberrant motor behavior item of the
Neuropsychiatric Inventory (20).

Patients were excluded if they were taking antidepressants or
anticonvulsants for mood stabilization. Cholinesterase inhibitors
were permitted. The study was reviewed and approved, and the
informed consent was documented and approved, by the institu-
tional review boards of each of the 42 study sites.

Present Study

In the present study, we assessed the weekly rate of change and
the total change over 36 weeks on several measures of cognitive
function. The study included all trial participants who did not re-
port sedation at baseline, for whom data on years of education (a
model covariate) were available, and for whom baseline measures
and at least one follow-up measure of cognitive function were
available. Eight patients reported sedation at the 12-week visit,
and their scores for that visit were excluded from these analyses.
Changes in cognitive function were assessed for the total group
and for subgroups defined by randomized medication.

Cognitive Assessments

The following instruments were administered at baseline and
at 12, 24, and 36 weeks: the MMSE; the cognitive subscale of the
Alzheimer’s Disease Assessment Scale (ADAS-Cog) (21); three ad-
ditional ADAS subscales—concentration/distractibility, number
cancellation, and executive function (mazes) (22); tests of catego-
ry instances (semantic fluency and animal category) (23); the fin-
ger tapping test, preferred and nonpreferred hand (24); the Trail
Making Test, Part A (Trails A; 25); and a measure of working mem-
ory deficit determined by the difference in the 10-second-delay
and no-delay dot tests of visuospatial working memory (26).

A cognitive summary score was calculated in a two-step pro-
cess. First, the normalized z scores for each of the component
measures (after recoding so that higher scores on each compo-
nent test indicated higher functioning) were averaged. These av-
eraged scores were then normalized. The z scores were computed
using baseline means and standard deviations for each compo-
nent score among all patients included in these analyses. The
components of the summary score included the 11 components
of the ADAS-Cog, the three additional ADAS subscales (concen-
tration/distractibility, number cancellation, and executive func-
tion), the category instances tests, the mean of the scores for the
preferred and the nonpreferred hand on the finger tapping test,
the Trails A, and the working memory deficit. If more than four
component scores were missing, the cognitive summary was con-
sidered missing.

In addition, Clinical Global Impression of Change (CGIC; 17)
scores were collected. The CGIC is a seven-point scale of the clini-
cian’s assessment of the patient’s change in mental status since
study baseline, with a score of 1 indicating “very much improved,”
ascore of 4 indicating no change, and a score of 7 indicating “very
much worse.” A physician-rated cognitive dysfunction factor of
the BPRS (27) consisting of the conceptual disorganization and
disorientation items was calculated but was not included as part
of the cognitive summary score.

Statistical Analysis

Mean cognitive scores at baseline were compared by categories
of age, gender, years of education, and pooled study site using t
tests or ANOVA as appropriate. The seven sites with 18 or more
patients were not pooled; the 35 sites with fewer than 18 patients
were pooled according to a predetermined algorithm into eight
pooled sites (17).

To accommodate longitudinal measures (multiple observa-
tions per patient over time) and the inherent within-patient
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correlations, mixed-effects linear regression models were used.
These models assessed the rate of change (slope) in cognition
over the trial period for each of the cognitive measures and the
cognitive summary score, adjusting for age, gender, education,
and pooled study site. Random effects were specified for the in-
tercept and slope (time in study, in weeks).

In the first set of analyses, study treatment was not considered.
The dependent variable was the cognitive function score, and the
independent variables were the covariates and time (weeks) since
baseline. The regression coefficient for the time variable estimat-
ed the average weekly rate of change in the cognitive measure.

Further analyses assessed effect modification on weekly rate of
change in cognition by baseline level of MMSE score (<19 or 219,
more severe versus mild impairment), baseline BPRS total score
(£27 or >27, median split on behavior severity), and study site size
(<18 patients [pooled sites] or 218 patients [stand-alone sites]).
Each cognitive measure was modeled as a function of the covari-
ates, time (weeks) since baseline, and an interaction term of time
since baseline by baseline MMSE group, BPRS group, or study site
size group. The interaction term tested whether the rate of change
(slope) in the cognitive score differed by baseline MMSE, BPRS, or
study site size.

The second set of mixed-effects analyses assessed the effect of
each treatment on the rate of change in cognitive function. Treat-
ment was included, provided that the patient had been receiving
the treatment (olanzapine, quetiapine, risperidone, or placebo)
for at least 2 weeks before the cognitive assessment. Follow-up
cognitive assessments on dates when the patient was in the open-
choice phase (phase 4) or had been receiving the study medica-
tion for less than 2 weeks were not included in these analyses.
Separate models were fitted for each cognitive variable. The inde-
pendent variables included the covariates, treatment assignment,
and time (weeks) since baseline. An additional interaction term of
time since baseline by treatment tested whether the rate of cogni-
tive change differed among patients on a specific study medica-
tion compared to those on placebo.

The third set of mixed-effects analyses was similar to the sec-
ond except that all atypical antipsychotics were combined for
comparison with placebo. This set included more cognitive test-
ing dates than the second set because a patient on a combination
of atypical antipsychotic medications during the 2 weeks before
cognitive testing would be included here but excluded from the
second set of models. In addition, we used the model estimates
of weekly rates of change over the trial to estimate the change in
cognitive function over the full 36-week study period by study
group. Since the statistical tests are tests of slope over the full
study period, whether changes are expressed per week or over 36
weeks makes no difference to the statistical significance.

Generalized estimating equations were used to estimate the
average CGIC score by treatment group and test for differences
from placebo for patients on study medication for at least 2 weeks
prior to cognitive testing.

All data were analyzed using SAS for Windows, version 9.1 (SAS
Institute, Cary, N.C.). All p values are two-sided.

Results

All 421 patients who received randomized treatment as-
signments were assessed by at least one of the cognitive
measures at baseline. One patient who reported sedation
at baseline and 16 patients who did not report years of
education were excluded from the analyses. In addition,
follow-up cognitive measures were not available for 47 pa-
tients, leaving 357; of these, 342 had at least one follow-up
cognitive measure at 12 weeks, 320 had at least one follow-
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up measure at 24 weeks, and 307 had at least one follow-up
measure at 36 weeks. The study sample was 46% male, with
a mean age of 77.6 years and mean of 12.3 years of educa-
tion (Table 1); 64% were taking cholinesterase inhibitors.

Over the 36-week follow-up period, participants signifi-
cantly declined on several measures of cognitive function
(MMSE, ADAS-Cog, ADAS concentration/distractibility,
ADAS number cancellation, category instances, both fin-
ger tapping tests, Trails A, and the cognitive summary)
and on the BPRS cognitive factor (Table 2). The models in
Table 2 can be used to predict test score changes for a pa-
tient with specified covariate values in this sample. For a
man 77.6 years old (the sample mean) with 12.3 years of
education (the sample mean) in the study site that pooled
all of the sites with five or fewer patients, the model-esti-
mated declines over 36 weeks were as follows: the MMSE
score decreased from 15.6 to 13.2, the ADAS-Cog score
worsened from 34.2 to 38.6, the cognitive summary de-
creased from —0.06 to —0.46, and the BPRS cognitive factor
score worsened from 4.6 to 5.0. Figure 1, which includes
both patients receiving atypical antipsychotics and those
receiving placebo, shows that the declines in z scores for
these tests over the 36-week study period were linear. It
also shows that the normalized change in scores over time
was more pronounced for the ADAS-Cog, the MMSE, and
the cognitive summary than for the BPRS cognitive factor,
which is more behaviorally related. Figure 2 illustrates the
changes in raw MMSE, ADAS-Cog, and cognitive summa-
ry scores over time for the full study population.

The rates of change in cognitive function did not signifi-
cantly differ by baseline MMSE score (<19 or 219), BPRS
total score (<27 or >27), or study site size (<18 patients or
>18 patients) (data not shown).

No significant differences were observed in the rates of
change in most cognitive function measures between in-
dividual medication groups and placebo (Table 2). How-
ever, on the cognition summary measure, patients receiv-
ing olanzapine or risperidone (for at least 2 weeks prior to
assessment) had significantly greater rates of decline than
patients given placebo. Compared with patients given pla-
cebo, significantly greater rates of cognitive decline were
observed on the MMSE in patients receiving olanzapine,
on the BPRS cognitive factor in patients receiving quetia-
pine, and on the cognitive summary in patients receiving
olanzapine and risperidone.

Patients receiving any atypical antipsychotic (for atleast
2 weeks prior to assessment) had significantly greater
rates of decline in cognitive function as measured by the
MMSE, the category instances tests, the cognitive summa-
ry, and the BPRS cognitive factor than did patients receiv-
ing placebo (Table 3). On all cognitive measures, patients
receiving atypical antipsychotics had lower scores than
patients given placebo, although not all differences were
statistically significant. The association between cognitive
decline and atypical antipsychotic compared with pla-
cebo did not vary by baseline MMSE or BPRS score or by
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TABLE 1. Baseline Demographic, Cognitive, and Functional Characteristics of Patients With Alzheimer’s Disease and Psy-
chosis or Agitated/Aggressive Behavior in a Randomized Placebo-Controlled Study of Atypical Antipsychotics

Characteristic N Mean SD Minimum Maximum
Demographic and clinical variables
Male 163
Cholinesterase inhibitor drug use 249
Age (years) 357 77.6 7.4 51 103
Education (years) 357 12.3 34 2 21
Brief Psychiatric Rating Scale score 355 27.5 121 4 66
Neuropsychiatric Rating Scale score 354 36.6 18.2 3 104
Alzheimer’s Disease Assessment Scale, activities of
daily living subscale score 353 39.7 16.7 6 76
Cognitive variables
Mini-Mental State Examination score 355 15.2 5.7 4 28
Brief Psychiatric Rating Scale, cognitive factor 355 53 2.4 0 12
Alzheimer’s Disease Assessment Scale
Cognitive subscale score 328 34.4 133 8 67
Concentration/distractibility subscale score 333 1.8 1.5 0 5
Number cancellation subscale score 306 10.5 7.9 0 38
Executive function (maze) subscale score 291 68.1 84.2 3 240
Tests of category instances 317 6.4 4.2 0 21
Finger tapping, preferred hand 290 289 14.5 0 75
Finger tapping, nonpreferred hand 289 26.8 13.4 0 75
Trail Making Test, Part A (time in seconds) 245 111.5 97.1 20 300
Working memory deficit? 72 1.0 0.9 0 3.0
Cognitive summary® 301 0.0 1.0 2.7 1.8

2 The working memory deficit is the difference between the 10-second-delay score and no-delay scores. Working memory deficit scores were

considered to be missing in patients with no-delay scores above 4.0.

b The cognitive summary is the normalized average of the sign-adjusted, normalized, baseline z scores for each of the 11 components of the
Alzheimer’s Disease Assessment Scale cognitive subscale, as well as the concentration/distractibility, number cancellation, and executive
function (mazes) subscales; category instances; the mean of the scores for the preferred and the nonpreferred hand on the finger tapping

test; the Trail Making Test, Part A; and the working memory deficit.

study site (data not shown), indicating that these variables
exerted little or no effect modification.

The average CGIC score for patients receiving placebo
was 3.13, indicating minimal improvement. The average
CGIC scores for patients receiving atypical antipsychotics
also indicated minimal improvement (3.11, 2.83, and 2.81
for olanzapine, quetiapine, and risperidone, respectively),
and these changes did not differ significantly from that
observed in patients receiving placebo.

Discussion

In our sample, Alzheimer’s disease patients with be-
havioral disturbances showed a steady decline over 36
weeks in most cognitive areas, regardless of whether they
received antipsychotic treatment or placebo. Over the
study period, these declines were not only statistically
significant but also clinically meaningful. The estimated
rate of decline among placebo patients on the ADAS-Cog
was similar to that seen in Alzheimer’s patients without
behavioral disturbances in other trials (15, 28). Moreover,
the rates of decline did not vary with initial level of cog-
nitive impairment as indicated by baseline MMSE score.
Our method of analysis used all data points from patients
for whom data were available from baseline and at least
one follow-up assessment. However, during the later as-
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sessments, there were fewer test scores mainly because
of patients’ inability to perform the tests or their dropout
from the study, meaning that data cannot be assumed to
be missing at random. Therefore, the cognitive decline
over time is likely to be greater than documented in our
study (29).

We evaluated the effect of treatment with atypical anti-
psychotics on cognitive function by comparing the weekly
change (the slope of the change in cognitive function over
time) among patients who had been receiving their cur-
rent medication (or placebo) for at least 2 weeks at the
time of cognitive testing. For most cognitive tests, the rate
of cognitive change did not significantly differ by antipsy-
chotic agent. However, when the treatment groups were
pooled, patients receiving antipsychotics had greater de-
clines in cognitive function than did patients receiving
placebo on all tests except the ADAS executive function
subscale. Combining the active treatment groups provid-
ed greater statistical power, and many of the tests of cogni-
tive function showed significantly greater rates of decline
in patients receiving atypical antipsychotics compared to
patients receiving placebo. Over the 36-week trial period,
patients receiving any antipsychotic had an average de-
cline 2.46 points greater on the MMSE than placebo pa-
tients, a difference both statistically significant (p=0.004)
and clinically relevant.
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TABLE 2. Weekly Rates of Change in Cognitive Function in Patients With Alzheimer’s Disease and Psychosis or Agitated/
Aggressive Behavior in a Randomized Placebo-Controlled Study of Atypical Antipsychotics and by Treatment Group

Mean Difference From Placebo?

Weekly Rate of Olanzapine Quetiapine Risperidone
Weekly Rate of Change Change in Placebo Compared Compared Compared
in Total Sample Group With Placebo With Placebo  With Placebo
Favorable
Measure Direction® Change® pc df Change® p° df Change® p' Changee pf Changes pf
Mini-Mental State Examination
score T -0.067 <0.001 343 -0.007 0.81 104 -0.080 0.05 -0.045 0.26 -0.055 0.19
Brief Psychiatric Rating Scale,
cognitive factor J 0.010 0.003 356 -0.010 0.47 118 0.014 0.46 0.036 0.05 0.008 0.68
Alzheimer’s Disease Assessment
Scale
Cognitive subscale score J 0.123 <0.001 308 0.050 046 82 0.073 041 0.073 040 0.141 0.13
Concentration/distractibility
subscale J 0.006 0.01 317 0.001 0.92 89 0.014 0.32 0.006 0.67 0.008 0.60
Number cancellation subscale T -0.054 <0.001 281 -0.002 0.97 70 -0.061 030 -0.033 0.57 -0.114 0.07
Executive function (maze)
subscale J 0.174 0.21 268 062 039 69 -0.785 0.40 -0.192 0.84 -0.100 0.92
Tests of category instances T -0.041 <0.001 290 -0.024 034 73 -0.003 092 -0.019 0.55 -0.052 0.14
Finger tapping, preferred hand T -0.057 0.001 262 0.083 041 71 -0.174 0.18 -0.100 0.44 -0.166 0.17
Finger tapping, nonpreferred hand T -0.047 004 260 0.074 046 70 -0.136 0.30 -0.112 0.38 -0.270 0.06
Trail Making Test, Part A
(time in seconds) J 0.866 <0.001 234 -0.513 050 52 160 0.12 166 0.10 1.51 0.15
Working memory deficit J -0.003 0.51 58 -0.020 0.42 8 0.007 082 0.039 023 0.027 047
Cognitive summarys i) -0.011 <0.001 277 -0.001 0.89 71 -0.013 0.04 -0.011 0.08 -0.018 0.001

2 Direction in which a change in score indicates improved function.

b Mixed-effects regression model § in time in weeks (i.e., the weekly change in cognitive variables), adjusted for age, gender, education, and
pooled study site.

¢ Adjusted for age, gender, education, and pooled study site.

4 Mean difference from placebo in change per week among patients who had been on the same medication or placebo for at least 2 weeks at
time of assessment. The numbers of patients on the same treatment for at least 2 weeks at the 12-week, 24-week, and 36-week assessments,
respectively, were as follows: placebo: 48, 27, 25; olanzapine: 58, 41, 42; quetiapine: 64, 55, 44; risperidone: 60, 51, 35.

¢ Mixed-effects regression model B in time in weeks, compared with placebo (i.e., by atypical antipsychotic, the weekly change in cognitive
variables in excess of that observed in placebo patients), adjusted for age, gender, education, and pooled study site.

f Adjusted for age, gender, education, and pooled study site.

¢ The cognitive summary was the normalized average of the sign-adjusted, normalized, baseline z scores for each of the 11 components of
the Alzheimer’s Disease Assessment Scale cognitive subscale, as well as the concentration/distractibility, number cancellation, and executive
function (mazes) subscales; tests of category instances; the mean of the scores for the preferred and the nonpreferred hand on the finger
tapping test; the Trail Making Test, Part A; and the working memory deficit.

In comparing the study medications to placebo, we lim-
ited our analysis to patients who had been taking the same
drug for at least 2 weeks at the time of cognitive testing,
essentially testing for a short-term effect. Alternatively,
analyses could have been based on total exposure or ex-
posure over some longer or lagged period. However, bas-
ing analyses on the sum of exposure over the trial would
have mixed recent and distant exposures, possibly obscur-
ing the short-term cognitive effect. Using a continuous ex-
posure longer than 2 weeks would have substantially re-
duced the number of patients available for analysis since
many patients switched medications after relatively short
exposure periods. Decline in cognitive function may be
one reason patients switch medication.

Because we did not measure differences in the rates of
cognitive decline over longer exposure periods, we can-
not address the question of whether these drugs would
accelerate cognitive decline permanently or merely im-
pair cognition during acute administration. It is also pos-
sible that this worsening of cognitive function with atypi-
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cal antipsychotics would attenuate over time. We do not
know whether the greater decline in cognitive function in
patients receiving these medications was a worsening of
Alzheimer’s pathology or an independent effect. Sedation
would be a possible explanation for decreased cognitive
function among patients receiving these drugs, although
we excluded data from all test days on which the patient’s
caregiver reported sedation. It is well known that antipsy-
chotic medications degrade cognition in most nonpsy-
chotic patient groups, such as when used for dyskinesia
control in Tourette’s syndrome, and have been shown to
impair aspects of cognition in schizophrenia.

Although there is strong evidence for a detrimental ef-
fect of atypical antipsychotics on cognitive function (8,
15), it is not clear whether this effect is equally strong in
the different cognitive domains. The most significant ef-
fect that we observed when comparing individual drugs
to placebo was in the cognitive summary score. Since this
variable combines many of the other tests, it is less sub-
ject to random fluctuations, allowing differences between
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FIGURE 1. Average Cognitive Summary Score and z Scores
for Three Cognitive Tests, by Study Period, for the Full
Study Population?

0.1
w
v 0
o
(%)
(%]
& 0.1
8
E 0.2 == BPRS cognitive factor
IS 8= ADAS-Cog
S -0.3 =@~ Cognitive summary
== MMSE
-0.4
0 12 24 36

Weeks

2 MMSE=Mini-Mental State Examination; ADAS-Cog=cognitive sub-
scale of the Alzheimer’s Disease Assessment Scale. A one-unit
change in z scores for MMSE, BPRS cognitive factor, and ADAS-Cog
represents a decline of one SD of mean baseline score for the vari-
able, with BPRS cognitive factor and ADAS-Cog z scores being fur-
ther adjusted so that declines in the z score indicate declines in
cognitive function. The cognitive summary score is the normalized
average of normalized cognitive scores (Table 2).

groups to be recognized. If significant effects were not
found within a given cognitive domain, however, it may
not be due to absence of effect but rather to insensitiv-
ity of the test. Patients receiving atypical antipsychotics
improved overall clinically, as evidenced by CGIC scores;
however, the improvements were not statistically different
from those seen in the placebo group.

In addition to testing a variety of cognitive domains, this
study had the strength of reflecting prescribing practices
for the atypical antipsychotics most commonly used in
Alzheimer’s disease. The relatively small sample size, how-
ever, with patients spread over one placebo and three ac-
tive medication arms, did not provide the statistical power
to evaluate differences between the three drugs. Neverthe-
less, the differences between the active treatments tended
to be smaller than those between active treatment and
placebo.

Some early studies and meta-analyses conducted in
nondemented patients with schizophrenia indicated that
cognitive function may improve more in patients treated
with atypical antipsychotics than in those treated with
conventional antipsychotics (9). Data from the CATIE
schizophrenia trial, however, indicated that improve-
ments in cognition with antipsychotic treatment were
small and did not differ between atypical and conven-
tional antipsychotics, leading the authors to conclude that
they were likely due to the effects of expectation or prac-
tice (30). Similarly, improvements in cognitive function re-
ported (12) for 104 patients with schizophrenia randomly
assigned to receive either olanzapine or risperidone were
consistent with the improvement due to practice effects
seen in 84 healthy volunteers without schizophrenia. The

836 ajp.psychiatryonline.org

FIGURE 2. Average Scores on Three Cognitive Measures, by
Study Period and by Antipsychotic Treatment Versus Pla-
cebo?
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2 MMSE=Mini-Mental State Examination; ADAS-Cog=cognitive sub-
scale of the Alzheimer’s Disease Assessment Scale. Decreases in
MMSE and cognitive summary scores and increases in ADAS-Cog
score are indicative of cognitive decline.

fact that the Alzheimer’s patients in the present study did
not show cognitive improvement with treatment may be
due to their overall declining cognitive function (as seen in
the full study population), vulnerability to the deleterious
cognitive effects of these medications, and the inability of
these patients to benefit from the practice improvement
seen in nondemented patients.
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TABLE 3. Changes in Cognitive Function Over 36 Weeks Among Patients With Alzheimer’s Disease and Psychosis or Agi-
tated/Aggressive Behavior Receiving Olanzapine, Quetiapine, or Risperidone Compared With Placebo?

Model-Estimated Change Over 36 Weeks”

Patients Test Visits Atypical Antipsychotics Placebo
Favorable in Model in Model

Measure Direction® (N) (N) df Change 95% CI Change 95% CI p¢
Mini-Mental State Examination score T 262 925 305 -2.67 -3.52t01.82 -0.21 -1.89to1.46 0.004
Brief Psychiatric Rating Scale, cognitive factor N3 275 963 330 0.24 -0.07to0.54 -0.53 -1.19t00.13 0.05
Alzheimer’s Disease Assessment Scale

Cognitive subscale score N3 240 834 257 521 3.41t07.01 246 —-0961t05.88 0.11

Concentration/distractibility subscale N3 245 854 267 023 0.02t00.44 -0.01 -0.48t00.47 0.38

Number cancellation subscale T 220 756 222 230 -336to-1.25 -138 -3.53t00.78 0.43

Executive function (maze) subscale N3 211 730 219 13.11 -0.331t026.55 -7.05 -37.72t023.63 0.26
Tests of category instances T 229 789 236 -1.72 -226t0-1.18 -0.14 -1.23t00.95 0.01
Finger tapping, preferred hand T 206 723 217 -1.24 -3.36100.87 329 -1.22t07.80 0.07
Finger tapping, nonpreferred hand T 203 716 214 -1.88 -4.11100.36 243 -232t07.18 0.10
Trail Making Test, Part A (time in seconds) N3 183 624 177 41.83 2391t059.74 536 -31.681t042.41 0.07
Working memory deficit N3 68 177 30 -0.06 -0.38t00.26 -0.29 -0.95t00.37 0.59
Cognitive summary (z score units) T 218 756 228 -0.51 -0.66t0-0.36 -0.16 —0.411t00.10 0.004

2 Only patients who had been receiving an atypical antipsychotic or placebo for 2 weeks at time of assessment were included.

b Mixed-effects regression model, adjusted for age, gender, education, and pooled study site. The model change is the predicted change in
cognitive function test score from baseline to 36 weeks for patients who had been on an atypical antipsychotic or on placebo for at least 2
weeks at time of assessment, adjusted for age, gender, education, and pooled study site. Confidence intervals are for the predicted change

in cognitive function.
< Direction in which a change in score indicates improved function.

4 Significance level for atypical antipsychotic change rate compared with placebo, adjusted for age, gender, education, and pooled study site.

Individual trials in Alzheimer’s patients generally report
null effects of atypical antipsychotics on MMSE score,
which often is the only cognitive measure used (8). Meta-
analysis of trials comparing olanzapine, quetiapine, ris-
peridone, haloperidol, and aripiprazole to placebo over
6-26 weeks (8), including 863 patients using olanzapine,
quetiapine, or risperidone compared to 314 placebo
patients, reported a weighted mean difference of 0.73
(p<0.0001) on the MMSE for drug compared with placebo,
with poorer scores in drug group. In our study, the addi-
tional decline in MMSE score with risperidone compared
to placebo was statistically significant, while the declines
with olanzapine and quetiapine were not.

Other trials have assessed cognitive change in Alzhei-
mer’s patients using atypical antipsychotics. A random-
ized double-blind, placebo-controlled trial of 80 patients
(13) found greater declines in cognitive function (mea-
sured by the Severe Impairment Battery) in those receiving
quetiapine than in those receiving placebo. A randomized
double-blind, placebo-controlled trial of 268 Alzheimer’s
patients who did not have significant behavioral problems
(15) found greater declines on both the MMSE and the
ADAS-Cog in patients receiving olanzapine than in those
receiving placebo. Furthermore, the difference in ADAS-
Cog scores was significant only in patients with lower base-
line MMSE scores. In our study, we did not find differences
in cognitive decline or treatment effect when patients were
stratified by baseline MMSE score or baseline BPRS score.

In contrast, a retrospective chart review of 58 Alzhei-
mer’s patients treated with risperidone, olanzapine, or
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quetiapine (31) found no decline in MMSE score in any
of the drug groups. The patients in that study, however,
tended to be younger and to have higher baseline MMSE
scores than the patients in CATIE-AD. Moreover, the study
required that patients take the medications for 6 months,
and thus many patients who experienced negative cogni-
tive effects would likely not have been included.

Our results provide additional broad evidence that,
compared with placebo, atypical antipsychotics are asso-
ciated with greater rates of decline in cognitive function
in Alzheimer’s patients with psychotic or aggressive be-
havior and that the magnitude of the additional declines
is clinically relevant, reaching at least as great a magnitude
as the effect of cholinesterase inhibitors but in the nega-
tive direction (28). Furthermore, the results suggest that
the declines in cognitive function span a range of cogni-
tive domains, but given our sample size, we were unable
to determine precisely the difference in effect by cognitive
domain. Although our sample size was not sufficient to
determine whether the rates of decline varied by atypical
antipsychotic used, the declines were evident for all three
medications compared to placebo. Despite the evidence
for worsening cognitive function and other adverse events
with antipsychotics, improvement in psychotic and ag-
gressive behavior may still warrant use of these agents in
individual cases (17, 32). To aid in choosing the best medi-
cation for a given patient, the relative adverse effects on
cognitive function within this class of medication need to
be addressed in further studies that include assessments of
attention, psychomotor function, and executive function.
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Clinical Guidance: Cognitive Effects of
Second-Generation Antipsychotics in
Alzheimer’s Disease

Patients with moderate to severe Alzheimer’s disease
who receive olanzapine, quetiapine, or risperidone for
the indication of agitated behavior or psychosis expe-
rience a decrement in cognitive function greater than
occurs with placebo. Vigen et al. estimate that the dec-
rement ascribable to the antipsychotic is equivalent to
1 year’s progression of illness. Devanand and Schultz
in an editorial (p. 767) point out that adverse effects
in Alzheimer’s patients are quite dose dependent, e.g.,
occurring with risperidone doses greater than 2 mg/
day or olanzapine doses greater than 5 mg/day. Al-
ternative medications, such as benzodiazepines, also
have adverse cognitive effects.
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