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Background: Second-generation anti-
psychotics have largely replaced first-
generation antipsychotics for the treat-
ment of schizophrenia, but a large-scale
cost/effectiveness analysis has not been
attempted.

Method: Patients with schizophrenia
(N=1,493) were assigned to treatment
with a first-generation antipsychotic
(perphenazine) or one of four second-
generation drugs (olanzapine, quetia-
pine, risperidone, or ziprasidone) and
followed for up to 18 months. Patients
with tardive dyskinesia were prohibited
from assignment to perphenazine. Pa-
tients could be reassigned at any time to
another second-generation drug, in-
cluding clozapine, but not to perphena-
zine. The cost analysis included medica-
tions plus health services use. Quality-
adjusted life year (QALY) ratings were as-
sessed on the basis of Positive and Neg-
ative Syndrome Scale (PANSS) subscale
scores and side effects. An intention-to-
treat analysis included all available ob-
servations, classified by initial drug as-
signment, and costs of reassignment of
most patients to another second-gener-
ation drug. The analysis was repeated

considering only treatment on initially
assigned medications.

Results: Although QALY ratings, PANSS
scores, and other quality of life mea-
sures indicated modest improvement
over 18 months, there were no signifi-
cant differences between perphenazine
and any second-generation medication.
Average total monthly health care costs
were $300–$600 (20%–30%) lower for
perphenazine than for second-genera-
tion antipsychotics because of lower
drug cost. Differences in costs remained
when maximally discounted drug prices
were used for all patients and when
only observations during treatment
with the first medication were included.

Conclusions: Treatment with perphen-
azine was less costly than treatment
with second-generation antipsychotics
with no significant differences in mea-
sures of effectiveness. However, the trial
was limited by a high dropout rate, and
longer-term neurological and metabolic
side effects require further study.

(Am J Psychiatry 2006; 163:2080–2089)

Since their introduction in the 1990s, second-genera-
tion antipsychotics have become the drugs of choice in
the treatment of schizophrenia at a cost of over $10 billion
annually in the United States, 75% of which is paid
through Medicaid (1). Studies involving patients with
chronic schizophrenia reported that these medications
are more effective and have fewer side effects and a lower
risk of hospitalization than older drugs, generating suffi-
cient savings to offset greater drug costs (2–5). However,
many of these studies were based on nonexperimental de-
signs, and a small number of randomized trials have
shown either smaller net savings (6, 7) or increased total
costs (8). Two recent 12-month trials failed to find advan-
tages for the newer drugs in either clinical effectiveness,
reduced parkinsonian side effects, or cost (8, 9), and an
economic analysis showed increased costs to the Califor-

nia Medicaid program in association with the introduc-
tion of these medications (1).

To further evaluate these agents from a public health
perspective, the National Institute of Mental Health
(NIMH) initiated the Clinical Antipsychotic Trials of Inter-
vention Effectiveness (CATIE) investigation. The CATIE
study used an experimental study design to compare the
effectiveness of one first-generation antipsychotic (per-
phenazine) and all four second-generation antipsychotics
(olanzapine, risperidone, quetiapine, and ziprasidone),
other than clozapine, that were available in the United
States in January 2002. A report on the primary clinical
outcomes from the CATIE study, considering only treat-
ment with the initial randomly assigned drug (phase 1),
found that patients receiving olanzapine 1) stayed on their
medicine longer than others, 2) were less likely to switch
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drugs for lack of efficacy, 3) had lower symptom levels dur-
ing the early months of the trial; and 4) had fewer hospital-
izations for schizophrenia (10). None of the other three
second-generation drugs showed greater efficacy or toler-
ability than the first-generation drug perphenazine.
Weight gain with olanzapine was substantial, averaging 2
pounds per month, with concomitant increases in hemo-
globin A1C, cholesterol, and triglycerides.

The present analysis of CATIE data presents pairwise
comparisons of the five treatments on measures of health
costs, symptoms, and on several measures of effectiveness
that address health-related quality of life. The primary
outcomes are total health costs and quality-adjusted life
year (QALY) ratings. The primary objective of the cost-ef-
fectiveness component of the CATIE study was to compare
alternative intention-to-treat strategies, i.e., to determine
whether choice of the first drug in the CATIE algorithm re-
sulted in differences in cost-effectiveness over the entire
study. Analysis was also planned to compare the cost-ef-
fectiveness of treatments exclusively while patients were
receiving the initially assigned treatment.

Method

Study Setting and Design

The CATIE investigation was conducted between January 2001
and December 2004 at 56 U.S. sites and included an algorithmi-
cally determined series of treatment phases. Patients were ini-
tially assigned to olanzapine, perphenazine, quetiapine, risperi-
done, or ziprasidone under double-blind conditions. However,
patients with tardive dyskinesia (15% of the sample) were prohib-
ited from assignment to perphenazine and thus were not avail-
able for comparisons involving that drug, limiting the generaliz-
ability of perphenazine comparisons to patients without pre-
existing tardive dyskinesia. Patients who discontinued their first
treatment were invited to receive other second-generation anti-
psychotics, including clozapine if they so desired. Open treat-
ment was also offered to patients who refused a second blind as-
signment or whose treatment failed after a second assignment
(phase 3), when a small number chose first-generation antipsy-
chotics.

Participants

The study was approved by an institutional review board at
each site. Patients 18–65 years of age with a diagnosis of schizo-
phrenia (11) who were able to take oral antipsychotic medication
were eligible. Patients or their guardians provided written in-
formed consent. Patients were excluded if they had a diagnosis of
schizoaffective disorder, mental retardation, or other cognitive
disorders; an unstable serious medical condition; past adverse re-
actions to a proposed treatment; or treatment-resistant schizo-
phrenia or if they were in their first episode of schizophrenia,
pregnant, or breast-feeding.

Interventions

Identical capsules contained olanzapine (7.5 mg), quetiapine
(200 mg), risperidone (1.5 mg), perphenazine (8 mg), or ziprasi-
done (40 mg). Ziprasidone was approved for use by the Food and
Drug Administration (FDA) during the trial and was added in Jan-
uary 2002, after 40% of the subjects had been recruited. Medica-
tions were flexibly dosed with one to four capsules daily, as
judged by the study doctor. Concomitant medications were per-

mitted, except for additional antipsychotic agents. Further details
about blinding, later phases of treatment, and modal dosing have
been presented elsewhere (10, 12).

Outcome Measures

This study followed measurement and analytic methods recom-
mended by the Public Health Services Task Force on Cost-Effec-
tiveness in Health and Medicine (13). The primary outcomes were
total health costs and quality-adjusted life year (QALY) ratings.

Costs. The economic perspective addressed total health costs
(health service use plus medications), which were estimated by
multiplying the number of units of each type of service received
by the estimated local unit cost of that service, and then summing
the products across different services.

Service use was documented every month through a self-re-
port questionnaire that recorded four kinds of hospital days
(medical, surgical, psychiatric, and substance abuse) across six
different facilities (state mental hospitals, private psychiatric hos-
pitals, VA hospitals, non-federal general hospitals, community
mental health centers, and detoxification facilities). Nights spent
in nursing homes, halfway houses, board and care homes, and su-
pervised apartments were also recorded. Use of 16 types of outpa-
tient mental health care, including psychiatric and psychosocial
rehabilitation services, was documented along with eight differ-
ent types of medical or surgical outpatient visits and use of both
psychiatric and medical emergency room services.

Unit costs of these services were estimated from published re-
ports and administrative data sets and are presented in a supple-
ment that accompanies the online version of this article. Antipsy-
chotic medication costs were based on published wholesale
prices for the specific capsule strengths used in the CATIE study
(14), adjusted downward for discounts and rebates affecting pa-
tients whose medication costs would have been paid by Medicaid
(with costs about 25% less than wholesale prices) (15) or by the
Department of Veterans Affairs (VA) (40% less than wholesale
prices) (16). Costs of over 200 different ancillary medications were
estimated on the basis on average daily medication costs for spe-
cific agents in the 2002 MarketScan® data set, representing typi-
cal medication costs for insured patients (17). The unit of analysis
for cost evaluation is the total average health cost per month, in-
cluding costs of all health service use, ancillary drugs, and study
medications at the prescribed doses.

Effectiveness. Cost-effectiveness analysis requires a single mea-
sure of health-related quality of life that reflects both health gains
and health losses due to side effects. The U.S. Public Health Ser-
vice Task Force on Cost-Effectiveness in Health and Medicine (13)
specifically recommended that health states be expressed as
QALY ratings, in which a year of life is rated on a cardinal scale
from 0 (worst possible health) to 1 (perfect health), as evaluated
by members of the general public.

A recent series of studies (18–20) have demonstrated a method
for evaluating QALY ratings in schizophrenia. First, a factor analy-
sis of Positive and Negative Syndrome Scale (PANSS) data gath-
ered from a sample of almost 400 patients (21) was used to iden-
tify positive, negative, and cognitive factors on the PANSS. Then
cluster analysis was used to identify eight disease-specific health
states on the basis of these three factors. With input from expert
clinicians, PANSS subscale scores for each health state were used
to develop script and video materials to convey to lay individuals,
representing the general public, the health impairments experi-
enced with each schizophrenia state, as well as for five commonly
co-occurring side effects (orthostatic hypotension, weight gain,
tardive dyskinesia, pseudoparkinsonism, and akathisia) (18). Us-
ing these eight video presentations, the states were rated by 620
members of the general public using the standard gamble, the
recommended method for determining QALY ratings (13). QALY
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ratings for the eight schizophrenia health states ranged from 0.44
to 0.88, while side effect weights ranged from a low of 0.857 for
tardive dyskinesia through 0.959 for weight gain and 1.0 when a
side effect was not present. The final QALY rating estimate is the
product of the QALY rating for the schizophrenia state and the
QALY ratings for each side effect. Following the recommendations
of the Public Health Task Force (13), this measure represents the
health state of each subject on symptoms and side effects
weighted for societal preferences (outcome measures based on
individual preferences and their analysis are described in the
supplement that accompanies the online version of this article).
The Patient Perspective contains a clinical description of a typical

patient in the study and describes the major features on which
the QALY ratings are based. 

Statistical Analysis

For consistency and comparability, the statistical methods
used in the analysis of continuous measures in this study were the
same as those used in the original publication from the CATIE in-
vestigation (10). Two hundred thirty-one patients with tardive
dyskinesia were prohibited from assignment to perphenazine,
and ziprasidone was added to the trial after 40% of the patients
had been enrolled. Thus, randomization took place under four
separate regimens: including and excluding patients with tardive

FIGURE 1. CATIE Participant Progression

a Patients with tardive dyskinesia were prohibited from assignment to this medication.
b Added to the study after 40% of the subjects had been enrolled.

TABLE 1. Initial Treatment Assignments and Subsequent Treatment During the 18 Months

Treatment Following Phase I

Initial Assigned Medication

Olanzapine Perphenazine Quetiapine Risperidone Ziprasidone Total

N % N % N % N % N % N %
Olanzapine — — 366 32.0 414 30.4 420 35.4 232 32.8 1,432 26.2
Perphenazine 20 1.9 — — 13 1.0 31 2.6 0 0.0 64 1.2
Quetiapine 292 27.4 362 31.6 — — 238 20.1 139 19.6 1,031 18.9
Risperidone 353 33.2 251 21.9 346 25.4 — — 191 27.0 1,141 20.9
Ziprasidone 175 16.4 76 6.6 289 21.2 245 20.6 — — 785 14.4
Fluphenazine 22 2.1 14 1.2 39 2.9 17 1.4 3 0.4 95 1.7
Aripiprazole 47 4.4 5 0.4 65 4.8 58 4.9 89 12.6 264 4.8
Clozapine 155 14.6 70 6.1 195 14.3 178 15.0 54 7.6 652 11.9
Any atypical antipsychotic 1,022 96.1 1,130 98.8 1,309 96.2 1,139 96.0 705 99.6 5,305 97.1
Total 1,064 100.0 1,144 100.0 1,361 100.0 1,187 100.0 708 100.0 5,464 100.0

Did not take
drug (N=2)

Did not take
drug (N=4)

Did not take
drug (N=5)

Did not take
drug (N=5)

Did not take
drug (N=1)

Assigned to
olanzapine (N=330)

Assigned to
perphenazinea (N=260)

Assigned to
quetiapine (N=331)

Assigned to
risperidone (N=337)

Assigned to
ziprasidoneb (N=183)

Screened (N=1,894)

Excluded (N=401):
Did not meet study criteria (N=124)
Refused (N=109)
Not willing to change antipsychotic (N=33)
Other (N=135)

Included in random
assignment (N=1,493)

Included in analysis
(N=328)

Included in analysis
(N=256)

Included in analysis
(N=326)

Included in analysis
(N=332)

Included in analysis
(N=182)

All subjects from one site were 
excluded prior to analysis because of 
concerns about data integrity (N=33)

Did not complete baseline assessment 
of service use (N=19)

Completed 6-month 
interview (N=246, 
75%)

Completed 18-month 
interview (N=167, 
51%)

Completed 18 months 
on Phase I treatment 
(N=118, 36%)

Completed 6-month 
interview (N=183, 
71%)

Completed 18-month 
interview (N=124, 
48%)

Completed 18 months 
on Phase I treatment 
(N=64, 25%)

Completed 6-month 
interview (N=210, 
64%)

Completed 18-month 
interview (N=144, 
44%)

Completed 18 months 
on Phase I treatment 
(N=57, 17%)

Completed 6-month 
interview (N=223, 
67%)

Completed 18-month 
interview (N=141, 
42%)

Completed 18 months 
on Phase I treatment 
(N=87, 26%)

Completed 6-month 
interview (N=109, 
60%)

Completed 18-month 
interview (N=73, 40%)

Completed 18 months 
on Phase I treatment 
(N=37, 20%)
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dyskinesia and including and excluding ziprasidone. Analyses
were thus conducted on four different datasets with overlapping
membership. Each dataset only included patients with an equal
chance of being randomly assigned to the treatments under com-
parison. Perphenazine patients, in particular, were only com-
pared to equivalent patients who did not have tardive dyskinesia
at baseline.

The primary comparison between the four treatments available
at the beginning of the trial was an overall 3 degree of freedom test.
This test was performed on analytic dataset I, which excluded pa-
tients with tardive dyskinesia and those randomly assigned to
ziprasidone. If the overall test was significant at p<0.05, the three
second-generation drugs were compared with perphenazine with
a Hochberg adjustment for multiple comparisons (22) in which
the smallest p value was compared to 0.05/3=0.017 and the largest
to p=0.05. Dataset II, which excluded perphenazine and includes
tardive dyskinesia patients, was used to compare the three sec-
ond-generation drugs to each other via step-down testing. If the

overall 2 degree of freedom test was significant at p<0.05, an alpha
of p<0.05 was applied for all comparisons.

Datasets III and IV were used to compare ziprasidone to the
other drugs among patients randomly assigned to a treatment
group after ziprasidone became available. Hochberg adjustment
for four pairwise comparisons was used to compare ziprasidone
and perphenazine in dataset III, which excluded tardive dyskine-
sia patients, and ziprasidone to the other three second-genera-
tion drugs using dataset IV. The smallest p value was considered
significant if p=0.05/4=0.013. Tables and figures in this article
present findings using dataset I, with the ziprasidone data taken
from dataset III. Data from the other datasets are presented indi-
vidually in the supplemental tables and figures that accompany
the online version of this article.

The central cost analysis was a paired comparison between
treatment groups of average monthly costs from all 18 months us-

TABLE 2. Average Monthly Health Costs by Initial Assigned Medicationa

Analysis and Healthcare Variable

Costs ($) per Initial Assigned Medication

Olanzapine Perphenazine Quetiapine Risperidone Ziprasidone
Intention to treat (analysis for initial and subsequent drugs, 

with all costs attributed to the initial drug)
Antipsychoticsb 493 196 415 440 389
Other medications 103 93 108 86 127
Other servicesc

Inpatient 556 521 753 692 771
Outpatient 281 321 381 316 443

Totalb 1,433 1,131 1,657 1,534 1,730
Initial assignment (analysis for period on the initial drug only)

Antipsychoticsb 545 50 412 474 354
Other medications 101 87 104 88 117
Other servicesc

Inpatient 493 485 634 651 875
Outpatient 265 337 328 320 424

Totalb 1,404 959 1,478 1,533 1,770
a Costs are shown only for patients who did not have tardive dyskinesia on entry into the study. Comparators for ziprasidone data, data for all

patients including those with tardive dyskinesia, and further details of the analysis are shown in supplemental tables C–E that accompany
the online version of this article.

b Mixed model analysis shows significant overall difference (p<0.001) and significant differences for pairwise comparisons between all second-
generation drugs and perphenazine (p<0.001).  These differences remained significant after comparison for multiple testing.

c Inpatient services include inpatient and residential treatment; outpatient services include mental health and medical and surgical treat-
ments.

FIGURE 2. Average Monthly Medication Costs by Initial As-
signed Medication

700

600

500

400

300

200

100

0
Baseline 2 4 6 8 10 12 14 16 18

M
o

n
th

ly
 M

e
a
n

 E
xp

e
n

d
it

u
re

 f
o

r
M

e
d

ic
a
ti

o
n

 (
e
xp

e
ri

m
e
n

ta
l 
d

ru
g
s

a
n

d
 c

o
n

co
m

it
a
n

t 
m

e
d

ic
a
ti

o
n

s)
 (
$
)

Time (months)

Olanzapine

Risperidone

Quetiapine
Ziprasidone
Perphenazine

Initial medication

FIGURE 3. Total Average Monthly Health Costsa by Initial
Assigned Medication

a Includes inpatient, residential, and outpatient treatment and med-
ication costs.
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ing a mixed model including terms representing treatment group,
the baseline value of the dependent cost variable, time (treated as
a classification variable for months 1–18), site, a history of recent
clinical exacerbation, and baseline-by-time interactions. The
baseline-by-time term adjusts for baseline differences in charac-
teristics of patients who dropped out early and thus are less well
represented at later time points. Group-by-time interactions, to
evaluate differences in time trends between groups, were also
tested. A random subject effect and a first-order autoregressive
covariance structure were used to adjust standard errors for the
correlation of observations from the same individual.

Use of any hospital days in each month was examined using a
dichotomous measure (0=no, 1=yes) analyzed with generalized
estimation equations using the GENMOD procedure of SAS (c).

Because of the skewed distribution of service use (i.e., nondrug)
cost data, log-transformed data were used in the analysis of both
1) nondrug health service costs and 2) total costs, including medi-
cations, and both mean and median values are presented (23). Ad-
justed average log-transformed costs were then re-transformed
into average costs using the “smearing estimation” method of
Duan (24), after testing the data for heteroscedasticity (25). Un-
transformed monthly data were also averaged for each individual
and compared using the Kruskal-Wallis nonparametric test.

The same mixed model analysis was used for effectiveness out-
comes based on scores from months 1 and then quarterly from 3
through 18, again using a random subject effect and a first-order
autoregressive covariance structure. 

Results

Although 1,493 patients were enrolled in the study, all
data from one site (33 patients) were excluded prior to
analysis due to concerns about data integrity, and 19 never
took their assigned study drug (Figure 1). Baseline utiliza-
tion data were not available for an additional 19 patients,
leaving 1,424 patients for analysis. Comparison of all pa-
tients on baseline assessments showed significant differ-
ences, as expected, on measures of tardive dyskinesia and
akathisia, reflecting the exclusion of patients with tardive
dyskinesia from randomization to perphenazine, as per
the study design. There were no significant differences on

these measures among patients who participated in the
randomization that included perphenazine. Details of the
baseline assessment data and comparisons of treatment
groups both with and without perphenazine are presented
in supplemental tables A and B that accompany the online
version of this article.

In the intention-to-treat analysis using all available fol-
low-up data, 68.2% of patients were still participating in
follow-up interviews at 6 months, with significant differ-
ences in the proportion of participants across randomized
treatments (χ2=16.4, df=4, p=0.003). At 18 months, 45.7%
were still participating, and differences in participation
across these agents were no longer significant (χ2=8.6, df=
4, p=0.66).

In contrast to data on participation in follow-up inter-
views, data on treatment continuation show that only
25.9% of all patients completed 18 months with their orig-
inal assigned treatment, with significant differences in the
proportion of completers between groups (χ2=31.5, df=4,
p<0.0001).

Data on drug treatment following the first change in
treatment after randomization show that virtually all
treatments administered were second-generation drugs
(range 96.0% to 99.6% across groups for all prescriptions
following the first drug change) with a balanced distribu-
tion of agents across initial treatment groups (Table 1).

Service Use and Costs

Examination of all outcome data based on intention-to-
treat analyses, which attributed all costs to the initially as-
signed drug, showed that total medication costs for pa-
tients initially assigned to perphenazine were $200–$300/
month (about 40%–50%) lower than drug costs for pa-
tients assigned to each of the four second-generation an-
tipsychotics (Table 2, Figure 2) (p<0.0001). Significant
group-by-time statistical interactions (p<0.0001) reflect
the narrowing of differences in drug costs during the first 8
months, after which perphenazine remained consistently
less costly (p<0.0001 at each time point).

There were no significant differences in the proportion of
patients who received inpatient care each month, the single
greatest source of cost among people with schizophrenia
(online supplemental figure A). The average total inpatient
and residential treatment costs per month were also not
significantly different between groups (Table 2, online
supplemental figure B), nor were there any significant dif-
ferences in the sum of inpatient, residential and outpatient
health service costs (i.e., all nondrug costs) (Table 2, online
supplemental figure C). Group-by-time interactions for
these costs were not statistically significant, indicating con-
tinuous equivalence of these nondrug health services costs
across groups over time.

When health service and drug costs were summed to
generate total health costs (i.e., the primary cost outcome),
average total monthly health care costs were $300–$600
(20%–30%) lower for perphenazine than for second-gener-

FIGURE 4. Average Monthly Quality-Adjusted Life Year
(QALY) Rating by Initial Assigned Medication
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ation antipsychotics (Table 2, Figure 3) (p<0.0001). The
modest rise in total costs for the perphenazine group dur-
ing the later months of the trial reflects increased drug
costs as perphenazine patients switched to second-gener-
ation antipsychotics, but there was no late increase in non-
drug costs among perphenazine patients. Significant
group-by-time interactions reflected convergence in log-
cost between groups, but perphenazine log-costs re-
mained significantly lower than those of other groups
(p<0.001 at all time points). Although raw average cost data
presented in Figure 3 overlap in the latter months of the
trial, time-specific analytic comparisons of log-trans-
formed data, which reduces the effect of outlier values,
showed consistently lower costs for perphenazine. In a
sensitivity analysis in which Medicaid or VA drug prices
(approximately 25% and 40% lower, respectively) were ap-
plied to all patients, the advantage for perphenazine on
cost comparisons remained statistically significant.

Drug costs for the olanzapine group were significantly
higher than for the quetiapine, risperidone, and ziprasi-
done group (Table 2). Due to lower inpatient and outpa-
tient costs for the olanzapine group (statistically signifi-
cant only for inpatient costs in comparison to quetiapine),
there were no significant differences in total health care
costs between second-generation drugs.

Examination of median values revealed similar cost pat-
terns with significantly lower costs for the perphenazine
group (data presented in supplemental table C that ac-
companies the online version of this article).

Effectiveness

As seen in Figure 4, for the intention-to-treat analysis,
significant improvement in QALY ratings was observed
from baseline (mean for all groups: 0.683) to 18 months
(mean for all groups: 0.747). Perphenazine was associated
with higher (i.e., better) QALY ratings than other agents,

but there was only one significant difference (perphena-
zine was greater than risperidone) (Table 3). Differences
between perphenazine and second-generation antipsy-
chotics on the PANSS and other quality of life measures
were not statistically significant (online supplemental ta-
bles F and G; online supplemental figures D–G).

Analysis of Period During the Initial Drug 
Assignment

When the analyses were limited to observations of pa-
tients while they received the first assigned medication
(phase 1), the patterns of statistically significant cost re-
sults did not change, although, as expected, without the
additional costs of switching to second-generation anti-
psychotics, the differences between perphenazine and
second-generation antipsychotics in both medication
costs and total health cost increased by an additional
$100–$200/month (Table 2, online supplemental table D).
Group-by-time interactions in total costs were not statis-
tically significant, since there was less convergence of
cost in phase 1 during the later months of the trial (i.e., ex-
cluding observations after the switch from perphenazine
to second-generation antipsychotics) (Figure 5).

The pattern of statistically significant results on QALY
ratings and other effectiveness measures were also un-
changed in the analysis that only included observations
on the initially randomized drug (Table 3).

Re-transformed log-cost data showed similar patterns
of results to the raw mean cost data for both the intention-
to-treat and initial assignment analyses (online supple-
mental table E).

Discussion

This study found that during the 18 months of the CATIE
trial, initial assignment to a first-generation antipsychotic,

TABLE 3. Quality-Adjusted Life Year (QALY) Ratings and PANSS Scoresa

Analysis and Outcome Measure Olanzapine Perphenazine Quetiapine Risperidone Ziprasidone
Intention-to-treat (analysis for initial and subsequent drugs, 

with all findings attributed to the initial drug)
QALY ratingb 0.717 0.720 0.718 0.704 0.716
PANSS scorec 64.8 66.8 67.3 68.8 68.0

Initial assignment (analysis for  initial drug period only)
QALY rating 0.727 0.731 0.727 0.713 0.720
PANSS scored 64.5 65.9 66.8 68.0 68.3

Values at baseline
QALY rating 0.682 0.689 0.695 0.676 0.671
PANSS score 75.7 74.2 74.8 77.2 75.4

a Values are shown only for patients who did not have tardive dyskinesia on entry into the study. Comparators for ziprasidone data, treatment
data for all patients including those with tardive dyskinesia, other ratings of the patients, and further details of the analysis are shown in sup-
plemental tables F and G that accompany the online version of this article.

b Mixed model analysis shows an overall significant difference (p<0.03), with the perphenazine value greater than the risperidone value
(p<0.005), significant after correction for multiple testing.

c Mixed model analysis shows an overall significant difference (p<0.0002), with the olanzapine value less than the perphenazine value (p<0.03)
and the perphenazine value less than the risperidone value (p<0.03), neither pairwise comparison significant after correction for multiple
testing.

d Mixed model analysis shows an overall significant difference (p<0.001), with the olanzapine value less than the perphenazine value (p<0.11)
and the perphenazine value less than the risperidone value (p<0.03), neither pairwise comparison significant after correction for multiple
testing. An additional pairwise comparison showed perphenazine less than ziprasidone (p<0.02).
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perphenazine, was less costly and no less effective than as-
signment to each of four second-generation antipsychot-
ics as measured by QALY ratings that combined measures
of symptoms and side effects. Several different analytic
strategies all yielded the same pattern of significant re-
sults, including: 1) analyses of all available outcome data,
2) analyses limited to the period of treatment with the ini-
tially assigned drug (phase 1), 3) comparison of both
means and medians using parametric and nonparametric
statistics, respectively, 4) examination of re-transformed
log-cost data, and 5) sensitivity analyses in which less ex-
pensive Medicaid- and VA-discounted drug prices were
applied to all patients. Since in this study perphenazine
was consistently and significantly less costly and not less
effective than the next most effective treatment, as mea-
sured by QALY ratings, calculation of the cost-effective-
ness ratio was not performed (13).

These results extend the efficacy and safety outcomes
analysis from the first report of the CATIE study, which
used time to discontinuation of the initial treatment for
any cause as the primary measure of effectiveness (10).
The median time to discontinuation or completion of the
trial in that study was 9.2 months for olanzapine com-
pared with 5.6 months for perphenazine, a 64% increase
for olanzapine in the length of time when both patient and
doctor felt that no increase in benefit could be obtained by
switching to another drug. The cost of treatment during
these initial treatment periods, including the drugs, was
$1,404 per month for olanzapine versus $960 per month
for perphenazine, a 46% increase in cost per month for
olanzapine. Among those who did not complete the study
with their initial assigned medication and who were
switched to other drugs, the difference in average monthly

costs for the remainder of the 18-month study period, af-
ter the treatment period on their initially assigned drug,
was only 3%.

Strengths of the study were its large sample size, long fol-
low-up duration, and recruitment of patients from diverse
representative sites with minimal exclusion criteria—all of
which increase the generalizability of the results. The study
was also enhanced by the use of a rigorously developed al-
gorithm for evaluating health states specific to schizophre-
nia in terms of QALY ratings that take both symptoms of
schizophrenia and side effects into account.

At the time the study was initiated, it was widely be-
lieved that perphenazine increased the risk of tardive dys-
kinesia, and differential randomization was used to mini-
mize that risk. While a recent review suggested that
second-generation antipsychotics are associated with less
risk of tardive dyskinesia than first-generation antipsy-
chotics (26), it noted that only three of 11 year-long studies
were based on randomized trials and many others used
relatively high doses of haloperidol for comparison. Re-
sults from the CATIE investigation (10) are consistent with
the results of other recent studies (8, 9, 27–31) that have
questioned the extent to which the risk of either tardive

FIGURE 5. Total Average Monthly Health Costs During
Phase 1a by Initial Assigned Medication

a Costs include inpatient, residential, and outpatient treatment and
medication costs only for the period the patient was receiving the
initial assigned medication.
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Patient Perspective

“John” is a patient who typifies health state 5, 

which the community panel in the 2004 study of Le-

nert et al (18) gave a QALY rating of 0.65. John has 

moderately severe positive symptoms, including a 

wide range of poorly formed delusions that influence 

his behaviors. He smells bad smells and hears voices 

telling him he must clean up his mess or he will be 

punished. He thinks the smells are caused by leaks be-

tween the sewer and the tap water. As a result, he nev-

er drinks tap water and only washes his hands with 

towelettes. He talks repeatedly about the risk of catch-

ing hepatitis from tap water.

He does not have serious negative symptoms but 

has significant cognitive problems, with poor under-

standing of most analogies and difficulty placing items 

in categories. He is easily distracted and has difficulty 

concentrating on any one topic in conversation. He 

looks nervous, sometimes getting a little restless and 

agitated when you talk to him.

He has palpable emotional distress, saying he feels 

very nervous and complains of trembling hands and 

excessive perspiration. One can see John is anxious and 

that he has delusions, he mistrusts tap water, and washes 

his hands frequently with baby wipes. He spent part of 

last year living on the streets and in public shelters, but 

now he lives in a subsidized home. He goes out for 

walks, he shops, and sometimes he’ll even go to a res-

taurant. But he hasn’t developed meaningful relation-

ships with other people because he is too anxious, he 

can’t concentrate, and his delusions get in the way.
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dyskinesia or pseudoparkinsonism is greater with older
drugs, especially when lower potency drugs are used in
moderate doses (29, 32). The maximum dose of perphena-
zine allowed in the CATIE study was 32 mg, about half the
maximum clinically recommended dose (64 mg for inpa-
tients). It is notable, however, that only 40% of perphena-
zine patients reached the maximally allowed 32-mg dose,
the same percentage as reached maximal doses in the
olanzapine and risperidone arms (10).

Data loss from attrition was considerable. However, dif-
ferences in loss-to-follow-up rates across treatments were
generally small and not significantly different between
olanzapine and perphenazine, the most effective two
treatments, at 16 of 18 time points. In the comparisons be-
tween the two most effective drugs, perphenazine and
olanzapine, data were obtained at 65% of scheduled as-
sessments for perphenazine and at 70% for olanzapine. To
the extent that this difference introduces selection bias, it
would tend to favor olanzapine, since patients tend to do
better at later assessments, a greater fraction of which
were completed by patients in the olanzapine group. We
also conducted a series of analyses to determine whether
there were any differences between treatments in baseline
characteristics (e.g., symptoms or substance abuse) that
predicted duration of participation in the trial. If patients
with severe symptoms at baseline were especially likely to
drop out with one of the treatments, long-term findings
could be systematically biased in favor of that treatment.
However, there were no significant interactions between
treatment assignment and any baseline characteristics in
association with duration of participation in the trial. Dif-
ferences between treatments in baseline predictors of
drop out do not seem to have biased our results. Re-analy-
sis of primary outcomes using Multiple Imputation to ad-
dress missing data (presented in the data supplement that
accompanies the online version of this article) was consis-
tent with our results.

Furthermore, the failure to find significant differences
between perphenazine and olanzapine on any effective-
ness measure, other than the duration of treatment with
the initially assigned antipsychotic, is not likely to be at-
tributable to the lack of statistical power, since differences
of small magnitude (4 points on the PANSS and 0.016 in
QALY rating) were found to be statistically significant in
some comparisons involving both olanzapine and per-
phenazine and other treatments and 95% confidence in-
terval analysis showed small differences between olanza-
pine and perphenazine on effectiveness measures.

The CATIE study was not long enough to detect differ-
ences in time-dependent, longer-term side effects such as
tardive dyskinesia or medical comorbidity (e.g., diabetes
or cardiovascular disease), since findings cannot be gener-
alized beyond 18 months. Lack of long-term cost data
from either the CATIE study or other randomized trials re-
lated to these serious outcomes limits the conclusions re-
garding cost-effectiveness that can be drawn at this time.

It should also be reiterated that the comparisons with per-
phenazine only pertain to treatment of patients without
tardive dyskinesia at the time of treatment initiation. Sim-
ilarly, the results cannot be generalized to other clinical
populations such as first-episode patients, refractory pa-
tients, the elderly, those with unstable medical problems,
long-term institutionalized patients, patients who refuse
to take medication, or patients with diagnoses other than
schizophrenia. The relevance of these findings to first-
generation antipsychotics other than perphenazine at
modest doses, or to other second-generation antipsychot-
ics, and especially to clozapine, is also unknown. Further-
more, patients who believed that their current medication
(whether first or second generation) was uniquely effec-
tive for them were unlikely to have participated, and these
results are thus not applicable to patients satisfied with
their current medication.

Treatment decisions must be based on the clinical situ-
ation of each individual patient. This study would clearly
not justify policies that would unconditionally restrict ac-
cess to any particular medication or that would thought-
lessly force patients or doctors who are satisfied with a
current treatment to change to a treatment just because it
might be less expensive. The development and implemen-
tation of formulary policies that might allow cost savings
while protecting individualized clinical decision making
should be based on consideration of all available research
and on a consensus among relevant stakeholders, includ-
ing patients and families as well as providers (33).

These results should encourage consideration of older
intermediate potency drugs like perphenazine when a
medication change is indicated. Risperidone is likely to be
available in generic form in the next few years, followed by
olanzapine 4 or 5 years later. Generic versions of these
drugs are likely to have even lower prices than those used
in our discounted cost estimates, and the coming avail-
ability of generic second-generation antipsychotics will
undoubtedly alter the cost profiles described here.

Received Feb. 2, 2006; revisions received March 27, June 20, and
Aug. 15, 2006; accepted Aug. 28, 2006. From the University of North
Carolina (Chapel Hill, N.C.), Duke University (Durham, N.C.), the Univer-
sity of Southern California (Los Angeles, Calif.), the University of Roch-
ester (Rochester, N.Y.), and Yale University (New Haven, Conn.) in asso-
ciation with Quintiles, Inc.; the program staff of the NIMH Division of
Interventions and Services Research; and the CATIE Study Investigators
Group (investigators from 56 U.S. sites presented in the data supple-
ment that accompanies the online version of this article). Address cor-
respondence and reprint requests to Dr. Rosenheck, Northeast Pro-
gram Evaluation Center (182), VA Connecticut Health Care System, 950
Campbell Ave., West Haven, CT 06516; Robert.Rosenheck@Yale.Edu
(email).

Dr. Rosenheck reports having received research funding from As-
traZeneca Pharmaceuticals LP, Bristol-Myers Squibb, Eli Lilly and
Company, and Wyeth and consulting fees from Bristol-Myers Squibb,
Eli Lilly, GlaxoSmithKline, and Janssen Pharmaceutica Products. Dr.
Stroup reports having received research funding from Eli Lilly and
Company and consulting fees from Bristol-Myers Squibb, GlaxoSmith-
Kline, and Janssen Pharmaceutica Products. Dr. McEvoy reports hav-
ing received research funding from AstraZeneca, Eli Lilly and Com-
pany, Forest Research Institute, Janssen Pharmaceutica, and Pfizer



2088 Am J Psychiatry 163:12, December 2006

COST-EFFECTIVENESS OF ANTIPSYCHOTICS

ajp.psychiatryonline.org

Inc.; consulting or advisory board fees from Pfizer Inc. and Bristol-
Myers Squibb; and lecture fees from Bristol-Myers Squibb Janssen
and Pharmaceutica. Dr. Davis reports serving on an advisory board
for Eli Lilly and Company and Pfizer, Inc., and is an employee of Quin-
tiles, Inc. Dr. Keefe reports having received research funding from As-
traZeneca, Eli Lilly and Company, and Janssen Pharmaceutica; con-
sulting fees or advisory board payments from Bristol-Myers Squibb,
Eli Lilly and Company, Forest Labs, Janssen Pharmaceutica, and
Pfizer Inc.; and lecture fees from Eli Lilly and Company and Janssen
Pharmaceutica. Dr. Swartz reports having received research funding
from Eli Lilly and Company and consulting and educational fees from
AstraZeneca Pharmaceuticals LP, Bristol-Myers Squibb, Eli Lilly and
Company, and Pfizer Inc. Dr. Perkins reports having received research
funding from AstraZeneca Pharmaceuticals LP, Bristol-Myers Squibb,
Eli Lilly and Company, Janssen Pharmaceutica Products, Otsuka Phar-
maceutical Co., Ltd, and Pfizer Inc.; and consulting and educational
fees from AstraZeneca Pharmaceuticals LP, Bristol-Myers Squibb, Eli
Lilly and Company, Forest Labs, GlaxoSmithKline, Janssen Pharma-
ceuticals, Pfizer Inc., and Shire. Dr. Lieberman reports having re-
ceived research funding from AstraZeneca Pharmaceuticals LP, Bris-
tol-Myers Squibb, GlaxoSmithKline, Janssen Pharmaceutica Products,
and Pfizer Inc.; and consulting and educational fees from AstraZen-
eca Pharmaceuticals LP, Bristol-Myers Squibb, Eli Lilly and Co., Forest
Pharmaceutical Company, GlaxoSmithKline, Janssen Pharmaceutica
Products, Novartis, Pfizer Inc., and Solvay. Drs. Leslie, Sindelar, Miller,
Lin, and Hsiao report no competing interests.

The first author (R.R.) had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accuracy
of the data analysis. This article was based on results from the Clini-
cal Antipsychotic Trials of Intervention Effectiveness (CATIE) project,
supported by the National Institute of Mental Health (N01 MH90001).
The aim of this project was to examine the comparative effectiveness
of antipsychotic drugs in conditions for which their use is clinically in-
dicated, including schizophrenia and Alzheimer’s disease. Medica-
tion was provided by AstraZeneca Pharmaceuticals LP, Bristol-Myers
Squibb Company, Eli Lilly and Company, Forest Pharmaceuticals, Inc.,
Janssen Pharmaceutica Products, L.P., Otsuka Pharmaceutical Co.,
Ltd., Pfizer Inc., and Zenith Goldline Pharmaceuticals, Inc. The Foun-
dation of Hope of Raleigh, N.C. also supported this work.

The authors thank Ingrid Rojas-Eloi, B.S., Project Manager of CATIE,
and Tiffany Harris, staff assistant, Department of Psychiatry, School
of Medicine, University of North Carolina at Chapel Hill for their con-
tributions. Les Lenert, M.D., provided consultation on utility assess-
ment; and Jennifer Cahill of the VA Northeast Program Evaluation
Center provided analytic support. The authors are also indebted to
the 1,493 CATIE patient participants for their collaboration. 

References

1. Duggan M: Do new prescription drugs pay for themselves? the
case of second-generation antipsychotics. J Health Economics
2005; 24:1–31

2. Davis JM, Chen N, Glick ID: A meta-analysis of the efficacy of
second-generation antipsychotics. Arch Gen Psychiatry 2003;
60:553–564

3. Revicki DA, Luce BR, Weschler JM, Brown RE, Adler MA: Cost-ef-
fectiveness of clozapine for treatment-resistant schizophrenic
patients. Hosp Community Psychiatry 1990; 41:850–854

4. Reid WH, Mason M: Psychiatric hospital utilization in patients
treated with clozapine for up to 4.5 years in a state mental
health care system. J Clin Psychiatry 1998; 59:189–194

5. Hamilton SH, Revicki DA, Edgell ET, Genduso LA, Tollefson G:
Clinical and economic outcomes of olanzapine compared with
haloperidol for schizophrenia: results from a randomized clin-
ical trial. Pharmacoeconomics 1999; 15:469–480

6. Essock SM, Frisman LK, Covell NH, Hargreaves W: Cost-effective-
ness of clozapine compared with conventional antipsychotic
medications for patients in state hospitals. Arch Gen Psychiatry
2000; 57:987–994

7. Rosenheck RA, Cramer J, Xu W, Thomas J, Henderson W, Fris-
man LK, Fye C, Charney D, for the Department of Veterans Af-

fairs Cooperative Study Group on Clozapine in Refractory
Schizophrenia: A comparison of clozapine and haloperidol in
the treatment of hospitalized patients with refractory schizo-
phrenia. N Engl J Med 1997; 337:809–815

8. Rosenheck RA, Perlick D, Bingham S, Liu-Mares, Collins J, War-
ren S, Leslie D, for the Department of Veterans Affairs Cooper-
ative Study Group on the Cost-Effectiveness of Olanzapine: Ef-
fectiveness and cost of olanzapine and haloperidol in the
treatment of schizophrenia. JAMA 2003; 290:2693–2702

9. Jones PB, Barnes TRE, Davies L, Dunn G, Lloyd H, Hayhurst KP,
Murray RM, Markwick A, Lewis SW: Randomized controlled
trial of effect on quality of life of second generation versus first
generation antipsychotic drugs in schizophrenia – CUtLASS1.
Arch Gen Psychiatry (in press)

10. Lieberman JA, Stroup S, McEvoy J, Swartz M, Rosenheck R, Per-
kins D, Keefe RSE, Davis S, Davis CE, Hsiao J, Severe J, Lebowitz
B, for the CATIE Investigators: Effectiveness of antipsychotic
drugs in patients with chronic schizophrenia: primary efficacy
and safety outcomes of the Clinical Antipsychotic Trials of In-
tervention Effectiveness (CATIE) schizophrenia trial. N Engl J
Med 2005; 353:1209–1223

11. First MB, Spitzer RL, Gibbon M, Williams JBW: Structured Clini-
cal Interview for DSM-IV Axis I and II Disorders, version 2.0.
New York, New York State Psychiatric Institute, Biometrics Re-
search, 1995

12. Stroup TS, McEvoy JP, Swartz MS, Byerly MJ, Glick ID, Canive JM,
McGee MF, Simpson GM, Stevens MC, Lieberman JA: The Na-
tional Institute of Mental Health Clinical Antipsychotic Trials of
Intervention Effectiveness (CATIE) project: schizophrenia trial
design and protocol development. Schizophr Bull 2003; 29:15–
31

13. Gold MR, Siegel JE, Russell LB, Weinstein MC: Cost Effectiveness
in Health and Medicine. New York, Oxford University Press,
1996

14. Drug Topics Red Book. Montvale, NJ, Medical Economics Com-
pany, 1999

15. Department of Health and Human Services, Office of Inspector
General (2005): Medicaid Drug Price Comparisons: Average
Manufacturer Price to Published Prices (http://oig.hhs.gov/oei/
reports/oei-03-05-00200.pdf, last viewed on November 23,
2005)

16. Rosenheck RA, Leslie DL, Sernyak ME: From clinical trials to
real-world practice: use of atypical antipsychotic medication
nationally in the Department of Veterans Affairs. Medical Care
2001; 39:302–308

17. Thompson Medstat Group: Marketscan Communical Claims
and Encounters Database. Ann Arbor, Mich, Thompson Med-
stat Group, 2002

18. Lenert L, Sturley AP, Rapaport MH, Chavez S, Mohr P, Rupnow
M: Public preferences for health states with schizophrenia and
a mapping function to estimate utilities from positive and neg-
ative syndrome scale scores. Schizophr Res 2004; 71:155–165

19. Lenert L, Sturly AP, Rupnow M: Toward improved methods for
measurement of utility: automated repair of errors in utility
elicitations. Med Decis Mak 2003; 23:1–9

20. Mohr PE, Cheng CM, Claxton K, Conley RR, Feldman JJ, Har-
greaves WA, Lehman AF, Lenert LA, Mahmoud R, Marder SR,
Neumann PJ: The heterogeneity of schizophrenia in disease
states. Schizophr Res 2004; 71:83–95

21. Kay SR, Fiszbein A, Opler L: The Positive and Negative Syn-
drome Scale (PANSS) for schizophrenia. Schizophr Bull 1987;
13:261–276

22. Hochberg Y: A sharper Bonferroni procedure for multiple tests
of significance. Biometrika 1988; 75:800–802

23. Tabachnick B, Fidell L: Using Multivariate Statistics (4th Edition)
Boston, Allen and Bacon, 2000



Am J Psychiatry 163:12, December 2006 2089

ROSENHECK, LESLIE, SINDELAR, ET AL.

ajp.psychiatryonline.org

24. Duan N: Smearing estimate: a nonparametric retransforma-
tion method. J Am Stat Assoc 1983; 78:605–610

25. Manning WG, Mullahy J: Estimating log models: to transform or
not to transform? J Health Econ 2001; 20:461–494

26. Correll CU, Leucht S, Kane JM: Lower risk for tardive dyskinesia
associated with second-generation antipsychotics: a systematic
review of 1-year studies. Am J Psychiatry 2004; 161:414–425

27. Halliday J, Farrington S, Macdonald S, MacEwan T, Sharkey V,
McCreadie R: Nithsdale Schizophrenia Surveys 23: movement
disorders. Br J Psychiatry 2002; 181:422–427

28. Lee PE, Sykora K, Gill SS, Mamdani M, Marras C, Anderson G,
Shubnan KI, Stukel T, Normand S-L, Rochon P: Antipsychotic
medication and drug-induced movement disorder: a popula-
tion-based cohort study in older adults. J Am Geriatr Soc 2005;
53:1374–1379

29. Rochon PA, Stukel TA, Sykora K, Gill S, Garfinkel S, Anderson
GM, Normand S-L T, Mamdani M, Lee PE, Li P, Bronskill SE, Mar-
ras C, Gurwitz JH: Atypical antipsychotics and parkinsonism.
Arch Intern Med 2005; 165:1882–1888

30. Woods S, Saksa JR, Walsh B, Sullivan MC, Morganstern H, Glazer
W: Tardive Dyskinesia in a Community Mental Health Center:
2000–2005 (submitted)

31. Rosenheck RA: Efficacy vs. effectiveness of second generation
antipsychotics: haloperidol without prophylactic anticholin-
ergics as a comparitor. Psychiatr Serv 2005; 56:85–92

32. Leucht S, Wahlbeck K, Hamann J, Kissling W: New generation
antipsychotics versus low-potency conventional antipsychot-
ics: a systematic review and meta-analysis. Lancet 2003; 361:
1581–1589

33. Daniels N, Sabin J: Setting Limits Fairly: Can We Learn to Share
Medical Resources? New York, Oxford, 2003


