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Context: Neurocognitive impairment in schizophrenia
is severe and is an important predictor of functional out-
come. The relative effect of the second-generation (atypi-
cal) antipsychotic drugs and older agents on neurocog-
nition has not been comprehensively determined.

Objective: To compare the neurocognitive effects of sev-
eral second-generation antipsychotics and a first-
generation antipsychotic, perphenazine.

Design: Randomized, double-blind study of patients with
schizophrenia assigned to receive treatment with olanza-
pine, perphenazine, quetiapine fumarate, or risperi-
done for up to 18 months as reported previously by
Lieberman et al. Ziprasidone hydrochloride was in-
cluded after its approval by the Food and Drug Admin-
istration.

Setting: Fifty-seven sites participated, including aca-
demic sites and treatment mental health facilities repre-
sentative of the community.

Patients: From a cohort of 1460 patients in the treat-
ment study, 817 completed neurocognitive testing im-
mediately prior to randomization and then after 2 months
of treatment.

Main Outcome Measures: The primary outcome was

change in a neurocognitive composite score after 2 months
of treatment. Secondary outcomes included neurocog-
nitive composite score change at 6 months and 18 months
after continued treatment and changes in neurocogni-
tive domains.

Results: At 2 months, treatment resulted in small neu-
rocognitive improvements of z=0.13 for olanzapine
(P�.002), 0.25 for perphenazine (P�.001), 0.18 for queti-
apine (P�.001), 0.26 for risperidone (P�.001), and 0.12
for ziprasidone (P�.06), with no significant differences
between groups. Results at 6 months were similar. After
18 months of treatment, neurocognitive improvement was
greater in the perphenazine group than in the olanza-
pine and risperidone groups. Neurocognitive improve-
ment predicted longer time to treatment discontinua-
tion, independently from symptom improvement, in
patients treated with quetiapine or ziprasidone.

Conclusions: After 2 months of antipsychotic treat-
ment, all groups had a small but significant improve-
ment in neurocognition. There were no differences be-
tween any pair of agents, including the typical drug
perphenazine. These results differ from the majority of
previous studies, and the possible reasons are dis-
cussed.
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N EUROCOGNITION IS SE-
verely impaired in pa-
tients with schizophre-
nia1,2 independent of
phase of illness.3,4 While

these impairments may appear prior to the
onset of psychosis,5-7 their severity in pa-
tients with chronic schizophrenia is about
1.58-10 to 2.011 SDs lower than the healthy
population. Neurocognitive impairment is
a central clinical feature of schizophrenia,
because it is strongly associated with func-
tional outcomes.12,13

The importance of neurocognition in
schizophrenia is emphasized by large in-

dustry and government initiatives to de-
velop new compounds to target neuro-
cognitive impairment,14 yet there are
currently no approved treatments for neu-
rocognitive impairment in schizophrenia

and related disorders. The effect of newer-
generation, “atypical” antipsychotic medi-
cations on neurocognition in patients with
schizophrenia is controversial. While many
studies10,15-50 and meta-analyses51-53 have
suggested that second-generation anti-
psychotic treatment provides greater neu-
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rocognitive benefit to patients with schizophrenia than
first-generation, “typical” antipsychotics, many of these
studies have had substantial weaknesses, such as small
sample sizes, short duration of treatment, no compara-
tor or a comparator of relatively high doses of first-
generation antipsychotic treatment, and inattention to im-
portant clinical factors such as the relationship of cognitive
improvement with symptom change, anticholinergic treat-
ment, and change in extrapyramidal symptoms.51-54 Fur-
ther, many of these trials were industry sponsored, which
has been argued recently to exert a biasing effect.55 The
impact of these various design weaknesses on study re-
sults is controversial.52-54

The observed associations between cognitive impair-
ment and functional outcomes in patients with schizo-
phrenia have offered promise that neurocognitive
improvement will lead to functional benefit in these pa-
tients. Little is known about this relationship, and it is
not clear if the neurocognitive benefit that may be pro-
vided by antipsychotic treatment will lead to improved
treatment continuation.56

This National Institute of Mental Health–sponsored
study Clinical Antipsychotic Trials of Intervention Ef-
fectiveness (CATIE) compared the neurocognitive ef-
fects of olanzapine, perphenazine, quetiapine fumarate,
risperidone, and ziprasidone hydrochloride in patients
with chronic schizophrenia. Our primary hypothesis was
that neurocognitive response would be significantly dif-
ferent between these treatments. To maximize the sta-
tistical power for testing this hypothesis, our primary sta-
tistical tests focused on change in a single composite score
after 2 months of treatment, during which improve-
ment in neurocognition was expected based on previ-
ous studies. An additional hypothesis was that neuro-
cognitive improvement in the early stages of treatment
would predict treatment effectiveness as measured by time
to all-cause discontinuation.

METHODS

STUDY SETTING AND DESIGN

The CATIE study was initiated by the National Institute of Men-
tal Health to determine the comparative effectiveness of antipsy-
chotic drugs. Its rationale, design, and methods were previously
described57-62 and the treatment effects on discontinuation rates
and symptoms have been reported.63 The study was conducted
between January 2001 and December 2004 at 57 US clinical sites
(16 university clinics, 10 state mental health agencies, 7 Veter-
ans Affairs Medical Centers, 6 private nonprofit agencies, 4 pri-
vate practice sites, and 14 mixed-system sites). Patients were ran-
domized to receive olanzapine, perphenazine, quetiapine,
risperidone, or ziprasidone under double-blind conditions and
studied for up to 18 months or until treatment was discontinued
for any reason (phase 1). Patients whose assigned treatment was
discontinued could receive other treatments in phases 2 and 3.64,65

The present report is limited to phase 1 results.

PARTICIPANTS

Eligible patients were 18 to 65 years of age; had received a di-
agnosis of schizophrenia, as determined on the basis of the Struc-
tured Clinical Interview of the DSM-IV; and were able to take

oral antipsychotic medication. Patients were excluded if they
had a diagnosis of schizoaffective disorder, mental retarda-
tion, or other cognitive disorders; had a history of serious ad-
verse reactions to the proposed treatments; had had only 1
schizophrenic episode; had a history of treatment resistance,
defined by persistence of severe symptoms despite adequate trials
of 1 of the proposed treatments or prior treatment with cloza-
pine; were pregnant or were breastfeeding; or had a serious and
unstable medical condition.

The study was approved by the institutional review board
at each site, and written informed consent was obtained from
the patients or their legally authorized representatives.

INTERVENTIONS

Identical-appearing capsules contained olanzapine (Zyprexa;
Eli Lilly and Co, Indianapolis, Ind) (7.5 mg), quetiapine fuma-
rate (Seroquel; AstraZeneca Pharmaceuticals LP, Wilmington,
Del) (200 mg), risperidone (Risperdal; Janssen Pharmaceutica
Products, Titusville, NJ) (1.5 mg), perphenazine (Trilafon;
Schering-Plough, Kenilworth, NJ) (8 mg), or (after January
2002) ziprasidone hydrochloride (Geodon; Pfizer Inc, New
York, NY) (40 mg). The packaging was done by Quintiles Inc,
Research Triangle Park, NC. The dose of the medications was
flexible, ranging from 1 to 4 capsules daily, based on the study
physician’s judgment. Relative tablet strength was reviewed by
senior representatives from each drug manufacturer. Overlap
in the administration of the antipsychotic agents that patients
received before study entry was permitted for the first 4 weeks
after randomization to allow a gradual transition to study medi-
cation. Concomitant medications were permitted throughout
the trial, except for additional antipsychotic agents. Patients
had monthly visits with study doctors.

Because of product labeling, quetiapine and ziprasidone were
given twice daily and olanzapine, perphenazine, and risperi-
done, once daily. To protect blinding, half the patients ran-
domly assigned to perphenazine, olanzapine, and risperidone
treatment were assigned to twice-daily dosing and half to once-
daily dosing. To minimize initial adverse effects, patients as-
signed to quetiapine fumarate began treatment by receiving one
100-mg capsule on days 1 and 2, 1 twice daily on day 3, and 1
for the first dose of day 4. All patients assigned to twice-daily
dosing received 5 identical-appearing capsules to begin treat-
ment. Patients with current tardive dyskinesia (TD) as deter-
mined by a physician using Schooler-Kane criteria63 were ran-
domized to treatments other than perphenazine.

OBJECTIVES AND OUTCOMES

We hypothesized that there would be significant differences
between olanzapine, perphenazine, quetiapine, risperidone,
and ziprasidone in improvement in cognition as measured by
a neurocognitive composite score. As described in detail pre-
viously,58,59 neurocognitive assessment with 11 tests was com-
pleted to produce a valid neurocognitive composite score in
1331 of 1460 patients at baseline. The 129 patients who did
not complete baseline testing were very similar to those who
completed testing on all symptom and demographic vari-
ables.59 After 2 months in the study, 906 patients were still
taking the medication to which they had been randomized,
and 817 of them completed neurocognitive testing again
(Figure 1). The neurocognitive tests were chosen by a group
of advisors based on published standards, including sensitiv-
ity to impairment in schizophrenia, relation to functional out-
come, potential sensitivity to treatment, and practicality for a
large multisite schizophrenia antipsychotic clinical trial.52,58,59

Testers were certified at an investigators’ meeting, with fol-
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low-up certification sessions throughout the study. Data qual-
ity was reviewed at a coordinating center.58,59 Five neurocog-
nitive domain scores were calculated from 9 neurocognitive
test summary scores and standardized to create z scores
(mean [SD], 0 [1]) for each domain. A neurocognitive com-
posite score was calculated by creating a z score of the average
of the 5 standardized domain scores.59 Neurocognitive testing
was also completed after 6 months and 18 months of continu-
ing treatment with the same antipsychotic. The Pearson cor-
relation between baseline and month 2 composite score was
0.85, indicating high within-subject consistency of the mea-
sure. Additional outcomes, collected at months 1, 3, 6, 9, 12,
15, and 18, included the incidence of neurologic adverse ef-
fects and scores on the Positive and Negative Syndrome
Scale66 (PANSS). Positive and Negative Syndrome Scale scores
can range from 30 to 210, with higher scores indicating more
severe psychopathology. Scores on the Wide Range Achieve-
ment Test, third edition,67 reading subtest were used to esti-
mate premorbid intellectual abilities.

STATISTICAL ANALYSES

The statistical plan was finalized prior to the initiation of analyses
and posted on the CATIE Web site (http://www.catie.unc.edu
/schizophrenia/documents/NeurocoganalysisplanFINALNov42005
.pdf). Baseline characteristics for the 817 patients with a month
2 assessment were compared with the 514 patients who had base-
line neurocognitive testing and did not complete month 2 test-
ing in phase 1 using �2 tests or t tests. Treatment groups were
also compared on these same parameters for the patients with
month 2 data using �2 and analysis of variance tests. Within-
group improvement in cognitive performance over time was evalu-
ated with 1-sample t tests.

The primary objective was the comparison of treatment
groups for the change in neurocognitive composite score from

baseline to month 2. Secondary objectives included treatment
comparisons for change in the 5 standardized domain scores
at month 2. Statistical testing for changes at months 6 and
18 and for individual items is descriptive in nature. Treat-
ment groups were compared using analysis of covariance
(ANCOVA), adjusting for baseline score, whether the
patient had required crisis stabilization in the 3 months
prior to study entry, and TD status where applicable. All
comparisons involving perphenazine excluded patients with
TD. Because ziprasidone was added after approximately 40%
of the patients had been enrolled, ziprasidone comparisons
are secondary and were limited to the cohort of patients who
underwent randomization after ziprasidone was added.

The composite score was evaluated for overall statistical sig-
nificance between the 4 treatment groups at month 2 relative
to P=.05 with the use of a test with 3 df, excluding patients
with TD (data set 1). If the overall test result was significant,
perphenazine was then compared with each of the atypical an-
tipsychotics by a Hochberg modification68 of the Bonferroni cor-
rection for multiple treatment comparisons, in which the larg-
est P value was compared with .05 and the smallest P value was
compared with .05/3=.017. In addition, the 3 atypical drugs
were compared with each other relative to P�.05 via step-
down testing; pairwise comparisons were evaluated only if the
P value from the 2 df test was �.05 (data set 2, patients with
TD included). The ziprasidone group was compared with per-
phenazine and the other 3 atypical drugs within the ziprasi-
done cohort using a Hochberg adjustment for 4 treatment com-
parisons, in which the smallest P value was compared relative
to .05/4=.01 (data set 3, patients with TD excluded for com-
parison with perphenazine, and data set 4, patients with TD
included).

Statistical significance of the domain scores was applied in
the same manner as the composite, with 1 extra step. Overall
significance for each domain was determined by using a

All 33 Subjects From 1 Site Were Excluded
Prior to Analysis Because of Concerns About
Data Integrity

Excluded401
Did Not Meet Study Criteria124
Refused109

Other135
Decided Not Willing to Change Antipsychotic33

Assigned to Olanzapine336
Did Not Take Drug6

Completed Baseline
Neurocognitive Testing

312 Completed Baseline
Neurocognitive Testing

231 Completed Baseline
Neurocognitive Testing

306 Completed Baseline
Neurocognitive Testing

314 Completed Baseline
Neurocognitive Testing

168

Completed Baseline and211
Month 2 Neurocognitive
Testing

Completed Baseline and149
Month 2 Neurocognitive
Testing

Completed Baseline and181
Month 2 Neurocognitive
Testing

Completed Baseline and183
Month 2 Neurocognitive
Testing

Completed Baseline and93
Month 2 Neurocognitive
Testing

Included in Analysis330 Included in Analysis257 Included in Analysis329 Included in Analysis333 Included in Analysis183

(36%) Completed Phase120

Lack of Efficacy48
Lack of Tolerability62
Patient Decision78

(64%) Discontinued
Olanzapine Treatment

210

Other22

(25%) Completed Phase65

Lack of Efficacy65
Lack of Tolerability40
Patient Decision77

(75%) Discontinued
Perphenazine Treatment

192

Other10

(18%) Completed Phase60

Lack of Efficacy92
Lack of Tolerability49
Patient Decision109

(82%) Discontinued
Quetiapine Treatment

269

Other19

(26%) Completed Phase88

Lack of Efficacy91
Lack of Tolerability34
Patient Decision101

(74%) Discontinued
Risperidone Treatment

245

Other19

(21%) Completed Phase38

Lack of Efficacy44
Lack of Tolerability28
Patient Decision63

(79%) Discontinued
Ziprasidone Treatment

145

Other10

Screened1894

Randomized1493

Assigned to Pherphenazine261
Did Not Take Drug4

Assigned to Quetiapine337
Did Not Take Drug8

Assigned to Risperidone341
Did Not Take Drug8

Assigned to Ziprasidone185
Did Not Take Drug2

Figure 1. Enrollment, allocation, follow-up, and analysis. Quetiapine was given as quetiapine fumarate; ziprasidone, as ziprasidone hydrochloride.
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Hochberg adjustment for the number of domains, in which
the largest P value was compared with .05 and the smallest
P value was compared with .05/5=.01. For each domain score,
further adjustment for multiple treatment comparisons was
then applied to the significance level assigned in the overall
stage.

A sensitivity analysis of the ANCOVA model for the pri-
mary outcome evaluated the effects of potentially important base-
line covariates such as site, demographic variables, clinical char-
acteristics, alcohol and substance abuse, baseline medications,
and their interactions with treatment group. The effect of post-
baseline changes in PANSS, Abnormal Involuntary Movement
Scale,69 and Barnes and Simpson-Angus scale70 scores; compli-
ance; and the addition of anticholinergic treatment on the pri-
mary outcome at month 2 were examined using ANCOVA and
Pearson correlation. Lastly, Cox proportional hazards regres-

sion was used to evaluate whether change in the composite score
from baseline to month 2 was a predictor of subsequent time
to discontinuation for any reason and for lack of efficacy. The
analysis followed the same strategy described earlier in the pri-
mary ANCOVA model and also adjusted for baseline compos-
ite score, as well as PANSS baseline score and change from base-
line to month 1.

The power for finding a meaningful difference in neuro-
cognitive change between any pair of treatment groups, iden-
tified as one quarter of the baseline standard deviation, was ap-
proximately 97% for the primary composite score, based on a
sample size of 150 per treatment group and a standard devia-
tion for change from baseline of 0.55 (obtained from month 2
results). For the domain scores, power estimates for finding any
pairwise treatment difference ranged from 66% (SD 0.90%) to
82% (SD 0.75%).

Table 1. Demographic and Baseline Characteristics of Patients With Neurocognitive Data

Variable

BL and Month 2
Data Available,

No. (%)
(n = 817)

BL Data Available
but Month 2 Data

Not Available,
No. (%)

(n = 514)

Comparison of Patients
With Month 2 Data
vs Those Without

BL and Month 18
Data Available,

No. (%)
(n = 294)t or �² Statistic P Value

Age, y, mean (SD) 40.9 (10.8) 39.8 (11.2) −1.84 .07 42.0 (11.2)
Patient’s education, y, mean (SD) 12.2 (2.2) 12.0 (2.2) −1.38 .17 12.2 (2.2)
Duration since first prescribed antipsychotic medication, y,

mean (SD)
14.3 (10.8) 14.3 (10.3) −0.11 .92 14.8 (11.3)

PANSS total score, mean (SD) 73.9 (17.5) 77.3 (17.2) 3.42 �.001 72.1 (17.2)
Mean modal dose, capsules, mean (SD)* 2.8 (1.0) 2.4 (0.9) −6.68 �.001 2.8 (1.0)
Reached maximum dose 409 (50) 112 (26) 63.9 �.001 132 (45)
Sex

M 610 (75) 380 (75) 0.06 .81 231 (79)
F 207 (25) 125 (25) 63 (21)

Race
White 506 (62) 298 (59) 1.09 .30 197 (67)
Other 310 (38) 206 (41) 97 (33)

Ethnic origin
Hispanic 89 (11) 56 (11) 0.01 .91 32 (11)

Marital status
Married 90 (11) 67 (13) 1.88 .39 23 (8)
Previously married† 238 (29) 151 (30) 94 (32)
Never married 489 (60) 287 (57) 177 (60)

Employment status
Unemployed 687 (84) 418 (84) 0.01 .90 243 (83)

Time to discontinuation, mo, mean (SD) 11.56 (6.38) 3.24 (1.54) 27.30 �.001 18.32 (0.87)
Baseline antipsychotic medications

Olanzapine alone 200 (25) 102 (20) 3.86 .05 81 (28)
Quetiapine fumarate alone 53 (7) 33 (6) �0.01 .96 18 (6)
Risperidone alone 171 (21) 85 (17) 3.92 .05 68 (23)
Any combination that includes olanzapine, quetiapine,

or risperidone
69 (8) 52 (10) 1.07 .30 21 (7)

All others 123 (15) 90 (18) 1.41 .23 39 (13)
None 201 (25) 152 (30) 4.00 .05 67 (23)

Baseline neurocognitive composite and domain z scores
(standardized in BL sample; n = 1331), mean (SD)

Composite 0.00 (1.0) 0.00 (1.0) −0.20 .85 0.00 (1.0)
Processing speed −0.02 (1.0) 0.04 (1.1) 1.02 .31 −0.09 (1.0)
Reasoning 0.01 (1.0) −0.02 (1.0) −0.52 .61 0.03 (1.0)
Working memory 0.01 (1.0) −0.01 (1.0) −0.30 .76 0.01 (1.0)
Verbal memory 0.03 (1.0) −0.06 (1.0) −1.65 .10 0.07 (1.0)
Vigilance −0.02 (1.0) 0.03 (1.0) 0.78 .44 0.01 (1.1)

Abbreviations: BL, baseline; PANSS, Positive and Negative Syndrome Scale.
*Dosing data for patients with only baseline data available are based on a sample of n = 423. One capsule corresponds to 7.5 mg of olanzapine, 200 mg of

quetiapine fumarate, 1.5 mg of risperidone, 8 mg of perphenazine, and 40 mg of ziprasidone hydrochloride.
†Previously married includes widowed, divorced, or separated.
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RESULTS

CHARACTERISTICS AND DISPOSITION
OF PATIENTS

The enrollment, allocation, and follow-up of study pa-
tients were described previously.63 One thousand four
hundred ninety-three patients were enrolled in the study
and randomized to treatment. Data from 33 subjects at 1
site were excluded prior to analysis for poor integrity. The
1331 patients who were tested at baseline were found in
previously published analyses to be very similar on demo-
graphic measures to the total number of 1460 patients who
were entered into the study,59 and this conclusion applies
to the current cohort of 817 patients who completed neu-
rocognitive testing at baseline and at the primary end point,
2 months postbaseline. This group of patients is the pri-
mary cohort for this report. At baseline, 25% of patients
reported being antipsychotic-free, 60% of patients were tak-
ing second-generation antipsychotics, 10% were taking first-
generation antipsychotics, and 5% were taking a combi-
nation of first- and second-generation antipsychotics. The
percentages of patients who were randomized to the same
drug they reported taking at baseline are as follows: olanza-
pine, 30%; perphenazine, 0%; quetiapine, 10%; risperi-
done, 24%; and ziprasidone, 4%. The baseline demo-
graphic and clinical characteristics of the primary cohort
and those who were tested at baseline but not at 2 months
(n=514) are described inTable1. Patients who were tested
at baseline and month 2 had lower PANSS scores and higher
doses during the course of phase 1. The other measures,
including neurocognitive composite and domain scores,
were not different between groups. The primary cohort was
representative of the population of patients with chronic
schizophrenia except there were fewer women (25%). Pa-
tients who completed testing at baseline and 18 months
were very similar to the primary cohort.

Mean modal doses during the entire course of phase 1
for the patients who had neurocognitive test data at base-
line and 2 months were olanzapine, 21.0 mg/d; perphen-
azine, 21.5 mg/d; quetiapine fumarate, 566.3 mg/d; ris-
peridone, 4.1 mg/d; and ziprasidone hydrochloride, 121.9
mg/d. Mean modal doses at month 2 were very similar but
slightly lower: olanzapine, 19.6 mg/d; perphenazine, 20.3
mg/d; quetiapine fumarate, 528.3 mg/d; risperidone, 3.9
mg/d; and ziprasidone hydrochloride, 117.4 mg/d. The
doses of the second-generation drugs are similar to what
is found in clinical practice,71,72 although the doses of
olanzapine and quetiapine are about 30% higher. Seventy-
four percent of patients discontinued their assigned treat-
ment in phase 1 prior to 18 months, with a median time
of 6 months. Because treatment discontinuation differed
between treatments,63 the percentage of patients who pro-
vided neurocognitive data at the 2-month assessment also
differed between treatments as follows: olanzapine, 68%;
perphenazine, 65%; quetiapine, 59%; risperidone, 58%; and
ziprasidone, 55%. Mean modal doses for the patients who
had neurocognitive test data at baseline and 18 months
were olanzapine, 20.5 mg/d; perphenazine, 22.0 mg/d;
quetiapine fumarate, 596.3 mg/d; risperidone, 4.1 mg/d;
and ziprasidone hydrochloride, 118.7 mg/d.

NEUROCOGNITIVE EFFECTS OF TREATMENT

Neurocognitive Changes After 2 Months
of Treatment

Change in the neurocognitive composite score from base-
line to 2 months, the primary outcome measure in this
study, showed improvement in each of the treatment
groups. In the primary set of patients without TD (data
set 1), treatment resulted in the following composite score
improvements: olanzapine, 0.13 (P�.002); perphen-
azine, 0.25 (P�.001); quetiapine, 0.18 (P�.001); and ris-
peridone, 0.26 (P�.001). (Least-squares means are pre-
sented in Figure 2; means are presented in Table 2).
There was no overall difference between the treatment
groups (P=.20). When patients with TD were included
in the analysis (data set 2) and TD was used as an addi-
tional covariate in the analysis, the results were similar,
with composite score improvements of 0.13 for olanza-
pine, 0.14 for quetiapine, and 0.22 for risperidone. Pa-
tients with TD had less overall improvement than those
without TD (t573=2.33; P=.02). However, the TD� treat-
ment group interaction for neurocognitive composite
score change was not statistically significant (P=.27).
Within the cohort of 463 patients who underwent ran-
domization after ziprasidone was added to the trial, the
results were similar and not statistically significant be-
tween groups. The ziprasidone group had improve-
ments of 0.12 (P�.06) when patients with TD were ex-
cluded (data set 3) and 0.18 (P�.001) when they were
included (data set 4).

Treatment analyses were also completed with site, Wide
Range Achievement Test reading score, years of educa-
tion, and baseline alcohol and substance use included in
the model. These covariates did not produce statistics that
differed from the unadjusted analyses.

A model of prediction of improvement in neurocog-
nitive composite score from baseline to 2 months
(R2=0.19) suggested that lower baseline composite score
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Figure 2. Least-squares mean improvement in neurocognitive composite
score after 2 months of antipsychotic treatment, adjusted for baseline score
and whether the patient required crisis stabilization in the 3 months prior to
study entry. Patients with tardive dyskinesia were not included in the data
presented in this figure (data set 1). Only the ziprasidone hydrochloride data
were from data set 3, collected when ziprasidone became available, after
40% of the patients had already been entered into the study. Quetiapine was
given as quetiapine fumarate.
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(P�.001), higher Wide Range Achievement Test read-
ing score (P�.001), presence of substance abuse at base-
line (P=.002), better compliance (P=.003), greater im-
provement in PANSS Negative Symptom Scale scores at
1 month (P= .007), absence of TD (P= .01), and site
(P=.01) were all significant predictors of greater cogni-
tive improvement.

Change With Treatment in Neurocognitive Domain
Scores and Individual Outcome Measures

Figure 3 and Table 2 present the changes in the 5 neu-
rocognitive domains from baseline to 2 months. There
was no significant disparity between the groups in im-
provement across the neurocognitive domains (all P val-
ues �.08).

Since there were no differences between treatment
groups on the neurocognitive composite and domain
scores, presentation of the individual measures at base-
line and month 2 includes the entire cohort collapsed
across treatment groups (Table 3). Change in the in-
dividual measures was small but consistently positive.

Neurocognitive Change After 6 Months
of Treatment

There were 523 patients who completed neurocognitive
testing at baseline and then 6 months later while still re-
ceiving the medication to which they had been random-
ized. In the original analytic plan, the comparisons at 6
months were considered exploratory and thus not eli-
gible for statistical thresholds for significance. The neu-
rocognitive composite score improved (P�.001) for each
of the treatment groups from baseline to 6 months of treat-
ment. There were no differences between the groups on
the change in the neurocognitive composite score (P=.35)
or any of the neurocognitive domains (all P values �.01).

Neurocognitive Change After 18 Months
of Treatment

A total of 303 patients were tested at 18 months while
still receiving the medication to which they had origi-
nally been randomized. Thus, 37% of the patients from
the 2-month analyses were included. The 303 patients

Table 2. Change in Neurocognitive Composite z Scores and Domain z Scores From Baseline to Month 2 by Treatment*

z Score, Mean (SD)
F Test; P Value;

Paired ComparisonOlanzapine Perphenazine Quetiapine Risperidone Ziprasidone

Data set 1† n = 163 n = 149 n = 146 n = 151
Composite score 0.13 (0.52) 0.25 (0.57)‡ 0.18 (0.51) 0.26 (0.62) NA 1.54; .20; NS§
Processing speed 0.15 (0.52) 0.18 (0.54)‡ 0.21 (0.57) 0.13 (0.54) NA 1.06; .37; NS§
Reasoning 0.11 (0.65) 0.20 (0.74)‡ 0.08 (0.67) 0.22 (0.72) NA 1.27; .28; NS§
Working memory 0.10 (0.70) 0.18 (0.78)‡ 0.05 (0.78) 0.26 (0.87) NA 0.82; .48; NS§
Verbal memory −0.01 (0.86) 0.17 (0.92)‡ −0.01 (0.86) 0.15 (0.95) NA 2.26; .08; NS§
Vigilance 0.19 (0.73) 0.24 (0.76)‡ 0.37 (0.78) 0.30 (0.84) NA 1.41; .24; NS§

Data set 2 � n = 211 n = 181 n = 183
Composite score 0.13 (0.53)‡ NA 0.14 (0.54)‡ 0.22 (0.60)‡ NA 0.89; .41; NS§
Processing speed 0.14 (0.53)‡ NA 0.18 (0.58)‡ 0.08 (0.54)‡ NA 1.98; .14; NS§
Reasoning 0.10 (0.66)‡ NA 0.03 (0.70)‡ 0.21 (0.69)‡ NA 2.69; .07; NS§
Working memory 0.09 (0.70)‡ NA 0.04 (0.75)‡ 0.20 (0.86)‡ NA 1.09; .34; NS§
Verbal memory −0.02 (0.87)‡ NA −0.02 (0.88)‡ 0.13 (0.95)‡ NA 1.45; .23; NS§
Vigilance 0.20 (0.74)‡ NA 0.34 (0.76)‡ 0.27 (0.81)‡ NA 0.94; .39; NS§

Data set 3¶ n = 81 n = 74
Composite score NA 0.26 (0.63) NA NA 0.12 (0.51) NA
Processing speed NA 0.16 (0.59) NA NA 0.03 (0.38) NA
Reasoning NA 0.19 (0.70) NA NA 0.15 (0.67) NA
Working memory NA 0.20 (0.81) NA NA 0.18 (0.67) NA
Verbal memory NA 0.22 (0.95) NA NA −0.08 (0.91) NA
Vigilance NA 0.29 (0.89) NA NA 0.16 (0.52) NA

Data set 4# n = 100 n = 99 n = 90 n = 93
Composite score 0.10 (0.51) NA 0.25 (0.52) 0.23 (0.55) 0.18 (0.54)‡ NA
Processing speed 0.14 (0.61) NA 0.26 (0.53) 0.07 (0.53) 0.08 (0.40)‡ NA
Reasoning 0.06 (0.67) NA 0.09 (0.66) 0.26 (0.72) 0.14 (0.69)‡ NA
Working memory 0.10 (0.64) NA 0.14 (0.79) 0.20 (0.80) 0.24 (0.70)‡ NA
Verbal memory −0.05 (0.80) NA 0.07 (0.97) 0.23 (0.89) 0.01 (0.97)‡ NA
Vigilance 0.15 (0.71) NA 0.43 (0.73) 0.19 (0.80) 0.24 (0.64)‡ NA

Abbreviations: NA, not applicable; NS, not significant; TD, tardive dyskinesia.
*The sample size varies because of sporadic missing data; the sample size for “vigilance” was the most reduced, with a mean reduction of 13.7% per group in

each comparison. Quetiapine was given as quetiapine fumarate; ziprasidone, as ziprasidone hydrochloride.
†Perphenazine vs olanzapine, quetiapine, and risperidone excluding patients with TD and patients taking ziprasidone.
‡Treatment conditions of primary interest in each data set.
§The tests were not performed since the overall P value did not meet the criterion for significance as described in the statistical plan.
�Olanzapine vs quetiapine vs risperidone including patients with TD, excluding patients taking ziprasidone or perphenazine.
¶Ziprasidone vs perphenazine excluding patients with TD, including patients taking ziprasidone.
#Ziprasidone vs olanzapine, quetiapine, and risperidone including patients with TD and patients taking ziprasidone.
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represent only 21% of the 1460 patients entered into the
trial. Comparisons were made to determine if the 303 pa-
tients who continued for 18 months taking the medica-
tion to which they had been randomized were different
from the other patients (n=1028) on the neurocogni-
tive scores at baseline. There were no significant differ-

ences on the composite score or any of the individual do-
mains (all P values �.05), suggesting that the patients
in these analyses are representative of the entire cohort
in terms of baseline neurocognition. The percentage of
patients who provided neurocognitive data at the 18-
month assessment differed between treatments as fol-

0.7

0.5

0.6

0.4

0.2

0.1

0

0.3

–0.1

Le
as

t-S
qu

ar
es

 Im
pr

ov
em

en
t

in
 N

eu
ro

co
gn

iti
on

Olanzapine
Perphenazine
Quetiapine
Risperidone
Ziprasidone

Speed Reasoning Working
Memory

VigilanceVerbal
Memory

Figure 3. Least-squares mean improvement in
neurocognitive domain scores after 2 months of
antipsychotic treatment, adjusted for baseline score
and whether the patient required crisis stabilization
in the 3 months prior to study entry. Patients with
tardive dyskinesia were not included in the data
presented in this figure (data set 1). Only the
ziprasidone hydrochloride data were from data set 3,
collected when ziprasidone became available, after
40% of the patients had already been entered into
the study. Quetiapine was given as quetiapine
fumarate.

Table 3. Neurocognitive Raw Scores for 817 Patients With Both a Baseline and a Month 2 Composite Score

Variable

Baseline Month 2

No. Mean (SD) No. Mean (SD)

COWAT73 score
F words 816 9.7 (4.1) 817 9.9 (4.0)
A words 816 7.8 (3.6) 817 7.9 (3.7)
S words 816 9.9 (4.3) 816 10.0 (4.3)
Sum 816 27.5 (10.6) 817 27.8 (10.8)

Category Instances73 score
Animals 817 14.0 (5.0) 817 14.1 (4.8)
Fruits 817 10.2 (3.4) 816 10.2 (3.6)
Vegetables 817 8.7 (3.4) 816 8.8 (3.5)
Sum 817 32.8 (10.0) 817 33.0 (10.3)

WISC-III Mazes74 score 808 17.6 (5.8) 810 18.2 (5.7)
Letter-Number Sequencing75 score 812 10.2 (4.4) 814 10.9 (4.4)
Hopkins Verbal Learning Test76 score

Trial 1 816 4.8 (1.8) 816 4.9 (1.8)
Trial 2 816 6.5 (2.1) 815 6.7 (2.2)
Trial 3 817 7.6 (2.4) 815 7.7 (2.4)

WAIS-R77 digit symbol score 817 37.2 (13.0) 816 38.8 (13.9)
Grooved Pegboard78 score

Trial 1 813 11.7 (3.9) 811 12.5 (4.0)
Trial 2 813 13.2 (4.0) 809 13.7 (4.1)

CPT d�79 score
2 Digit 672 2.339 (1.032) 720 2.602 (0.998)
3 Digit 674 1.781 (0.915) 709 1.984 (0.947)
4 Digit 659 1.010 (0.744) 679 1.136 (0.805)

Visuospatial Working Memory80 test score
No delay condition 745 2.4 (3.1) 762 2.5 (3.1)
5-s Condition 745 27.8 (18.6) 762 26.7 (16.5)
15-s Condition 745 30.3 (18.9) 762 29.5 (18.1)
Mean of 5- and 15-s condition minus no delay 745 26.7 (17.4) 762 25.6 (15.8)

Wisconsin Card Sorting Test–6481 score
Preservative errors 781 13.5 (10.1) 785 12.0 (9.3)
Categories completed 780 2.1 (1.6) 785 2.3 (1.7)
Categories completed � additional cards in final category 780 2.34 (1.71) 785 2.46 (1.77)

Abbreviations: COWAT, Controlled Oral Word Association Test; CPT, Continuous Performance Test, identical pairs; WAIS-R, Wechsler Adult Intelligence
Test–Revised Edition; WISC-III, Wechsler Intelligence Scale for Children, Third Edition.
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lows: olanzapine, 29%; perphenazine, 23%; quetiapine,
18%; risperidone, 21%; and ziprasidone, 18%.

In the original analytic plan, the comparisons at 18
months were considered exploratory and thus not eli-
gible for statistical thresholds for significance. In pa-
tients without TD, there were improvements in the neu-
rocognitive composite score from baseline in all of the
treatment groups (Table 4 and Figure 4). The im-
provement in the composite score from month 2 to month
18 was 0.11 (t273=3.20; P�0.01), suggesting that most
of the cognitive improvement occurred in the first 2
months of treatment.

There were overall differences between treatments in
composite scorechange(P�.05).Pairwisecomparisons sug-
gested that improvement in the neurocognitive compos-
ite score was greater in the perphenazine group (0.49) than
in the olanzapine group (0.15; P=.002) or the risperidone
group (0.28; P=.04). The ziprasidone and quetiapine groups
did not differ from any of the other treatments.

Some of the overall differences between groups were
explained by the differences in the reasoning domain, al-
though this difference would not have met the criteria
for formal statistical significance after controlling for mul-

Table 4. Change in Neurocognitive Composite z Scores and Domain z Scores From Baseline to Month 18 by Treatment*

z Score, Mean (SD)
F Test;

P ValueOlanzapine Perphenazine Quetiapine Risperidone Ziprasidone

Data set 1† n = 74 n = 52 n = 46 n = 55
Composite score 0.15 (0.54) 0.49 (0.71)‡ 0.35 (0.58) 0.28 (0.75) NA 3.63; .01
Processing speed 0.24 (0.48) 0.41 (0.72)‡ 0.43 (0.69) 0.27 (0.64) NA 1.40; .24
Reasoning 0.20 (0.80) 0.51 (0.74)‡ 0.13 (0.76) 0.17 (0.89) NA 3.44; .02
Working memory 0.00 (0.73) 0.33 (0.80)‡ 0.05 (0.75) 0.26 (1.00) NA 2.35; .07
Verbal memory −0.09 (0.85) 0.18 (1.04)‡ 0.21 (0.98) 0.14 (1.03) NA 2.18; .09
Vigilance 0.23 (0.86) 0.46 (0.69)‡ 0.58 (0.83) 0.30 (0.99) NA 2.27; .08

Data set 2§ n = 90 n = 54 n = 67
Composite score 0.18 (0.58)‡ NA 0.33 (0.61)‡ 0.25 (0.74)‡ NA 1.02; .36
Processing speed 0.26 (0.48)‡ NA 0.44 (0.67)‡ 0.23 (0.70)‡ NA 2.20; .11
Reasoning 0.23 (0.78)‡ NA 0.11 (0.79)‡ 0.21 (0.86)‡ NA 0.04; .96
Working memory 0.02 (0.81)‡ NA 0.03 (0.75)‡ 0.18 (1.02)‡ NA 0.44; .64
Verbal memory −0.05 (0.86)‡ NA 0.17 (0.98)‡ 0.09 (1.02)‡ NA 1.21; .30
Vigilance 0.26 (0.82)‡ NA 0.55 (0.84)‡ 0.28 (0.98)‡ NA 1.92; .14

Data set 3 � n = 27 n = 23
Composite score NA 0.42 (0.52) NA NA 0.33 (0.62) NA
Processing speed NA 0.38 (0.67) NA NA 0.17 (0.68) NA
Reasoning NA 0.39 (0.62) NA NA 0.32 (0.63) NA
Working memory NA 0.28 (0.73) NA NA 0.44 (0.74) NA
Verbal memory NA 0.03 (0.89) NA NA −0.04 (1.03) NA
Vigilance NA 0.53 (0.72) NA NA 0.43 (0.86) NA

Data set 4¶ n = 41 n = 25 n = 31 n = 31
Composite score 0.13 (0.48) NA 0.31 (0.68) 0.13 (0.67) 0.37 (0.60)‡ NA
Processing speed 0.27 (0.45) NA 0.35 (0.63) 0.16 (0.59) 0.25 (0.71)‡ NA
Reasoning −0.06 (0.71) NA 0.12 (0.83) 0.16 (0.88) 0.35 (0.59)‡ NA
Working memory 0.11 (0.76) NA −0.02 (0.90) 0.15 (1.00) 0.41 (0.73)‡ NA
Verbal memory −0.04 (0.90) NA 0.12 (0.85) 0.04 (1.05) −0.04 (1.04)‡ NA
Vigilance 0.25 (0.61) NA 0.68 (0.94) 0.04 (0.89) 0.46 (0.83)‡ NA

Abbreviation: NA, not applicable.
*The sample size varies because of sporadic missing data; the sample size for “vigilance” was the most reduced, with a mean reduction of 12.9% per group in

each comparison. Quetiapine was given as quetiapine fumarate; ziprasidone, as ziprasidone hydrochloride.
†Perphenazine vs olanzapine, quetiapine, and risperidone excluding patients with TD and patients taking ziprasidone.
‡Treatment conditions of primary interest in each data set.
§Olanzapine vs quetiapine vs risperidone including patients with TD, excluding patients taking ziprasidone or perphenazine.
�Ziprasidone vs perphenazine excluding patients with TD, including patients taking ziprasidone.
¶Ziprasidone vs olanzapine, quetiapine, and risperidone including patients with TD and patients taking ziprasidone.
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Figure 4. Least-squares mean improvement in neurocognitive composite
score after 18 months of antipsychotic treatment, adjusted for baseline score
and whether the patient required crisis stabilization in the 3 months prior to
study entry. Patients with tardive dyskinesia were not included in the data
presented in this figure (data set 1). Only the ziprasidone hydrochloride data
were from data set 3, collected when ziprasidone became available, after
40% of the patients had already been entered into the study. Quetiapine was
given as quetiapine fumarate.
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tiple comparisons. The perphenazine group tended to im-
prove more than the other treatment groups (Table 4).
In comparisons between the second-generation treat-
ments that included patients with TD, there were no over-
all differences between the groups.

Associations Between Cognitive Change
From Baseline and Other Clinical Changes

The Pearson correlations between change in neurocog-
nitive composite score from baseline and change in PANSS
symptom factors from baseline are listed in Table 5.
Negative correlations indicate that cognitive improve-
ment was associated with symptom reduction, but the
magnitude of these correlations was quite small. The cor-
relations between change in neurocognitive composite
score from baseline to 2 months and the 1-month and
3-month changes from baseline in extrapyramidal symp-
toms (Simpson-Angus scale mean score), TD (Abnor-
mal Involuntary Movement Scale global severity score),
and akathisia (Barnes scale global score) were r�0.05 with
all P values �.05. The correlation between neurocogni-
tive change and compliance was 0.07 (P=.04). The 151
patients who were receiving anticholinergic medica-
tions at baseline had a mean neurocognitive score change
of 0.169, which did not differ from the 666 patients who
were not receiving anticholinergic medications at base-
line, who had a mean score change of 0.224. However,
for the 38 patients who had anticholinergic medications
added during the first 2 months of treatment, compos-
ite scores worsened (mean [SD] change, −0.049 [0.46])
at the 2-month assessment, compared with other pa-
tients whose composite scores improved (mean [SD]
change, 0.190 [0.56]) (P�0.01). No interaction be-
tween neurologic or anticholinergic measures and treat-
ment group was found for the composite score.

Neurocognitive Predictors
of Treatment Discontinuation

Cox proportional hazards regression analyses sug-
gested that change in the neurocognitive composite score
from baseline to 2 months was not a significant predic-
tor of time until all-cause discontinuation. However, there
was a suggestion of a treatment interaction for this analy-
sis (P�.10). Neurocognitive improvement predicted time
to all-cause discontinuation in patients treated with queti-
apine (P=.02; hazard ratio for 0.25-SD improvement in
composite score, 0.98 [95% confidence interval, 0.954-
0.996]) and ziprasidone (P=.009; hazard ratio, 0.957 [95%
confidence interval, 0.925-0.989]) but not the other treat-

ments. Inclusion of change in PANSS score, compli-
ance, and other baseline covariates found previously to
predict time to discontinuation did not reduce the sta-
tistical significance for the quetiapine group. The pre-
diction of time to discontinuation due to inefficacy pro-
duced similar results.

COMMENT

All of the antipsychotic treatment groups had a small im-
provement in neurocognition as measured by change in
a composite score derived from 11 neurocognitive tests
assessed at baseline and after 2 months of treatment. How-
ever, there was no significant difference between the
groups. Exploratory analyses suggested that after 18
months of treatment, there might be differences be-
tween the treatments, with the older antipsychotic per-
phenazine demonstrating the most neurocognitive im-
provement. Neurocognitive improvement was found to
contribute to the overall effectiveness of some of the an-
tipsychotic treatments as measured by time to discon-
tinuation. A variety of demographic and clinical factors
contributed to neurocognitive improvement.

The current results are in contrast to numerous pub-
lished studies and 3 meta-analyses suggesting neurocog-
nitive advantages of the second-generation antipsychotic
medications compared with first-generation treat-
ments.10,15-53 This failure to document a neurocognitive ad-
vantage of second-generation antipsychotics suggests that
the positive findings from prior reports may not general-
ize well to the type of everyday clinical practice examined
in the CATIE trial. The contrast between the current re-
sults and those reported previously may be explained in
partbymethodologicaldifferencesbetween thestudies; thus,
careful scrutiny is warranted.51-54

First, the current study included neurocognitive treat-
ment data on 817 patients, more than twice as many as
the largest previous trial. It is possible that smaller stud-
ies are susceptible to results that are less stable and gen-
eralizable.

Second, in contrast to many previous studies that used
high dosages of first-generation antipsychotics, usually
haloperidol, creating an unfair comparison because of the
increased risk of extrapyramidal symptoms and anticho-
linergic treatment, which may impair cognition,51-54 this
study used relative tablet strengths that were reviewed
and approved by scientific experts and leaders from each
of the pharmaceutical companies that manufacture the
compounds. Further, the choice of perphenazine as the
representative of the older antipsychotic medications may

Table 5. Pearson Correlations Between Cognitive Change and Clinical Change From Baseline*

PANSS Score Change at 1 Month PANSS Score Change at 3 Months

Total Positive Negative General Total Positive Negative General

Change in composite score at 2 mo −0.03 −0.08 −0.06 −0.07 −0.08 −0.13 −0.10 −0.15

Abbreviation: PANSS, Positive and Negative Syndrome Scale.
*Correlations greater than r = 0.08 had P�.05; greater than r = 0.10, P�.01; and greater than r = 0.12, P�.001.
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have reduced the extrapyramidal symptoms and need for
anticholinergic treatment associated with haloperidol and
other high-potency first-generation antipsychotics,63,82 es-
pecially since the dose range of 8 to 32 mg, equivalent
to 2.5 to 10 mg of haloperidol, was lower than in most
early studies.83-85 Perphenazine, a phenothiazine, has been
available since the late 1950s. It was selected for CATIE
because it is a moderate-potency first-generation anti-
psychotic and causes only mild sedative effects and ex-
trapyramidal symptoms in the dose range selected. Al-
though it has never been considered to be an atypical
antipsychotic, one of its metabolites, N-dealkylperphen-
azine, has relatively high affinity for serotonin 2A recep-
tors, which by some definitions may confer atypical prop-
erties.86 Therefore, prior studies may have documented,
at least in part, negative effects associated with high-
dose haloperidol treatment rather than an intrinsic, spe-
cific cognitive enhancement effect associated with some
of the second-generation drugs vs the older medica-
tions. It will be important for health care professionals
using perphenazine or other first-generation antipsy-
chotics to carefully consider these dosage implications.

Third, compared with most clinical trials,87 the pres-
ent study had broad inclusion and minimal exclusion cri-
teria and allowed comorbid conditions, concomitant medi-
cations, and current substance abuse. It was conducted
at a variety of clinical settings where people with schizo-
phrenia are treated. These “real-world” features of the
study, which were intended to make the results more
widely applicable,87 may also account for the differ-
ences in results between this and previous studies. While
single-site trials that are limited to research centers and
highly screened patients may be more sensitive to the cog-
nitive changes associated with treatment and may offer
hope for the potential neurocognitive benefit of these
medications, the current results may more accurately re-
flect clinical reality.

Fourth, at least 60% of patients in this study reported
receiving atypical antipsychotic treatment prior to ran-
domization, which is substantially higher than in many
of the earlier studies, which were completed when treat-
ment with second-generation antipsychotics was less com-
mon. However, only 16% of patients were randomized
to the same drug they reported taking at baseline. Al-
though the inclusion in our statistical analyses of pa-
tients’ reports of their antipsychotic medication prior to
randomization did not change the study results, it is pos-
sible that some of the potential neurocognitive benefit
of the second-generation treatments examined in this
study had already been realized prior to the initiation of
the randomized treatment. If so, treatment effects may
have been attenuated, but this would not explain the sur-
prisingly beneficial effect of perphenazine.

Since the neurocognitive benefit of treatment in this
study was small, the possibility that neurocognitive im-
provement was due solely to practice effects or expecta-
tion biases cannot be ruled out. In studies of antipsy-
chotic medications, practice and placebo effects in
schizophrenia are impossible to disentangle from treat-
ment effects. However, 1 recent double-blind study com-
paring the effects of donepezil hydrochloride and pla-
cebo in a highly refined sample of 226 patients with

schizophrenia stabilized while taking second-gener-
ation antipsychotics suggested that patients taking pla-
cebo who had negative symptom improvement also had
neurocognitive effect size improvements of 0.22 SD af-
ter being tested twice over 6 weeks on the same test bat-
tery used in this study, suggesting a practice or placebo
effect (R.S.E.K, Anil Malhotra, MD, H.Y.M., John Kane,
MD, Robert Buchanan, MD, Anita Murthy, PharmD,
Mindy Sovel, MA, Chunming Li, PhD, Robert Gold-
man, PhD, unpublished data, July 2004) consistent with
the improvements reported herein. However, higher doses
of haloperidol may blunt working memory perfor-
mance88 and procedural learning, likely mediators of prac-
tice-related performance improvements,89,90 which may
have conferred an advantage for the newer drugs in some
previous studies, while patients treated with lower doses
of haloperidol have demonstrated learning improve-
ments, especially in first-episode samples.10,91 Thus, while
practice effects or expectation biases may be present in
patients with schizophrenia on some tests, they may be
adversely affected by certain treatments.

The elements of treatment compliance are com-
plex,92 and the current data support a weak relationship
between neurocognitive improvement and treatment com-
pliance because greater neurocognitive benefit was slightly
associated with greater compliance. Although tenuous,
these data may suggest either that increased compliance
to treatment enhances cognitive benefit or that cogni-
tive improvement encourages treatment compliance.56

Patients who had anticholinergic medication added
during the first 2 months of treatment demonstrated no
cognitive benefit, which was significantly less than those
patients who did not have anticholinergics added. This
result does not suggest that anticholinergic treatments
should be withheld to aid cognition, however, since the
extrapyramidal symptoms that are the targets of anti-
cholinergic treatment are also associated with worse cog-
nitive performance.10,22

In patients treated with quetiapine or ziprasidone, cog-
nitive improvement predicted overall treatment effec-
tiveness as measured by time to treatment discontinua-
tion. These results suggest that treatment effectiveness
is multiply determined and that cognitive improvement
is one of the significant determinants. Cognitive change
was a predictor of treatment discontinuation in patients
receiving quetiapine and ziprasidone, which produced
relatively weak symptom response in this study.63 The
differences between treatment groups in the contribu-
tion of cognitive improvement to longer periods to dis-
continuation suggest that cognitive improvement may be
a contributor to treatment continuation in patients who
are not demonstrating other symptom improvement or
that the absence of cognitive improvement (or worsen-
ing) may be particularly important in the decision to dis-
continue treatment. Conversely, neurocognitive change
may be a less important contributor to treatment con-
tinuation if symptom reduction is substantial. Finally, the
amount of cognitive improvement that confers to im-
proved functional outcomes such as quality of life is un-
known. The various contributors to treatment discon-
tinuation and quality of life in the CATIE trial will be
evaluated comprehensively in a future report.
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Several design features in this study limit the inter-
pretation of the findings. First, the patient population in
this study did not include patients with schizoaffective
disorder, those with only 1 schizophrenic episode, or those
who had adverse reactions to any of the treatments or
were treatment resistant and was unlikely to include pa-
tients who had responded well to their current treat-
ment. Thus, although this trial likely included a popu-
lation that was more generalizable than most clinical
trials,87 this group of patients was still selective com-
pared with the entire population of patients treated with
antipsychotic medications, and the results must be viewed
in this context. Second, a disadvantage to the random as-
signment of medications in this study is that if a medi-
cation is more effective for certain subgroups of pa-
tients who are recognizable by health care professionals,
the effectiveness of this treatment will be reduced. Third,
the randomization scheme prevented patients with TD
from receiving treatment with perphenazine. Although
all comparisons between perphenazine and the other treat-
ments eliminated patients with TD, this differential screen-
ing process may still have given an advantage to per-
phenazine with regard to neurocognitive efficacy. The
randomization of patients with TD, who may be less re-
sponsive to first-generation antipsychotic treat-
ment,93,94 may have inadvertently assigned to the per-
phenazine group patients who were more likely to respond
to the only first-generation antipsychotic in the study.
Finally, while the design of the CATIE trial allowed in-
clusion of patients not usually studied in clinical trials,
only 817 (56%) of the 1460 patients in the trial gener-
ated neurocognitive data at baseline and after having re-
ceived treatment with the same antipsychotic for 2
months, and only 303 patients (21%) generated neuro-
cognitive data after having been treated with the same
antipsychotic for 18 months. Furthermore, because of the
differential discontinuation rate between the treat-
ments,63 a smaller percentage of patients were tested at
end point with some of the treatments. Thus, the gen-
eralizability of these findings to the large community of
patients receiving antipsychotics must be considered.

In sum, neurocognitive improvement associated with
antipsychotic treatment in patients with schizophrenia
was small and not different between treatments, includ-
ing the first-generation antipsychotic perphenazine. A va-
riety of issues may explain the contrast between the cur-
rent findings and previous studies that had suggested an
advantage of second-generation treatments, such as the
relatively low dose of perphenazine, the overall high dis-
continuation rate in the study, and the lower percent-
age of patients entering the study while taking first-
generation antipsychotics compared with earlier studies.
Neurocognitive changes may be important predictors of
treatment discontinuation with certain antipsychotics.
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