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RIGINAL ARTICLES

ong-Term Neurocognitive Effects of Olanzapine or
ow-Dose Haloperidol in First-Episode Psychosis

ichard S.E. Keefe, Larry J. Seidman, Bruce K. Christensen, Robert M. Hamer, Tonmoy Sharma,
argriet M. Sitskoorn, Stephanie L. Rock, Sandra Woolson, Mauricio Tohen, Gary D. Tollefson,

odd M. Sanger, and Jeffrey A. Lieberman, for the HGDH Research Group

ackground: Neurocognitive deficits are severe in first-episode psychosis.
ethods: Patients (N � 263) with first-episode psychosis (schizophrenia, schizoaffective, or schizophreniform disorders) were

andomly assigned to double-blind treatment with olanzapine (mean 11.30 mg/day) or haloperidol (mean 4.87 mg/day) for 104
eeks. A neurocognitive battery was administered at baseline (n � 246) and 12 (n � 167), 24 (n � 126), 52 (n � 89), and 104

n � 46) weeks during treatment. Weighted principal component and unweighted composite scores were derived from individual
ests.
esults: Both treatment groups demonstrated significant improvement on both composite scores. On the basis of the weighted
omposite score, olanzapine had greater improvement than haloperidol only at 12 (p � .014) and 24 (p � .029) weeks. For the
nweighted composite, olanzapine had significantly better improvement compared with haloperidol only at week 12 (p � .044). At
eek 12 only, olanzapine improved performance on the Digit Symbol and Continuous Performance Test significantly more than
aloperidol.
onclusions: Both antipsychotic agents appeared to improve neurocognitive functioning among first-episode psychosis patients with

chizophrenia. A significantly greater benefit in terms of neurocognitive improvement was found with olanzapine than with

aloperidol at weeks 12 and 24.
ey Words: Olanzapine, haloperidol, first-episode, schizophrenia,
eurocognition, double-blind

n patients with schizophrenia and first-episode psychosis,
neurocognitive deficits have clearly been established as an
important symptom domain associated with long-term out-

ome. On average, patients with these disorders perform one to
wo standard deviations (SD) below the baseline of healthy
ontrol participants on neurocognitive measures, such as those
ssessing attention, executive function, memory, and motor
peed (Harvey and Keefe 1997; Heinrichs and Zakzanis 1998).
eurocognitive impairment is clearly present at the first episode
f illness (Bilder et al 1992, 2000; Harvey et al 1998; Hoff et al
992; Saykin et al 1994; Seidman et al 1992). In general, the
eficits appear to be only marginally corrected with typical
ntipsychotic agents. These deficits are also independent of any
otential deleterious effect of typical antipsychotic treatment,
ecause patients with a first-episode of schizophrenia who have
ever taken antipsychotic medication already exhibit significant
eurocognitive impairment (Saykin et al 1994; Mohamed et al
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1999). Because neurocognitive deficits are among the strongest
predictors of functional outcome in patients with schizophrenia
(Green 1996; Green et al 2000; Harvey et al 1998; Velligan et al
1997, 2000), any intervention that might reduce these deficits is
crucial, because neurocognitive improvement might enhance
patients’ recovery and functional life outcomes.

A number of studies have shown that, after atypical antipsy-
chotic treatment, neurocognitive performance can be moderately
improved (Bilder et al 2002; Buchanan et al 1994; Green et al
1997; Hagger et al 1993; Harvey and Keefe 2001; Harvey et al
2003; Hoff et al 1996, 1992; Lee et al 1994; Meltzer and McGurk
1999; Purdon 1999; Purdon et al 2000, 2001; Sax et al 1998;
Sharma et al 2003; Stip and Lussier 1996; Velligan and Bow-
Thomas 1999; Velligan et al 2002). The comparator medication in
many of these studies, however, was a typical antipsychotic at
doses large enough to produce substantial extrapyramidal side
effects (EPS) and subsequent interference with optimal neuro-
cognitive function (Harvey and Keefe 2001; Keefe et al 1999;
Seidman et al 1993). One possible explanation for this apparent
advantage might be that, upon a switch to an atypical antipsy-
chotic, a reduction of EPS secondarily improves neurocognition.
This raises the question as to whether lower doses of typicals
might also improve neurocognitive function (Carpenter and Gold
2002; Green et al 2002; Harvey and Keefe 2001; Keefe et al 1999).
Very little is known about the effects of lower doses of typical
antipsychotics on neurocognition compared with atypical anti-
psychotics (Mishara and Goldberg 2004). In one 2-year study of
neurocognitive changes with pharmacotherapy, lower doses of
haloperidol produced as much benefit as risperidone (Green et
al 2002); however, in our previous report (Keefe et al 2004) on 12
weeks of olanzapine or haloperidol treatment, both medications
provided some neurocognitive benefit, although the olanzapine
treatment effect was slightly, but significantly, better.

The present study examined whether these neurocognitive
improvements, and differences between olanzapine and halo-
peridol, would continue through a 2-year course of treatment.

We hypothesized that olanzapine treatment would sustain im-
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roved neurocognitive function relative to baseline and relative
o treatment with low doses of haloperidol.

ethods and Materials

The data reported in this manuscript are from a 2-year
ongitudinal study. The results from the 12-week phase of this
tudy were published by Keefe et al (2004).

tudy Setting and Sponsorship
The study was conducted at 14 academic medical centers in

orth America and Western Europe, with partial funding from
illy Research Laboratories (Indianapolis, Indiana). The study
as directed by a steering committee composed of the principal

nvestigator (JL), co-principal investigators (RK, Cecil Charles,
T, MT), the lead biostatisticians (RH, TS), and principal inves-

igators from the 14 sites. The protocol was approved by each
ite’s ethical review board (see acknowledgments), and after a
etailed description of the study, all participants provided in-
ormed consent.

atient Selection Criteria
Study participants were selected from patients who were

valuated and treated for a psychotic disorder by clinical services
inpatient, outpatient, or emergency). For all inclusion and
xclusion criteria, see Keefe et al (2004). Briefly, patients were
o have experienced psychotic symptoms (delusions, halluci-
ations, thought disorder, and grossly bizarre behavior) for at
east 1 month but not more than 60 months and required
ntipsychotic treatment. The exclusion criteria included, but
ere not limited to: prior antipsychotic drug treatment of
ore than 16 cumulative weeks in the patient’s lifetime;

reatment with clozapine at any time; treatment with an
njectable depot antipsychotic within less than three dosing
ntervals before study entry; required treatment with anticonvul-
ants, benzodiazepines (except as allowed for agitation and
ontrol of EPS), antidepressants, psychostimulants, or other
ntipsychotic drugs used concurrently with study medications
eyond those permitted as concomitant treatments.

tudy Design and Procedures
Patients (N � 263) underwent a 2–14-day washout, depend-

ng on their clinical status, after which they were randomly
ssigned to double-blind treatment with olanzapine or haloper-
dol. Owing to the need for antipsychotic medication there was
o consistent washout period. Data for each patient’s specific
ashout period was not collected. A 3-day window was allowed

f patients could not be tested before administration of the study
edication. Reading level (National Adult Reading Test [NART];
elson 1991), estimated IQ (Wechsler Adult Intelligence Scale-
evised [WAIS-R] subtests of vocabulary, information, and block
esign; Wechsler 1974, 1987), and handedness (Modified Edin-
urgh Handedness Inventory; Oldfield 1971) were measured at
he week-12 visit (see Keefe et al., 2004). The MADRS (Mont-
omery-Asberg Depression Rating Scale) and CGI (Clinical
lobal Impressions scale) were used to assess depression and
hysician impressions. Duration of illness and duration of pre-
ious antipsychotic use were based on self-report at study entry.

The dose titration ranges were 5–20 mg/day for olanzapine
nd 2–20 mg/day for haloperidol. The rationale behind the dose
itration schedule was to proceed gradually, as clinically indi-
ated, and target the lowest efficacious treatment dose. The mean
odal dose, defined as the dose that each individual received

ost frequently, was assessed during each testing visit, and

ww.sobp.org/journal
ranged between 10.4 and 11.6 mg for olanzapine and 4.9–5.8 mg
for haloperidol.

Specific concomitant medications were permitted for appro-
priate clinical indications. During washout and first 12 weeks,
chloral hydrate 500–2000 mg/day, lorazepam 1–8 mg/day, or
diazepam 5–40 mg/day could be administered for management
of agitation, general behavior disturbances, and/or insomnia,
with a cumulative duration of no more than 21 days. No other
psychotropic medications were allowed. These medications
were discontinued 24 hours before neurocognitive testing.

Antiparkinsonian medications were not administered prophy-
lactically, although, if clinically significant EPS occurred, anticholin-
ergic medication (benztropine or biperiden up to 6 mg/day, pro-
pranolol 10–80 mg/day, or procyclidine [oral or intramuscular
administration of 5–10 mg, 2–3 times daily, for a maximum dose of
30 mg/day]) could be administered. Patients requiring antidepres-
sants or mood stabilizers were withdrawn from the study.

Neurocognitive Battery
The neurocognitive battery used to assess treatment response

was divided into two components: primary and secondary. The
primary component consisted of the following domains and
assessments: attention/vigilance—Continuous Performance Test
Identical Pairs d’ (CPT; Cornblatt and Keilp 1994); processing
speed—WAIS-R Digit Symbol test; motor function—finger tap-
ping; verbal memory/learning—California Verbal Learning Test
(CVLT; Delis et al 1987), total words recalled from list A; verbal
fluency—Category Instances and Controlled Oral Association;
and working memory—Letter-Number Span and Dot Test of
Visuospatial Working Memory (Keefe et al 1997). The secondary
component consisted of Wisconsin Card Sorting Test, 64-Card
Version (Heaton 1993); Trailmaking A and B (Spreen and Strauss
1998); Variable-Interval Delayed Alternation (Bilder et al 2001);
Object Alternation (Seidman et al 1995); Stroop Color-Word Test
(Golden 1978); Ruff design fluency test (Ruff 1996); Wechsler
Memory Scale-Revised visual reproduction with delayed recall
(Wechsler 1987); and Benton Line Orientation Test (Benton et al
1994). As stated in the protocol a priori, only tests from the
primary component were hypothesized to improve differentially
with olanzapine treatment. Some patients had difficulty finishing
the battery, owing to its 170-minute duration; thus, emphasis was
placed on completion of the primary component to diminish
discontinuation at variable points. As expected, fewer patients
completed the secondary component; thus, this article will
address results from the primary component.

Statistical Methods
Data were included for patients for whom six neurocognitive

domains were completed at baseline and at least one domain,
post-baseline. An empirically derived composite score was cal-
culated by using the first principal component (PC) of the
baseline primary battery variables (Keefe et al 2004). The first PC
accounted for 49% of the covariance. The PC analysis produced
a set of weights for constructing the weighted composite score
for each patient at baseline. In addition, an unweighted compos-
ite score was constructed by equally weighting all six neurocog-
nitive domains. The weighted and unweighted composite scores
were calculated at each time point (12-, 24-, 52-, and 104-weeks).
Data analyses using the weighted composite score required that
each patient had completed each test at baseline and follow-up,
whereas the unweighted composite score allowed one measure
to be missing. Thus, the number of patients varied between these

analyses. Observed case (OC) and mixed-effects models re-
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eated measures (MMRM) analyses were then applied on these
omposite scores to determine significant differences between
reatment groups. Effect sizes were calculated as a standardized

score by dividing the difference between baseline mean and
nd point mean by the pooled SD. Effect sizes were calculated
or both weighted and unweighted composite scores and indi-
idual assessments of the primary component. Additionally, to
ssess whether the treatment effects observed had been affected
y previous antipsychotic treatment, a post hoc analysis was
onducted on a stratum of antipsychotic-naïve patients. Correc-
ions for multiple comparisons were not made.

To determine whether other secondary variables had affected
eurocognitive function, clinical and adverse-event measures
ere added as fixed covariates to the MMRM. Backward-selec-

ion model was then used to eliminate the covariate with the
argest type III p value down to a p value of .1, although therapy,
eek, and therapy-by-week interaction always remained in the
odel. The covariates included baseline neurocognitive scores,
uration of illness (defined as the number of days from diagnosis
ate to randomization date), NART scores as a proxy of reading
evel, EPS as reflected by Simpson-Angus total scores, and a
ichotomous variable that indicated anticholinergic medication
se during the week of testing. The MMRM was applied to
aseline through week 52. Additionally, owing to the few
atients per investigator at the later time points, investigator was
ot added as a covariate. An overall F statistic was then used to
etermine treatment effects for each composite score across all
eeks.
Exploratory Pearson’s correlation analyses on the basis of OC

ere conducted between the neurocognitive composites and
herapy efficacy on the basis of changes in the Positive and
egative Syndrome Scale (PANSS) and adverse-event measures

Simpson-Angus scale, Barnes Akathisia scale, and Abnormal
nvoluntary Movement Scale [AIMS]). Statistical significance was
et at p � .05.

esults

ample Characteristics
Of the 263 patients randomly assigned to treatment, 167 were

ble to complete the 12-week neurocognitive assessments, 123
ompleted the 24-week assessments, and 58 completed the
2-week assessments, whereas only 26 (olanzapine, n � 18, and
aloperidol, n � 8) patients completed assessments at the 2-year
104-week) end point. Because of the limited number of patients
t the final assessment, the 104-week end point data were only

able 1A. Visitwise Mean Change for Weighted Neurocognitive Composite

Week Therapy nb

Baseline End Poin

Mean SD Mean

12 Olanzapine 67 �.11 1.80 .55
Haloperidol 52 .22 1.77 .45

24 Olanzapine 49 �.11 1.92 .85
Haloperidol 36 .15 1.42 .61

52 Olanzapine 34 �.00 1.88 .97
Haloperidol 24 .10 1.43 1.28

04 Olanzapine 18 �.53 1.98 .74
Haloperidol 8 .28 1.45 1.86

aBased on observed cases.
bNumber of patients having both baseline and end point scores.
cWithin-group p values are from t test on mean change.

dP values are from type III sum of squares analysis of covariance for change fr
used to determine the between-group difference on the two
neurocognitive composites. The hazard ratio for time to discon-
tinuation between olanzapine- and haloperidol-treated patients
was 1.36 (95% confidence interval .95–1.93). On the basis of a
time-to-discontinuation Kaplan-Meier survival curve, median
time to all-cause discontinuation for olanzapine-treated patients
was 378 days and for haloperidol-treated patients, 336 days
[log-rank �2(1) � 2.87, p � .09] (see Green et al, in press).

Treatment Effects for All Patients
The treatment effects on the basis of OC analysis for the

weighted composite scores are presented in Table 1A. At week
12, the olanzapine-treated patients had significant improvement
in neurocognition, with an effect size of .38, whereas the
haloperidol-treated patients did not have significant improve-
ment. At every time point thereafter, both groups had signifi-
cantly improved neurocognition (p � .01), with effect sizes
ranging from .56 to .74 for the olanzapine group and .27 to .91 for
the haloperidol group. At weeks 12 (p � .014) and 24 (p � .029),
the between-group analysis revealed that the olanzapine treat-
ment group had significantly greater improvement in neurocog-
nition compared with the haloperidol treatment group. The
analyses of the unweighted composite (see Table 1B) suggested
a similar profile with both groups having significant improve-
ment in neurocognition at all weeks; however, the groups were
only statistically different at week 12.

The final MMRM, predicting the weighted composite score,
included the following covariates: baseline composite score,
duration of illness, NART, and EPS. This analysis revealed no
significant group differences in the overall treatment effects. All
within-group treatment effects were significant for weeks 12, 24,
and 52 (p � .04). Similar results were found for the unweighted
composite score; thus, no further model exploration was con-
ducted.

Treatment Effects for Antipsychotic-Naïve Patients
The OC analyses for patients who were antipsychotic-naïve at

baseline testing (n � 43) for the weighted composite scores are
presented in Table 2A. For the weighted composite score, at
weeks 12, 24, and 104, the olanzapine-treated patients had
significant improvement in neurocognition (p � .02), with an
effect size range of .27–.74. At week 52, there was a trend for
olanzapine to improve neurocognition. For haloperidol-treated
patients, only at week 104 (p � .03) was there significant
neurocognitive improvement (with a trend at week 52; p � .06)
and an effect size range of .48–.91. There were no significant

e for All Testing Weeks Along With Effect Sizes Based on Z Scoresa

Change to End Point Within-Group Between-Group

Mean SD pc Effect Size pd

.65 .80 � .001 .38 .014

.22 1.08 .141 .13

.96 1.01 � .001 .56 .029

.46 1.06 .014 .27

.97 1.15 � .001 .56 .534
1.18 1.30 � .001 .68
1.27 .98 � .001 .74 .505
1.58 1.23 .008 .91
Scor

t

SD

1.71
1.48
2.02
1.64
1.83
1.95
1.71
1.87
om baseline.

www.sobp.org/journal
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ifferences in improvement in the weighted composite score
etween olanzapine- and haloperidol-treated patients.

For the unweighted composite scores, a similar pattern was
ound (see Table 2B). The olanzapine-treated patients improved
ignificantly at all time points (all p � .03) except week 52, with
n effect size range of .22–.58. For the haloperidol-treated
atients, there was a significant improvement in neurocognition
t weeks 52 and 104 (both p � .007), with effect sizes ranging
rom .61 to .97. There were no significant differences between
reatment groups.

ndividual Neurocognitive Assessments
Effect sizes for individual neurocognitive assessments that

were included in the composite scores are presented in Figures
 and 2. Correction for multiple comparisons was not made. For
he WAIS-R Digit Symbol test, olanzapine-treated patients signif-
cantly improved relative to haloperidol-treated patients only at
eek 12 (p � .04). Olanzapine-treated patients significantly

mproved at all time points (p � .003), whereas haloperidol-
reated patients improved at weeks 24, 52, and 104 (p � .03).
ffect sizes ranged from .33 to .56 for the olanzapine group and
11 to .52 for the haloperidol group. For the CPT, the olanzapine
roup significantly improved at 12 weeks compared with the
aloperidol group (p � .001; effect sizes: olanzapine, .55, vs.
aloperidol, .04). No other time point was significant for the CPT.
lanzapine-treated patients significantly improved at weeks 12,
4, and 52 (p � .001), whereas haloperidol-treated patients
mproved at weeks 24, 52, and 104 (p � .03). No other significant

able 1B. Visitwise Mean Change for Unweighted Neurocognitive Compo

Week Therapy nb

Baseline End Poin

Mean SD Mean

12 Olanzapine 82 �.03 .74 .27
Haloperidol 69 �.01 .81 .13

24 Olanzapine 64 .02 .78 .42
Haloperidol 50 �.11 .79 .18

52 Olanzapine 43 �.04 .77 .38
Haloperidol 37 �.10 .81 .35

04 Olanzapine 25 �.10 .67 .33
Haloperidol 14 �.12 .70 .47

aBased on observed cases.
bNumber of patients having both baseline and end point scores.
cWithin-group p values are from t test on mean change.
dP-values are from type III sum of squares analysis of covariance for chan

able 2A. Antipsychotic-Naïve Patients’ Visitwise Mean Change of Weight

Week Therapy nb

Baseline End Poi

Mean SD Mean

12 Olanzapine 17 .20 1.70 .74
Haloperidol 21 �.34 2.12 �.14

24 Olanzapine 15 .46 1.64 1.35
Haloperidol 13 �.03 1.69 .19

52 Olanzapine 11 .39 1.86 1.09
Haloperidol 9 .02 1.82 .95

04 Olanzapine 6 �.29 2.17 1.15
Haloperidol 2 1.30 2.01 3.13

aBased on the observed cases.
bNumber of patients having both baseline and end point scores.
cWithin-group p values are from t test on mean change.

dP values are from Type III sum of squares analysis of covariance for change.

ww.sobp.org/journal
between-group treatment effects occurred for the rest of the
individual assessments at any time point.

Correlations Between Neurocognition and Clinical Symptoms
The associations of change in neurocognitive function with

change in clinical symptoms were explored through Pearson’s
correlations on the basis of OC for all time points (see Table 3).
Negative correlations represent an improvement in neurocogni-
tive function in relation to a reduction in symptoms. For the
weighted composite score, overall, there were mostly negative
correlations for both the olanzapine (�.30 to �.004) and halo-
peridol (�.31 to .02) groups. For the unweighted composite
scores, the olanzapine-group correlations ranged from �.13 to
.24, whereas the correlations for the haloperidol group ranged
from �.50 to �.01. Visual inspection of the correlations pattern,
as well as consideration of the only correlations that were
statistically significant between groups, suggested a stronger
association between neurocognitive change and symptom
change in the haloperidol group than in the olanzapine group.

Correlations Between Neurocognition and Adverse Events
The relationship between change in neurocognitive function

and adverse-event measures (Simpson-Angus scale, Barnes Aka-
thisia scale, and AIMS) were also explored through Pearson’s
correlations on the basis of OC (see Table 4). For the weighted
composite scores, correlations for the Simpson-Angus scale
across all time points was .097 for the olanzapine group and
�.363 for the haloperidol group. The treatment-group differ-

ore for All Testing Weeks Along With Effect Sizes Based on Z Scoresa

Change to End Point Within-Group Between-Group

Mean SD pc Effect Size pd

.29 .38 � .001 .39 .044

.15 .52 .021 .20

.39 .48 � .001 .53 .268

.28 .57 � .001 .38

.42 .58 � .001 .56 .857

.45 .73 � .001 .60

.43 .47 � .001 .58 .351

.59 .54 .001 .79

om baseline.

mposite Scores for All Weeks of Testinga

Change to End Point Within-Group Between-Group

Mean SD pc Effect Size pd

.54 .84 .017 .27 .316

.21 1.13 .414 .10

.88 .91 .002 .45 .134

.22 1.35 .568 .11

.71 1.12 .063 .36 .676

.93 1.23 .052 .48
1.44 .85 .009 .74 .559
1.84 .11 .027 .91
site Sc

t

SD

.72

.63

.78

.70

.85

.80

.68

.93
ed Co

nt

SD

1.41
1.68
1.38
2.01
1.39
2.41
1.74
2.12
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nces were statistically significant at 12 and 24 weeks, suggesting
relationship between less neurocognitive improvement and

reater EPS only in patients treated with haloperidol. Correla-
ions for the Barnes Akathisia scale and AIMS were low for both
roups at all time points. A similar profile for correlations was
ound for the unweighted composite scores.

iscussion

These results provide three major findings. First, as measured
y the primary neurocognitive composite scores, patients treated
ith either olanzapine or low-dose haloperidol demonstrated

ignificantly improved neurocognitive function beginning by
eek 12 through week 104. Second, on the basis of weighted

able 2B. Antipsychotic-naïve Patients’ Visitwise Mean Change of Unweig

Week Therapy nb

Baseline End Poin

Mean SD Mean

12 Olanzapine 18 .16 .63 .35
Haloperidol 25 �.21 .90 �.08

24 Olanzapine 16 .26 .61 .57
Haloperidol 17 �.28 .86 .04

52 Olanzapine 12 .23 .68 .46
Haloperidol 13 �.17 .86 .33

04 Olanzapine 7 .01 .76 .49
Haloperidol 4 �.33 1.21 .47

aBased on the observed case.
bNumber of patients having both baseline and end point scores.
cWithin-group p values are from t test on mean change.
dP values are from type III sum of squares analysis of covariance for chan

igure 1. Effect sizes, represented by Z scores for treatment effects of
eurocognitive individual assessments for all cognitive assessment time
oints. The upper panel represents scores for Continuous Performance Test

dentical Pairs d’ (CPT), Wechsler Adult Intelligence Scale-Revised (WAIS-R)
igit Symbol test, and finger tapping. The lower panel represents scores

or California Verbal Learning Test (CVLT), verbal fluency, and working

emory.
composite scores, olanzapine-treated patients had significantly
greater improvement than haloperidol-treated patients at weeks
12 and 24. The relative effect size of this result was not
maintained at weeks 52 and 104 in diminishing sample sizes, and
was not statistically significant. Third, the improvements in
neurocognition were largely uncorrelated with symptom change
and adverse events in patients treated with olanzapine; however,
improvement in patients treated with haloperidol was associated
with symptom improvement and the absence of EPS. The
improvements in neurocognition with olanzapine were less
related to symptom change and adverse events and suggested a
pro-cognitive effect of olanzapine that was direct and not
dependent on a resolving psychosis.

The 12-week results from this study (Keefe et al 2004)
suggested that the olanzapine group had early significant im-
provement compared with the haloperidol group. It appears that
while this difference persisted for 6 months of treatment, patients
who were able to stay on haloperidol and continue the study also
received neurocognitive benefit. Alternatively, the patients who
were excelling neurocognitively remained in the study, thus
creating a selection bias. Thus, both therapies improve neuro-
cognition, but olanzapine’s effects might occur sooner than
haloperidol’s.

Effect sizes (.38–.91 for the weighted composite score and

omposite Scores for All Weeks of Testinga

Change to End Point Within-Group Between-Group

Mean SD pc Effect Size pd

.18 .34 .039 .22 .706

.13 .49 .193 .18

.31 .38 .005 .38 .967

.32 .69 .075 .41

.23 .44 .101 .29 .200

.50 .56 .007 .61

.48 .36 .012 .58 .114

.81 .08 � .001 .97

om baseline.

Figure 2. Effect sizes, represented by Z scores for treatment effects at week
52 for individual neurocognitive assessments and weighted and un-
weighted composite scores. CPT, Continuous Performance Test Identical
Pairs d’; CVLT, California Verbal Learning Test. All within-group p values were
� .001, except for olanzapine: tapping, p � .12; verbal fluency, p � .30;
working memory, p � .02; Digit Symbol, p � .002; and haloperidol: Digit
Symbol, p � .01; tapping, p � .26; verbal fluency, p � .67; working memory,
hted C

t

SD

.56

.69

.57

.77

.57

.82

.67
1.18
p � .05.
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39–.58 for the unweighted composite score) for olanzapine-
reated patients were within the range of improvements reported
n previous studies of atypical antipsychotics (Harvey and Keefe
001). Most of the effect sizes are in the medium range, but are
elatively small in comparison with the magnitude of the deficits
onsistently reported in patients with first-episode psychosis and
chizophrenia, which ranges from one to two SDs from healthy
ontrol subjects (Harvey and Keefe 1997; Heinrichs and Zakzanis
998; Mohamed et al 1999). Thus, although olanzapine and
ow-dose haloperidol improved patients’ neurocognitive func-
ion in this present study, the decrement from normal perfor-
ance remains considerable.
For most time points, olanzapine-treated patients significantly

mproved in the neurocognitive domains of vigilance/attention,
rocessing speed, verbal memory/learning, and working mem-
ry. Similarly, for most time points, the haloperidol-treated group
ignificantly improved in the domains of vigilance/attention,
erbal memory/learning, and working memory. Olanzapine-
reated patients demonstrated significant improvement com-
ared with haloperidol-treated patients on vigilance/attention
nd processing speed at 12-weeks, after which both groups had
omparable levels of improvement. The mean changes on

able 3. Pearson Correlation (Based on Observed Cases) for Between-Grou
cores (Weighted and Unweighted) for Weeks 12, 24, and 52

ariable Week

Weighted Com

Olanzapine

n r

ADRS 12 67 �.108
24 49 �.206
52 34 �.204

ANSS negative symptoms 12 67 �.004
24 49 �.105
52 33 �.190

ANSS positive symptoms 12 67 �.139
24 49 �.269
52 33 �.265

ANSS total 12 67 �.103
24 49 �.302
52 33 �.296

MADRS, Montgomery-Asberg Rating Scale; PANSS, Positive and Negativ
aP value � .05 between groups.

able 4. Pearson Correlations (Based on Observed Cases) for Between-Gro
cores (Weighted and Unweighted) for Weeks 12, 24, and 52

ariable Week

Weigh

Olanzapine

n r

impson-Angus, non-global total 12 67 .1
24 49 .0
52 33 .0

arnes Akathisia Scale, non-global total 12 67 �.2
24 49 �.1
52 33 �.1

IMS, non-global total 12 67 �.0
24 49 �.0
52 33 .0

AIMS, Abnormal Involuntary Movement Scale.

aP value � .05 between groups.

ww.sobp.org/journal
vigilance/attention and processing speed functions were unre-
lated to motor speed, because finger-tapping performance did
not significantly change for either group.

Overall, olanzapine- and haloperidol-treated patients im-
proved to a greater degree on the CVLT and CPT relative to other
individual assessments, although much of the CVLT improve-
ment might be attributable to practice effects, because CVLT
alternate forms were not used. Practice effects with the same
CVLT version are substantial, even in patients with schizophrenia
(Hawkins and Wexler 1999). The CPT finding might be more
important, because it reflects patients’ capacity to maintain
vigilance in a challenging test of visual information processing
with working memory components. This task correlates with
various forms of functional outcome in patients with schizophre-
nia (Green 1996; Green et al 2000). Very demanding CPTs, such
as the four-digit identical pairs version used in the present study,
have long been considered one of the primary assessments to
reveal fundamental impairments in patients with schizophrenia
(Seidman 1983) and children at high-risk for schizophrenia
(Cornblatt and Keilp 1994), especially those who develop schizo-
phrenia as adults (Cornblatt et al 1999). Continuous Performance
Test Identical Pairs d’ impairments are even found in patients

ferences Between Clinical Symptoms and Both Neurocognitive Composite

te Scores Unweighted Composite Scores

Haloperidol Olanzapine Haloperidol

n r n r n r

2 �.099 82 �.047 69 �.231
6 �.016 64 �.106 50 �.230
4 .049 43 �.045 37 �.149
2 �.074 82 .116 69 �.250a

6 �.217 64 �.018 50 �.379
4 �.154 42 .016 37 �.333
2 �.204 82 �.125 69 �.082
6 .021 64 �.068 50 �.009
4 �.213 42 .163 37 �.354a

2 �.309 82 .007 69 �.269
6 �.243 64 �.065 50 �.337
4 �.289 42 .237 36 �.500a

drome Scale.

fferences Between Adverse Events and Both Neurocognitive Composite

omposite Scores Unweighted Composite Scores

Haloperidol Olanzapine Haloperidol

n r n r n r

52 �.326a 82 .050 69 �.276a

36 �.421a 64 �.034 50 �.342
24 �.343 42 .046 37 �.355a

52 �.102 82 �.174 69 �.178
36 �.114 64 �.092 50 �.228
24 �.226 42 �.260 37 �.289
52 �.231 82 .019 69 �.098
36 �.006 64 �.046 50 �.031
23 .098 42 .056 36 .057
p Dif

posi

5
3
2
5
3
2
5
3
2
5
3
2

e Syn
up Di

ted C

79
16
97
14
42
86
06
65
83
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ith schizophrenia who perform normally in all other neurocog-
itive domains (Weickert et al 2000). In the present study, the
PT improvements are supported by slightly less substantial

mprovement on the Digit Symbol test, whose scores were
ignificantly improved in olanzapine-treated patients. The Digit
ymbol test is also clinically relevant, as it is associated with
mportant aspects of functional outcome, such as daily life
ctivities (Evans et al 2003), job tenure (Gold et al 2002), and
ndependent living status (Brekke et al 1997).

This profile of differences between olanzapine and haloper-
dol suggests that, at least during the start of treatment, olanza-
ine might enable patients to increase their engagement with
eurocognitive tasks, which might potentially contribute to
mprovements in other important clinical features of the illness
uch as motivation, therapeutic alliance, and treatment adher-
nce (Keefe and Gold, in press). Preliminary unpublished data
rom this current study on the basis of the Quality of Life scale at
2 weeks support this hypothesis, because improvement in
eurocognition is related to improvement in interpersonal en-
agement as determined by clinical raters. Further work will
xplore the specific neurocognitive mechanisms of improved
nterpersonal engagement in these first-episode patients.

In general, relative to the olanzapine treatment group, neu-
ocognitive improvement in the haloperidol treatment group was
ildly associated with clinical symptom improvement as rated by

he PANSS and less severe side effects. At week 52, there was a
ignificantly greater association of change in neurocognition with
hange in positive symptoms, negative symptoms, total symp-
oms, and EPS in the haloperidol treatment group compared with
he olanzapine treatment group. The literature on the relation-
hip between neurocognitive function and psychotic symptoms
onsistently demonstrates that neurocognitive impairments are
ot caused by such symptoms (Bilder et al 2002; Carter et al 1996;
euchterlein et al 1991); however, patients treated with haloper-

dol might require a greater symptom remission and less EPS to
emonstrate cognitive improvement.

There were a few limitations to the present study. The most
ignificant limitation is the high dropout rate. This study was
nitially set to last 104 weeks, but because of the high dropout
ate, analyses were severely underpowered. Furthermore, the
ew patients who remained throughout the study might have
een higher functioning, in general, and this might partially
xplain their significantly improved neurocognitive function.
econd, a majority of the patients had been exposed to antipsy-
hotics, although there was not a significant between-group
ifference in the amount of exposure and it was generally of
hort duration (mean � 42 days). Secondary analyses that were
imited to antipsychotic-naïve patients supported the main find-
ngs.

In summary, olanzapine and low-dose haloperidol treatment
oth improve neurocognition in patients with first-episode psy-
hosis. Improvement for the olanzapine-treated patients was
uperior to haloperidol-treated patients at weeks 12 and 24,
hereas at weeks 52 and 104, there was no significant difference
etween the treatment groups. Finally, correlations between
hanges in neurocognition and clinical symptoms, as well as
dverse events, suggest the relative independence of neurocog-
itive improvement from clinical symptom improvement and
dverse events with olanzapine treatment compared with halo-
eridol.

Portions of the data have been presented at: American College

f Neuropsychopharmacology annual meeting, December 8–12,
2002, in San Juan, Puerto Rico; and Winter Workshop on
Schizophrenia annual meeting, February 8–13, 2004, in Davos,
Switzerland.

This paper was based on the partial results from the study of
the “Acute and Long-Term Efficacy Of Olanzapine In First-
Episode Psychotic Disorders: A Randomized Double-Blind Com-
parison With Haloperidol” by the HGDH Study Group sponsored
by Eli Lilly and Company. The HGDH Study Group included the
following persons, who participated in the design and execution
of the study (The name of the ethical committee that approved the
protocol for this study is noted in parentheses for each site): Drs.
Jeffrey A. Lieberman and Diana Perkins, Dept. of Psychiatry,
University of North Carolina School of Medicine, University of
North Carolina at Chapel Hill Institutional Review Board (IRB),
North Carolina; Dr. Charles B. Nemeroff, Department of Psychi-
atry, Emory University School of Medicine, Emory University
Human Investigations Committee, Atlanta, Georgia; Drs. Franca
Centorrino and Bruce Cohen, McLean Hospital, Harvard Medi-
cal School, McLean Hospital IRB, Belmont, Massachusetts; Drs.
Todd Sanger and Mauricio Tohen, Lilly Research Laboratories,
Indianapolis, Indiana; Drs. Joseph P. McEvoy, Cecil Charles, and
Richard Keefe, John Umstead Hospital, Duke University Health
System, John Umstead Hospital Research Committee, Butner,
North Carolina; Drs. Wayne Goodman and John Kuldau, De-
partment of Psychiatry, University of Florida, University of
Florida Health Science Center IRB (IRB-01), Gainesville, Florida;
Dr. Alan I. Green, Massachusetts Mental Health Center, Harvard
Medical School, Massachusetts Mental Health Center Human
Studies Committee, Boston, Massachusetts; Drs. Anthony J. Roth-
schild and Jayendra K. Patel, Department of Psychiatry, Univer-
sity of Massachusetts Medical Center, University of Massachusetts
Medical School Committee for the Protection of Human Subjects
in Research, Worcester, Massachusetts; Dr. Raquel E. Gur, De-
partment of Psychiatry, University of Pennsylvania Medical
Center, Committee on Studies Involving Human Beings, Phila-
delphia, Pennsylvania; Drs. Robert B. Zipursky and Zafiris J.
Daskalakis, Department of Psychiatry, University of Toronto
Faculty of Medicine, Research Ethics Board at the Centre for
Addiction and Mental Health, Toronto, Ontario, Canada; Dr.
Stephen M. Strakowski, Department of Psychiatry, University of
Cincinnati, University of Cincinnati IRB, Cincinnati, Ohio; Dr.
Ira Glick, Department of Psychiatry, Stanford University School
of Medicine, Stanford University Hospital Administrative Panel
on Human Subjects in Medical Research, Stanford, California;
Dr. John De Quardo, Department of Psychiatry, University of
Michigan Medical Center, Medical School IRB, Ann Arbor,
Michigan; Prof. Dr. R.S. Kahn, University Hospital Utrecht,
Universitair Medisch Centrum Utrecht Commissie Wetenschapp
Onderzoek, Utrecht, The Netherlands; Dr. Tonmoy Sharma and
Prof. Robin Murray, Institute of Psychiatry, St. George’s Hospital
Ethical Review Board Local Research Ethics Committee, London,
United Kingdom; Dr. Robert M. Hamer, Department of Psychia-
try, School of Medicine, and Department of Biostatistics, School
of Public Health, University of North Carolina, Chapel Hill, North
Carolina.

RSEK discloses receipt of grant/research support from Eli Lilly,
Johnson & Johnson, and Astra-Zeneca (Investigator-Initiated
Research Grants); speakers bureau honoraria from Eli Lilly and
Johnson & Johnson; payment for consultant services from Eli
Lilly, Johnson & Johnson, Pfizer, GlaxoSmithKline, Bristol Myers
Squibb, and Forest Laboratories; advisory board services for Eli
Lilly, Johnson & Johnson, GlaxoSmithKline, Abbott Laboratories,
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