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Objective: The effect of antipsychotic
medication on neurocognitive function
remains controversial, especially since
most previous work has compared the ef-
fects of novel antipsychotic medications
with those of high doses of conventional
medications. This study compares the
neurocognitive effects of olanzapine and
low doses of haloperidol in patients with
first-episode psychosis.

Method: Patients with a first episode of
schizophrenia, schizoaffective disorder, or
schizophreniform disorder (N=167) were
randomly assigned to double-blind treat-
ment with olanzapine (mean modal dose=
9.63 mg/day) or haloperidol (mean modal
dose=4.60 mg/day) for the 12-week acute
phase of a 2-year study. The patients were
assessed with a battery of neurocognitive
tests at baseline and 12 weeks after be-
ginning treatment.

Results: An unweighted neurocognitive
composite score, composed of measures
of verbal fluency, motor functions, work-
ing memory, verbal memory, and vigi-

lance, improved significantly with both
haloperidol and olanzapine treatment
(effect sizes of 0.20 and 0.36, respectively,
no significant difference between groups).
A weighted composite score developed
from a principal-component analysis of
the same measures improved to a signifi-
cantly greater degree with olanzapine,
compared with haloperidol. Anticholin-
ergic use, extrapyramidal symptoms, and
estimated IQ had little effect on the statis-
tical differentiation of the medications, al-
though duration of illness had a modest
effect. The correlations of cognitive im-
provement with changes in clinical char-
acteristics and with side effects of treat-
ment were significant for patients who
received haloperidol but not for patients
who received olanzapine.

Conclusions: Olanzapine has a benefi-
cial effect on neurocognitive function in
patients with a first episode of psychosis.
However, in a comparison of the effects of
olanzapine and low doses of haloperidol,
the difference in benefit is small.

(Am ] Psychiatry 2004; 161:985-995)

Neurocognition is severely impaired in schizophre-
nia. Measures of certain crucial functions, such as atten-
tion, memory, executive functions, and motor speed, in
patients have been reported to reach two standard devia-
tions below the mean for healthy comparison subjects (1).
Meta-analytic techniques, which tend to underestimate
the size of a statistical effect, have suggested that patients
with schizophrenia perform between one and one and
one-half standard deviations below the normal mean in
numerous areas of neurocognition (2). Neurocognitive
impairment is present at the first episode of psychosis,
and patients with a first episode of psychosis may be as se-
verely impaired in many cognitive domains as patients
with chronic schizophrenia (3-5).

Neurocognitive impairment is associated with key fea-
tures of schizophrenia, such as outcome and adaptive dys-
function (6, 7), including the inability to acquire skills,
poor social problem solving, and poor community func-
tioning (6, 8). Cognitive impairment may a stronger corre-
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late of poor outcome than any other symptom domain (6).
Thus, neurocognitive performance has come to be viewed
as a crucial target for pharmacologic treatments for psy-
chotic disorders.

Typical antipsychotics given at traditionally used doses
provide little benefit in treating the cognitive disturbances
of patients with schizophrenia (9). Atypical antipsychotic
medications appear to improve cognitive performance in
those patients (10, 11). Clozapine (12-14), risperidone (14—
16), olanzapine (14, 16), and quetiapine (17) are associated
with improved cognitive performance in patients with
schizophrenia. A meta-analysis of 15 studies published as
of July, 1998—all but two of which assessed the cognitive
effects of clozapine or risperidone—suggested that signifi-
cant improvement in cognition was found with the atypi-
cal antipsychotics even when the results of each study were
corrected for multiple comparisons (18). Data published
after this meta-analysis was completed suggested that
olanzapine may have cognition-enhancing properties that
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TABLE 1. Demographic and Clinical Characteristics of Patients With First-Episode Psychosis in a Study Comparing the Neu-
rocognitive Effects of Olanzapine and Low Doses of Haloperidol

Olanzapine Group

Haloperidol Group

(dose range = 5-20 (dose range = 2-20 Analysis
Characteristic mg/day) (N=89) mg/day) (N=78) All Patients (N=167) (p)
N % N % N %
Demographic characteristics
Sex 0.06°
Male 70 78.7 70 89.7 140 83.8
Female 19 21.4 8 10.3 27 16.2
Ethnicity 0.85%
Caucasian 45 50.1 39 50.0 84 50.3
African descent 33 37.1 32 41.0 65 38.9
East/Southeast Asian 2 23 3 3.9 5 3.0
Western Asian 1 1.1 1 1.3 2 1.2
Hispanic 5 5.6 2 2.6 7 4.9
Other 3 3.4 1 1.3 4 2.4
Mean SD Mean SD Mean SD
Age (years) 23.7 4.6 24.1 4.6 23.9 4.6 0.49°
Clinical characteristics
Duration of illness (days) 360.8 3371 513.3 424.1 432.1 386.8 0.01°
Duration of previous antipsychotic use (days) 41.6 53.9 42.7 99.1 421 76.4 0.40P
N % N % N %
No previous antipsychotic use 19 214 27 34.6 46 27.54 0.06°
Diagnosis 0.05%
Schizophrenia 50 56.2 58 74.3 108 64.7 —
Schizoaffective disorder 10 11.2 4 5.1 14 8.4 —
Schizophreniform disorder 29 32.6 16 20.5 45 26.9 —
Mean SD Mean SD Mean SD
Positive and N#egative Syndrome Scale (23) total score 80.83 14.30 81.90 15.60 81.30 14.90 0.63P
Montgomery-Asberg Depression Rating Scale (24) total
score 10.90 7.20 11.10 6.98 10.98 7.10 0.77°
Clinical Global Impression severity of illness score 4.53 0.61 4.64 0.66 4.58 0.63 0.29P
National Adult Reading Test (25) score (N=143) 20.54 11.77 27.19 10.95 23.50 11.84 0.007°
WAIS-R (26) cluster score (N=142) 24.91 8.28 27.86 8.56 26.26 8.51 0.07°
Modified Edinburgh Handedness Inventory (27) score
(N=142) 18.57 5.77 18.12 6.61 18.36 6.16 0.75P
a Fisher’s exact test.
b wilcoxon test.
are at least as substantial as those reported for risperidone Method

and clozapine (14, 16). However, recent considerations,
such as the importance of the dose of typical antipsychotic
comparators (11, 18), have called into question whether
atypical antipsychotics actually improve cognition or
whether they simply afford a release from the deleterious
effects, such as extrapyramidal symptoms, of inappropri-
ately large doses of typical antipsychotics and concomitant
adjunctive agents such as anticholinergics (11, 18, 19).
Lower doses of typical medications may not have as delete-
rious an effect on cognition as the traditional dose ranges
for those medications (20-22).

This study is a randomized, double-blind trial of rela-
tively low doses of haloperidol versus olanzapine in a large
group of patients with first-episode psychosis. We tested
the following hypotheses: 1) olanzapine will improve neu-
rocognitive functions after a 12-week trial, and 2) cogni-
tive improvements with olanzapine will exceed those
found with low doses of haloperidol.
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Study Setting and Sponsorship

The project was conducted at 14 academic medical centers in
North America and Western Europe. Funding was provided by
Lilly Research Laboratories. The study was directed by a steering
committee composed of the study principal investigator (J.A.L.),
the sponsor’s lead investigators (M.T., G.D.T.), the principal study
biostatistician (T.M.S.), and the 14 site principal investigators.

Patient Selection Criteria

Patients were included in the study if they met the following
criteria: 1) were age 16-40 years; 2) had onset of psychotic symp-
toms before age 35 years; 3) met the DSM-1V criteria for schizo-
phrenia, schizophreniform disorder, or schizoaffective disorder,
as assessed with the Structured Clinical Interview for DSM-IV, Re-
search Version; 4) experienced psychotic symptoms (delusions,
hallucinations, thought disorder, and grossly bizarre behavior) for
at least 1 month but not more than 60 months; 5) had a score >4
on at least two Positive and Negative Syndrome Scale (23) psycho-
sis items (P1, P2, P3, P5, or P6) or a score 25 on one psychosis
item; 6) had a Clinical Global Impression (CGI) severity of illness
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TABLE 2. Measures Used in a Study of the Neurocognitive Effects of Olanzapine and Low Doses of Haloperidol in Patients
With First-Episode Psychosis?

Test Battery and

Neurocognitive Construct Measure Description
Primary battery
Verbal fluency Controlled Oral Association Test Subjects are asked to generate as many words as possible beginning with F,
(29) A, and S in three separate trials of 60 seconds.

Category instance generation (29) Subjects are asked to name as many words as possible in 60 seconds within
each of three categories (animals, fruits, vegetables).

Attention Continuous Performance Test, Subjects are asked to respond to a series of 450 four-digit numbers presented
Identical Pairs Version (28) on a computer screen at a rate of one per second by lifting a finger from a
mouse key whenever the number is identical to the previous number in
the series.
Verbal memory California Verbal Learning Test (30) Subjects are asked to recall as many words as possible from a list of 16 words
and learning read aloud by the tester. The procedure is repeated five times.
Visuomotor speed WAIS-R digit-symbol test (26) Each numeral (1 through 9) is associated with a different simple symbol, and

the subject is asked to copy as many symbols associated with the numerals
as possible in 90 seconds.
Working memory Dot Test of Visuospatial Subjects are shown a series of dots at different locations on separate pieces
Working Memory (31) of paper and are asked either to copy the location of the dot or recall the
position of the dot after a delay of 10 or 20 seconds. The difference
between the copy and recall trials is calculated as a measure of “working
memory deficit.”
Letter-Number Sequencing Test Clusters of letters combined with numbers (e.g., N6G2) are read aloud by the
(32) tester, and the subject is asked to reorganize the cluster so that the
numbers are listed first, from lowest to highest, followed by the letters in
alphabetical order.
Motor speed Finger Oscillation Test (33) Subjects are asked to tap the index finger as quickly as possible for 10
seconds. An average for five trials is calculated for each hand.
Secondary battery

Executive functions Wisconsin Card Sorting Test, Subjects complete a complex task of categorization, set shifting, and
64-card version (34) response to feedback from the tester. Only 64 cards were presented at each
testing session.
Trail Making Test part B (33) Subjects are asked to draw lines connecting circles as quickly as possible by
shifting from numbers to letters.
Disinhibition Variable-interval delayed In this computerized test, subjects are instructed to decide whether to
alternation task (35) respond (go) or not respond (no go) after seeing a large illuminated circle.

On the basis of feedback indicating whether responses were accurate,
subjects are to learn that the correct response pattern alternates between
“g0” and “no go” responses. After this learning period, the trial continues
with varying delay periods of 4, 8, and 16 seconds between the stimulus
and cue to respond. Feedback about accuracy is provided after each trial.

Object alternation task (36) Subjects are to learn that an object (either a green cylinder or a red triple
octahedron) under which a penny is hidden is being alternated after each
correct response. The learning criterion is 12 consecutive correct
responses. The task continues until the learning criterion is met or 50 trials
are completed.

Stroop Color and Word Test (37) This test measures the ability to name the color of a series of colored words
rather than read the color names.

Design fluency Ruff Figural Fluency Test (38) Subjects are asked to generate as many unique designs as possible by using

varying backgrounds within five 45-second time periods.

Visual memory Wechsler Memory Scale— Subjects are asked to copy immediately from memory a series of four simple
Revised visual reproduction with  drawings. After a delay of 20 minutes, they are asked to draw what is
delayed recall (39) remembered from the four drawings.

Additional motor task Trail Making Test part A (33) Subjects complete a simple test of attention and motor speed without set-

shifting requirements, as in Trail Making Test part B.
Visual orientation Benton Line Orientation Test (40)  Subjects are asked to determine the orientation of a series of 30 line-pairs

presented on index cards.
Additional battery?
Estimate of premorbid National Adult Reading Test, 2nd  Subjects read a series of words aloud to test the accuracy of pronunciation.

intellectual functions ed. (25)
Estimate of current WAIS-R vocabulary/information/ Subjects provide definitions of words (vocabulary), answer informational
intellectual functions block design cluster (26) questions (information), and construct designs from blocks with colored
patterns (block design).
Handedness Modified Edinburgh Subjects perform a series of 11 activities to determine handedness. Subjects
Handedness Inventory (27) are scored as left- (score=0), mixed- (score=1), or right- (score=2) handed

for each activity.

a At the Utrecht, Netherlands, site, Dutch versions of the tests were used. For those tests without standard instructions in Dutch, the English
instructions were translated into Dutch for this study. No significant differences were found between the performance of patients tested at
the Utrecht site in Dutch and those tested in English at the other sites.

b Completed after 12 weeks of treatment.
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TABLE 3. Raw Scores on Measures of Neurocognition Before and After 12 Weeks of Treatment With Olanzapine and Low
Doses of Haloperidol in Patients With First-Episode Psychosis

Haloperidol Group
(dose range = 2-20 mg/day)

Olanzapine Group

(dose range = 5-20 mg/day)

Baseline 12 Weeks Baseline 12 Weeks
Measure N Mean SD Mean SD N Mean SD Mean SD
Primary battery
Verbal fluency
Controlled Oral Association Test score 78 31.85 10.80 31.44 11.07 89 30.53 11,55 30.88 10.37
Category instances 78  35.85 10.17 3527 895 88 3397 1036 34.15 10.54
Total 78  67.69 18.66 66.71 1797 88 64.56 2047 65.02 18.59
Continuous Performance Test, Identical Pairs Version
response sensitivity measure 69 1.16 0.67 120 0.69 78 1.02 0.70 140 0.84
California Verbal Learning Test
Total words recalled 75 3996 1347 46.75 1057 86 41.56 12.53 47.46 12.32
Learning score (trial 5-trial 11) 75 4.23 2.50 4.00 209 86 426 2.59 4.01 223
WAIS-R digit-symbol test score 78  47.89 12.64 49.14 1214 89 4583 1341 50.07 13.34
Working memory
Dot Test of Visuospatial Working Memory score (deficit) 78 1.25 1.70 0.75 1.01 89 0.98 1.28 0.69 1.41
Letter-Number Sequencing Test score (correct responses) 78  12.69 443 1323 348 87 1236 394 1270 4.21
Finger Oscillation Test
Oscillations with preferred hand 78 46.00 11.38 4459 946 88 4590 9.27 46.98 8.01
Oscillations with nonpreferred hand 77 4036  11.53 40.14 1029 88 4216 8.06 42.51 7.81
Total 77  86.26 21.14 84.79 1834 88 88.06 16.45 89.55 14.91
Secondary battery
Wisconsin Card Sorting Test
Perseverative errors 75 1249 8.94 11.22 950 84 1211 878 1271 9.30
Categories achieved 75 249 1.51 277 170 84 251 1.50 256 1.85
Trailmaking Test A (seconds) 76 34.41 14.62 3216 1550 86 36.83 1736 3432 17.87
Trailmaking Test B (seconds) 75 103.00 103.05 86.47 7019 85 99.81 69.17 87.75 62.06
Wechsler Memory Scale—Revised (WMS-R) visual
reproduction immediate recall score 76 3245 5.63 3352 485 85 3154 575 3294 5.07
Variable-interval delayed alternation task
Number of trials 74 4747  35.13 3635 34.83 80 53.85 38.61 3842 37.23
Discriminability score 74 0.35 0.35 0.56 036 81 0.39 0.36 0.54 0.38
Response bias score 74 0.46 0.21 048 021 81 049 0.22 047 0.20
WMS-R visual reproduction delayed recall score 76  28.21 8.27 3047 6.07 85 2635 923 3036 7.10
Object alternation task
Total errors 71 33.99 14.99 27.04 16.92 80 33.13 17.01 27.80 17.82
Perseverations 71 10.47 7.94 699 671 80 1058 8.26 8.08 7.54
Consecutive correct responses 71 7.45 2.94 815 3.01 80 7.70 3.05 835 3.09
Stroop Color and Word Test
Words score 75 84.00 18.10 8769 1776 82 86.46 18.81 87.68 17.78
Colors score 75 60.08 14.64 60.84 1249 81 58.94 15.13 60.90 14.19
Color-words score 75 36.48 11.68 3739 1051 81 35,65 11.80 3795 943
Interference score 75 1.70 7.50 1.65 7.54 81 0.86 8.20 223 530
Ruff Figural Fluency Test
Unique designs score 72 16.10 5,57 1720 538 83 15.04 596 1649 5.81
Nonunique designs score 72 3.21 3.21 264 322 83 3.59 445 287 3.18
Benton Line Orientation Test score 73 23.06 514 2411 5.01 78 2146 6.50 2272 597

a All comparisons tested with t tests.

score 24 (moderately ill); 7) required treatment with antipsychotic
drugs on a clinical basis; 8) had a level of understanding sufficient
to communicate with the research staff and to cooperate with all
tests and examinations required by the protocol; 9) understood
the nature of the study and signed an informed consent docu-
ment (or had an authorized legal representative who understood
the nature of the study and signed an informed consent docu-
ment); and, for female patients of childbearing potential, 10) were
using a medically accepted means of contraception.

Patients were excluded from the study for any of the following
reasons: 1) prior antipsychotic drug treatment of more than 16
cumulative weeks in the patient’s lifetime, treatment with clozap-
ine at any time in the patient’s lifetime, or treatment with an
injectable depot antipsychotic within less than three dosing in-
tervals before study entry; 2) currently being pregnant or nursing;
3) a serious, unstable illness or findings from a medical examina-
tion that suggested a contraindication to antipsychotic drug
treatment; 4) a history of allergic or severe adverse reactions to
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the study medications; 5) DSM-IV substance dependence (except
caffeine and nicotine) within 1 month before visit 1; 6) having
been judged clinically to be at serious suicide risk; 7) having re-
quired treatment with anticonvulsants, benzodiazepines (except
for use that was allowed for amelioration of agitation and control
of extrapyramidal symptoms), antidepressants, psychostimulants,
or other antipsychotic drugs used concurrently with study medi-
cations and not permitted as concomitant treatments; 8) con-
traindications to neuroimaging (e.g., presence of metal prosthe-
ses) included in the local regulatory agency’s policies; 9) a history
of any DSM-1V psychotic disorder with recovery (recovery, though
based on clinical impression of the patient’s history, was defined
as the cessation of symptoms [positive and negative] and return
of functioning for 6 months or longer; for example, a patient who
had a brief psychotic disorder, recovered [no longer had positive
and negative symptoms], and then had another episode 6.5
months later would be considered to have history of psychotic

Am | Psychiatry 161:6, June 2004



Analysis (p)?

Between-Group Change Over Time
Comparison Within Within
at 12 Weeks Haloperidol Group Olanzapine Group

0.53 0.65 0.66
0.61 0.54 0.97
0.55 0.54 0.87
0.006 0.23 <0.0001
0.70 <0.0001 <0.0001
0.89 0.44 0.47
0.02 0.25 <0.0001
0.40 0.01 0.09
1.00 0.09 0.09
0.09 0.25 0.21
0.86 0.96 0.61
0.39 0.70 0.32
0.05 0.07 0.32
0.19 0.05 0.88
0.71 0.28 0.10
0.88 0.19 0.02
0.77 0.06 0.003
0.45 0.02 0.001
0.53 <0.0001 <0.0001
0.36 0.36 0.72
0.11 0.002 <0.0001
0.79 0.01 0.02
0.77 0.02 0.08
0.93 0.17 0.13
0.41 0.03 0.14
0.40 0.89 0.18
0.21 0.55 0.009
0.20 0.99 0.06
0.76 0.06 0.002
0.68 0.04 0.17
0.51 0.002 0.002

disorder with recovery); 10) a premorbid IQ of <70; or 11) having
received ECT within 1 month (30 days) before study entry.

Characteristics of Patients

Of the 263 patients randomly assigned to treatment, 244 com-
pleted the baseline neurocognitive assessments and 167 were
able to complete the neurocognitive assessments at baseline and
at the 12-week endpoint. (Table 1 summarizes the demographic
and clinical characteristics of the treatment groups.) Completers
performed significantly better than noncompleters on the WAIS-R
(26) subtests (F=5.35, df=1, 241, p<0.03) and the Continuous Per-
formance Test (28) (F=4.85, df=1, 218, p<0.03). However, these
differences were not significant after correction for multiple
comparisons.

Study Design and Procedures

Patients who met the inclusion criteria were assessed for com-
petence to provide informed consent. If they were competent, the
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study was explained and they were asked to participate and pro-
vide informed consent. Patients who had been receiving antipsy-
chotic medications underwent a washout period of 2-14 days and
were randomly assigned to treatment with olanzapine or halo-
peridol under double-blind conditions. During the 12-week acute
treatment phase of this 2-year study, the initial dose titration
ranges in the first 6 weeks were 5-10 mg/day for olanzapine and
2-6 mg/day for haloperidol and in the second 6 weeks were 5-20
mg/day for olanzapine and 2-20 mg/day for haloperidol. The
dose titration schedule and philosophy were to go slowly and tar-
get the lowest effective dose while still enabling patients to re-
ceive effective treatment. Medication doses could be adjusted as
clinically indicated within the prescribed range after week 6 of
treatment and for the remainder of the study. The mean modal
dose, defined as the dose that each individual received most fre-
quently, was 4.60 mg (SD=2.18) for haloperidol and 9.63 mg (SD=
2.18) for olanzapine. The mean modal dose during the week of
neurocognitive testing was 5.54 mg (SD=4.32) for haloperidol and
10.62 mg (SD=3.67) for olanzapine.

Specific concomitant medications were permitted for given clin-
ical indications. During the washout and acute treatment phases,
500-2000 mg/day of chloral hydrate, 1-8 mg/day of lorazepam, or
5-40 mg/day of diazepam could be given for the management of
agitation, general behavior disturbances, and/or insomnia, but
only for a cumulative duration of <21 days. These medications were
not permitted within 24 hours of neurocognitive testing.

Antiparkinsonian medications were not administered prophy-
lactically. However, if clinically significant extrapyramidal symp-
toms occurred, anticholinergic medication (up to 6 mg/day of
benztropine or biperiden, 10-80 mg/day of propranolol, or pro-
cyclidine [oral or intramuscular administration of 5-10 mg, 2-3
times daily, for a maximum dose of 30 mg/day]) was allowed to be
given. Antidepressants and mood stabilizers were not permitted
in the acute treatment phase of the study. Patients requiring these
medications were withdrawn from the study.

Testing Conditions and Timing
of Neurocognitive Assessments

Patients were scheduled to be tested at baseline, before starting
treatment with the study drug. However, a 3-day window was al-
lowed to accommodate patients who could not be tested before
receiving the study medication. Follow-up testing to determine
short-term treatment effects on neurocognition was completed
12 weeks after the initiation of the study medication. Forty per-
cent (31 of 78) of the haloperidol-treated patients and 7% (six of
89) of the patients in the olanzapine arm received anticholinergic
treatment during the week that follow-up testing was completed.

Neurocognitive Tests

The test battery was divided into three components: primary,
secondary, and additional batteries (Table 2). Tests were always
completed in the order they are listed inTable 3. As stated in the
protocol a priori, scores on only the tests from the primary bat-
tery were hypothesized to improve differentially with olanzapine
treatment. This decision was based on several factors. First, we
followed the guidelines of Keefe et al. (18) and Harvey and Keefe
(11) regarding the optimal characteristics of tests to be used in
clinical trials in which cognitive change is measured. We judged
the tests in the primary battery to adhere to these guidelines more
closely than those in the secondary battery because the primary
battery included tests with statistical properties that allow find-
ings of significant improvement in most schizophrenia patients
and because previous data suggested that these tests measure
phenomena that may be responsive to antipsychotic treatment. A
demonstrated relationship of the cognitive construct with func-
tional outcome was also a consideration. Second, since the entire
neurocognitive battery is very lengthy, we were concerned that
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TABLE 4. Effect of Treatment With Olanzapine, Compared With Low Doses of Haloperidol, on Unweighted Neurocognitive
Composite Scores of 167 Patients With First-Episode Psychosis, With Adjustment for Selected Covariates?®

Analysis of Analysis of Effect of
Difference  Overall Effect of Treatment Last Covariate Added
Variable R2 in R? Model p F df p F df p
Treatment 0.02 0.00 0.08 3.09 1,141 0.08 — — —
Covariates
Simpson-Angus Rating Scale total score 0.02 0.00 0.18 2.47 1,140 0.12 0.39 1, 140 0.53
Anticholinergic use 0.03 0.01 0.23 3.30 1,139 0.07 0.87 1,139 0.35
National Adult Reading Test score 0.03 0.00 0.35 2.73 1,138 0.10 0.19 1,138 0.66
Duration of illness 0.06 0.03 0.11 1.46 1,137 0.23 4.43 1,137 0.04

a Olanzapine dose range = 5-20 mg/day. Haloperidol dose range = 2-20 mg/day.

TABLE 5. Principal-Component Analysis of the Primary Test
Battery in a Study Comparing the Neurocognitive Effects of
Olanzapine and Low Doses of Haloperidol in 167 Patients
With First-Episode Psychosis?

Measure Weight
Verbal fluency tests 0.46
WAIS-R digit-symbol test 0.44
Working memory tests 0.43
Continuous Performance Test, Identical Pairs Version d’ 0.39
California Verbal Learning Test total words recalled 0.37
Finger Oscillation Test total 0.35

a Olanzapine dose range = 5-20 mg/day. Haloperidol dose range =
2-20 mg/day.

some patients would have difficulty completing all the tests.
While training the testers, we emphasized that if a patient was
having difficulty completing the test battery, his/her efforts
should be focused on completing the primary battery, a strategy
that would avoid discontinuation of testing at variable points in
the battery. Thus, as expected, the number of patients was slightly
smaller for the tests in the secondary battery.

The secondary battery of tests included measures that assessed
specific hypotheses deemed to be less important than the pri-
mary hypothesis of general cognitive improvement. For instance,
the Stroop Color and Word Test, the variable-interval delayed al-
ternation task, and the object alternation task were chosen to test
the hypothesis that olanzapine may improve inhibition of inap-
propriate responses. The Benton Line Orientation Test was in-
cluded to determine whether any cognitive benefit of treatment
would extend to tests of posterior brain function.

An additional battery of tests, to be used as possible covariates
in analyzing the primary and secondary batteries, was completed
only at week 12.

Statistical Methods

Primary analyses. Based on the hypotheses detailed in our
original protocol (i.e., that the cognitive functions measured by
the tests in the primary battery would respond to treatment), we
constructed a composite score that weighted each of the cogni-
tive domains from the primary battery equally. The neurocogni-
tive measures were standardized by using data from the entire
study group, without respect to treatment group membership of
patients who were tested at baseline and endpoint. The mean of
each measure was set to 0 and the standard deviation was set to 1
to allow each score to contribute to the composite without re-
spect to scaling. A patient’s scores were included in the composite
score analyses only if data from the patient were available for five
or more of the six cognitive domains. These domains and their
measures were as follows: attention (Continuous Performance
Test, Identical Pairs Version d'), verbal fluency (category instances
score plus Controlled Oral Association Test score), verbal memory
(California Verbal Learning Test total recall score), motor speed
(mean of the Finger Oscillation Test scores for the dominant hand
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and the nondominant hand), working memory (0.5 [Letter-Num-
ber Sequencing Test total score] — 0.5 [Dot Test of Visuospatial
Working Memory deficit]), and visuomotor speed (WAIS-R digit-
symbol test score). The signs of the Dot Test scores were reversed
to make them consistent with the direction of scoring for other
tests, for which higher scores reflect better performance. We then
used analysis of variance to test whether the groups differed on
this unweighted composite score.

Secondary analyses. We also formed a weighted composite
score based on the first factor from a principal-component anal-
ysis of the primary battery variables at baseline. We chose a single
factor because the first factor accounted for most of the variance
in the variables and we wanted to minimize type I statistical error.
Data were included for all patients for whom full baseline and
endpoint scores were available. The principal-component analy-
sis produced a set of weights for constructing the weighted com-
posite score for each subject at baseline. This set of weights was
applied to the endpoint neurocognitive scores to determine treat-
ment-related change.

For both composite scores, the analyses were repeated with se-
lected covariates added to the model in a stepwise procedure to
determine whether the covariates changed the basic relation be-
tween treatment and neurocognitive change. We also performed
exploratory analyses of the effects of each medication on the
neurocognitive variables and of the relation between neurocogni-
tive treatment effects and other clinical changes. Statistical sig-
nificance was set at p<0.05 and was not controlled for multiple
comparisons.

Results

Table 3 shows the raw baseline and endpoint neurocog-
nitive test scores of the two treatment groups.

Effect of Treatment
on Unweighted Composite Scores

Effect sizes were determined by dividing the difference
between the baseline mean and the endpoint mean by the
baseline standard deviation. Olanzapine improved the
unweighted composite score significantly (t=6.46, df=88,
p<0.0001), with an effect size of 0.36. Haloperidol also had
a significant effect on the unweighted composite score (t=
2.66, df=77, p<0.01), with an effect size of 0.20. The differ-
ential effect of the two treatments accounted for 2.2% of
the variance in neurocognitive change, but the result only
approached significance (F=3.09, df=1, 141, p=0.08).

Variables that might be expected to affect cognition were
added as covariates to the model sequentially, in the hy-
pothesized order of importance (Table 4): extrapyramidal
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TABLE 6. Effect of Treatment With Olanzapine, Compared With Low Doses of Haloperidol, on Weighted Neurocognitive
Composite Scores of 167 Patients With First-Episode Psychosis, With Adjustment for Selected Covariates®?

Analysis of Analysis of Effect of
Difference  Overall Effect of Treatment Last Covariate Added
Variable R2 in R? Model p F df p F df p
Treatment 0.05 0.00 0.02 5.75 1,112 0.02 — — —
Covariate
Simpson-Angus Rating Scale total score 0.05 0.00 0.06 5.14 1,111 0.03 0.05 1, 111 0.81
Anticholinergic use 0.06 0.01 0.09 3.10 1,110 0.08 0.89 1,110 0.35
National Adult Reading Test score 0.06 0.00 0.17 2.82 1,109 0.10 0.00 1,109 0.94
Duration of illness 0.10 0.04 0.04 117 1, 108 0.28 5.39 1, 108 0.02

a Weighted composite scores were based on weights from the principal-component analysis of the primary neurocognitive test battery.
b Olanzapine dose range = 5-20 mg/day. Haloperidol dose range = 2-20 mg/day.

symptoms as reflected by Simpson-Angus Rating Scale (41)
total scores, a dichotomous variable of anticholinergic
medication ingestion during the week of testing, National
Adult Reading Test scores as a proxy of premorbid 1Q, and
duration of illness. National Adult Reading Test scores and
duration of illness were included because they differed sig-
nificantly between groups at baseline. In sum, extrapyra-
midal symptoms, use of anticholinergic medication, and
National Adult Reading Test score had minimal effects on
the differential neurocognitive effect of the medications.
Duration of illness reduced the effect of treatment on the
unweighted composite score.

Principal-Component Analysis

The first eigenvalue was 2.98, and the sum of the eigen-
values was 6; thus, the first factor accounted for about 50%
of the total matrix variance. The weights for the measures
included in the first factor were all in the same direction and
ranged from 0.35 to 0.46 (Table 5). Although the weights
were close to equal, the weight for the verbal fluency sum
(0.46) was approximately 30% higher than that for the Fin-
ger Oscillation Test (0.35), indicating that the verbal fluency
measure contributed about 30% more information to the
first factor, compared with the Finger Oscillation Test.

The weighted scores were subjected to the sequence of
covariate analyses used for the unweighted composite
scores. The treatments differed significantly in their effect
on the weighted composite score (F=5.75, df=1, 112, p<0.02),
with 4.9% of the variance in the weighted composite score
explained by treatment. The effect size of this improve-
ment was 0.36 standard deviations for olanzapine and
0.15 standard deviations for haloperidol. The effects of the
covariates are summarized in Table 6.

Effects of Treatment
on Specific Neurocognitive Measures

Figure 1 shows the effect size of treatment on the mea-
sures from the primary battery, calculated as a standard-
ized z score for each measure.

Relation of Neurocognitive Change
With Other Clinical Changes

In the haloperidol group only, change in the unweighted
neurocognitive composite score was significantly corre-
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lated with changes in the CGI severity of illness score, the
Simpson-Angus Rating Scale score, and the Positive and
Negative Syndrome Scale total, negative, and general
symptom scores (Table 7). (No significant correlations
with scores on a measure of akathisia [42] were found.) In
the olanzapine group, none of these correlations were sig-
nificant. The pattern of correlations with the weighted
composite score was very similar. Significant differences
between the groups were found for the correlations of the
change in the unweighted composite score with the
change in the negative symptom score (F=5.54, df=1, 163,
p=0.02) and in the extrapyramidal symptom score (F=
4.72, df=1, 163, p=0.03) and for the correlations of the
change in the weighted composite score with the change
in the CGI severity of illness score (F=4.12, df=1, 130, p=
0.04) and in the extrapyramidal symptom score (F=7.74,
df=1, 130, p=0.006).

Discussion

The majority of published studies investigating the
neurocognitive effects of antipsychotic treatment have
had substantial methodological weaknesses (11, 18, 19).
Many of these problems were addressed in this study,
which included double-blind conditions, random assign-
ment of subjects to the medication groups, low doses of
the typical antipsychotic comparator, and a large number
of subjects. The neurocognitive effect size for olanzapine
treatment (0.36 for the unweighted and weighted com-
posite scores) was in the range of the improvements re-
ported in most previous studies of atypical antipsychotics
(11), although not as large as the benefit reported for
olanzapine by Purdon et al. (16). However, the size of this
effect was small relative to the severity of deficits found in
patients with first-episode psychosis and schizophrenia,
which ranged between one and two standard deviations
from the scores for healthy comparison subjects (2, 11).
Thus, while olanzapine improves neurocognitive func-
tion in psychotic patients, the need for further improve-
ment is substantial.

Whether neurocognitive improvement with atypical an-
tipsychotics is secondary to other clinical changes, such as
symptom improvement or release from the side effects of
typical antipsychotics, is a matter of controversy (11, 18,
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FIGURE 1. Effect Size of Change in Neurocognitive Measures After 12 Weeks of Treatment With Olanzapine and Low Doses

of Haloperidol in Patients With First-Episode Psychosis®P
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a Significant within-group differences between baseline and endpoint scores are indicated with asterisks.
b Olanzapine dose range = 5-20 mg/day. Haloperidol dose range = 2-20 mg/day.

*p<0.05. **p<0.01. ***p<0.001.

19). The absence of a significant correlation between neu-
rocognitive change and symptom change in patients
treated with olanzapine suggests that the cognitive benefit
of olanzapine is not secondary to other clinical changes.
The statistical approach and design features of this
study helped address the effects of dosing, side effects,
and anticholinergic medication on neurocognition in pa-
tients who received haloperidol. One of the key features of
this study design was the dosing strategy chosen for pa-
tients randomly assigned to receive haloperidol. Although
previous studies of the effect of atypical antipsychotics
suggested that risperidone, olanzapine, clozapine, and
quetiapine improve neurocognitive performance in pa-
tients with schizophrenia, many of these studies have
been criticized for the large doses of typical antipsychotic
medication (usually haloperidol) used in the comparison
condition (11, 18). Patients randomly assigned to the halo-
peridol arm of this study received a mean modal dose of
5.21 mg/day (260.5 mg/day of chlorpromazine equiva-
lents). The mean dose of haloperidol that patients re-
ceived the week of testing was slightly higher (5.54 mg/
day, equivalent to 277.0 mg/day of chlorpromazine equiv-
alents). Both of these doses are substantially lower than
the mean modal dose of typical antipsychotic medication
(736.4 mg/day of chlorpromazine equivalents) used as a
comparator in previous studies investigating the effects of
atypical antipsychotics on neurocognitive function (11).
The significant neurocognitive improvement in patients
who received haloperidol suggests that the relative neuro-
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cognitive efficacy of olanzapine and other atypical antip-
sychotics is partially attributable to the high doses of
typical medication usually prescribed in these studies. Al-
though methodological differences between this study
and the study of low-dose haloperidol by Green et al. (20)
limit direct comparison, the effect sizes of neurocognitive
change with haloperidol (0.20 for the unweighted com-
posite score and 0.15 for the weighted composite score)
were very similar between the studies.

The significant improvement in the composite scores
with haloperidol was supported by analyses of the individ-
ual measures from the primary battery and exploratory
posthoc analyses of the measures from the secondary bat-
tery. The specific improvement in visuospatial working
memory and Wisconsin Card Sorting Test performance
with haloperidol was unexpected. Although the working
memory benefit is potentially explained by baseline differ-
ences between groups on this measure, this finding paral-
lels work completed in nonhuman primates, which, under
stressful noise conditions, improve on measures of visuo-
spatial working memory with low haloperidol doses (0.005
mg/kg), but not with higher doses (0.01 mg/kg) (43), and
worsen with even higher doses (0.07-0.20 mg/kg) (44).

The potential effect of extrapyramidal symptoms and an-
ticholinergic medication on neurocognitive performance
in this study was limited to the patients who received halo-
peridol. Accounting for these factors had little effect on the
differentiation between the treatments. Yet, even with the
lower doses of haloperidol used in this study, the correla-
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TABLE 7. Correlation of Treatment-Related Change in Unweighted and Weighted Neurocognitive Composite Scores With
Change in Clinical Measures in Patients With First-Episode Psychosis Treated With Olanzapine and Low Doses of Haloperidol

Correlation With Change in Unweighted Scores Correlation With Change in Weighted Scores
Olanzapine Group  Haloperidol Group Olanzapine Group  Haloperidol Group
(doserange =5-20 (dose range = 2-20 (dose range =5-20 (dose range = 2-20
mg/day) (N=89) mg/day) (N=78) Analysis mg/day) (N=73) mg/day) (N=61) Analysis
Measure r p r p (p)? r p r p (p)@
Positive and Negative Syndrome

Scale score

Total -0.07 0.49 -0.23 0.04 0.23 -0.16 0.17 -0.24 0.07 0.47

Positive symptoms —-0.20 0.06 —-0.06 0.63 0.39 -0.20 0.10 -0.13 0.31 0.76

Negative symptoms 0.08 0.46 -0.25 0.03 0.02 -0.02 0.86 -0.09 0.48 0.60

General symptoms —-0.09 0.38 -0.23 0.05 0.32 -0.19 0.11 -0.29 0.02 0.35
Simpson-Angus Rating Scale

score 0.05 0.63 -0.26 0.02 0.03 0.18 0.13 -0.30 0.02 0.006
Barnes Rating Scale for Drug-

Induced Akathisia score -0.14 0.18 -0.19 0.10 0.99 -0.18 0.12 -0.13 0.32 0.60
Clinical Global Impression score  —0.03 0.82 -0.24 0.03 0.10 0.00 0.97 -0.31 0.02 0.04
Montgomery-Asberg Depression

Rating Scale score -0.04 0.69 -0.16 017 0.43 -0.06 0.61 -0.01 0.97 0.76

a Comparison of between-group difference in correlation (Pearson’s product-moment correlation).

tions between these factors and change in neurocognitive performance on similar tasks of active maintenance of vi-
performance after treatment were significant in the pa- sual information is mediated in part by activation of the
tients who received haloperidol, suggesting that the effect ~ dorsolateral prefrontal cortex (48-50), as well as other re-
of typical antipsychotics may not be neutral (19) but that gions (49-51). The dorsolateral prefrontal cortex tends to
some patients may have cognitive worsening and apparent  be less efficient in patients with schizophrenia during per-
increases in negative symptoms because of the side effects formance of these tasks (52, 53). The relationship between

of these medications. Coupled with the findings of halo- the improvement in Continuous Performance Test scores
peridol-related improvements on several of the secondary =~ with olanzapine and the potential neurobiological changes
measures, this body of work suggests the conservative con- that result from olanzapine is an intriguing subject that will
clusion that low doses of haloperidol are less deleterious be addressed in a separate manuscript that describes the
than high doses in their neurocognitive effects (11, 18-20). neuroanatomic data generated from this study.

The neurocognitive measure that improved the most in The data from this study suggest that a 12-week course

the patients who received olanzapine was the response of treatment is sufficient to detect improvement in neuro-
sensitivity measure (d') obtained from the Continuous  cognitive functioning. Although the short-term neurocog-
Performance Test, Identical Pairs Version. This measure nitive effects of olanzapine do not appear to be related to
reflects patients’ capacity to maintain vigilance in an ef- acute clinical changes, it is possible that continued im-
fortful test of visual information processing that includes ~ provement in cognitive function may lead to improved
working memory components. This improvement was long-term outcomes, such as improved quality of life (13).
paralleled by substantial gains with olanzapine on another ~ This issue will be addressed in future manuscripts gener-

measure of information processing and speed, the digit- ated from the 2-year component of this study.

symbol test of the WAIS-R. The importance of deficits in Aspects of this study limit the generalizability of the
performance on various versions of the Continuous Per- findings. First, only 167 of 244 patients were tested at
formance Test has been demonstrated in cognitive, func- baseline and then again 12 weeks later. However, after
tional, and neurobiological studies of schizophrenia. correction for multiple comparisons, no significant dif-
Compared to tasks that measure other cognitive domains, ferences were found between the patients who completed

Continuous Performance Test tasks have been found to the 12-week trial and those who did not, suggesting that
correlate more strongly with various forms of functional the study completers were relatively representative of the
outcome in patients with schizophrenia (6, 8). Deficits in larger subject group. Second, estimates of premorbid and
performance on very effortful Continuous Performance current intelligence were higher in the haloperidol group

Test versions, such as the four-digit form of the Continu- than in the olanzapine group. These measures were col-
ous Performance Test, Identical Pairs Version, have long lected at the end of the 12-week trial to ensure stabiliza-
been considered among the most fundamental impair- tion for the larger 2-year study. It is doubtful that National

ments in schizophrenia (45). Such tests reveal deficits in Adult Reading Test scores were improved by haloperidol
children at high risk for schizophrenia (28), especially treatment, but this possibility cannot be ruled out. How-

those who develop schizophrenia as adults (46), and im- ever, when National Adult Reading Test scores were added
pairments in patients with schizophrenia who perform as a covariate to the between-group analyses of neu-
normally in all other neurocognitive domains (47). Finally, rocognitive improvement, these scores did not have an
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effect. Third, this study allowed inclusion of patients who
had received up to 16 weeks of previous antipsychotic
treatment. Although very few patients had received this
much previous treatment, there was considerable hetero-
geneity on this measure, and 28% of the patients had
never taken antipsychotic medication. The inclusion of a
wide variety of first-episode patients may have had an ef-
fect on the assessment of the immediate effects of these
drugs on cognition.

In conclusion, patients with first-episode psychosis ran-
domly assigned to double-blind treatment with olanzapine
or low-dose haloperidol demonstrated significant im-
provement in neurocognitive function. The neurocogni-
tive advantage of olanzapine over haloperidol was small.
This difference approached but did not reach statistical
significance in the comparison of an unweighted compos-
ite score but was statistically significant in the comparison
of a weighted composite score developed from a principal-
component analysis. Neurocognitive improvement in pa-
tients who received olanzapine was not related to other
acute clinical improvements or side effect changes.
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