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Second-generation versus fi rst-generation antipsychotic 
drugs for schizophrenia: a meta-analysis
Stefan Leucht, Caroline Corves, Dieter Arbter, Rolf R Engel, Chunbo Li, John M Davis

Summary
Background Because of the debate about whether second-generation antipsychotic drugs are better than fi rst-generation 
antipsychotic drugs, we did a meta-analysis of randomised controlled trials to compare the eff ects of these two types 
of drugs in patients with schizophrenia.

Methods We compared nine second-generation antipsychotic drugs with fi rst-generation drugs for overall effi  cacy 
(main outcome), positive, negative and depressive symptoms, relapse, quality of life, extrapyramidal side-eff ects, 
weight gain, and sedation. 

Findings We included 150 double-blind, mostly short-term, studies, with 21 533 participants. We excluded open studies 
because they systematically favoured second-generation drugs. Four of these drugs were better than fi rst-generation 
antipsychotic drugs for overall effi  cacy, with small to medium eff ect sizes (amisulpride −0·31 [95% CI −0·44 to −0·19, 
p<0·0001], clozapine −0·52 [−0·75 to −0·29, p<0·0001], olanzapine −0·28 [−0·38 to −0·18, p<0·0001], and 
risperidone −0·13 [−0·22 to −0·05, p=0·002]). The other second-generation drugs were not more effi  cacious than the 
fi rst-generation drugs, even for negative symptoms. Therefore effi  cacy on negative symptoms cannot be a core 
component of atypicality. Second-generation antipsychotic drugs induced fewer extrapyramidal side-eff ects than did 
haloperidol (even at low doses). Only a few have been shown to induce fewer extrapyramidal side-eff ects than 
low-potency fi rst-generation antipsychotic drugs. With the exception of aripiprazole and ziprasidone, second-generation 
antipsychotic drugs induced more weight gain, in various degrees, than did haloperidol but not than low-potency 
fi rst-generation drugs. The second-generation drugs also diff ered in their sedating properties. We did not note any 
consistent eff ects of moderator variables, such as industry sponsorship, comparator dose, or prophylactic 
antiparkinsonian medication.

Interpretation Second-generation antipsychotic drugs diff er in many properties and are not a homogeneous class. 
This meta-analysis provides data for individualised treatment based on effi  cacy, side-eff ects, and cost.

Funding National Institute of Mental Health.

Introduction
The high costs of second-generation (atypical) antipsycho-
tic drugs, with $7·5 billion sales in the USA in 2003,1 has 
led to a continuing debate about their benefi ts compared 
with fi rst-generation compounds. Limitations of previous 
reviews2,3 were that they analysed only one global effi  cacy 
outcome, even though the main advantage of second-
generation antipsychotic drugs is claimed to be their broad 
effi  cacy spectrum. In particular, these drugs are thought 
to improve negative symptoms, depression, and quality of 
life more than do conventional antipsychotic drugs. 
Improved effi  cacy for these problems is thought to be a 
major characteristic of the atypicality of second-generation 
antipsychotic drugs, in addition to a reduction in 
extrapyramidal side-eff ects. In previous meta-analyses 
(apart from Cochrane reviews), side-eff ects were not 
assessed thoroughly, even though they are important 
criteria in drug choice. Furthermore, the number of 
randomised controlled trials in which antipsychotic 
drugs were assessed is continually increasing, making 
new meta-analyses necessary. We present a meta-analysis 
of randomised controlled trials to compare the eff ects 
of second-generation antipsychotic drugs with fi rst-

generation antipsychotic drugs on several outcomes in 
patients with schizophrenia. 

Methods
Search
We searched (without language restrictions) the register 
of the Cochrane Schizophrenia Group,4 US Food and 
Drugs Administration website, and previous reviews2–4 for 
randomised controlled trials in which oral formulations 
of second-generation antipsychotic drugs (amisulpride, 
aripiprazole, clozapine, olanzapine, quetiapine, risperi-
done, sertindole, ziprasidone, and zotepine) were com-
pared with fi rst-generation anti psychotic drugs for the 
treatment of schizophrenia or related disorders 
(schizoaff ective, schizophreniform, or delusional disorder, 
and irrespective of the diagnostic criterion used). We 
started the search in August, 2005, and searched Medline 
up to October, 2006. The Cochrane Schizophrenia Group 
register is compiled with regular methodical searches of 
ten electronic databases, and supplemented with manual 
searching of relevant journals and conference 
proceedings.4 We included only those studies meeting 
quality criteria A (adequate randomisation) and B (usually 
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stated as randomised without details) according to the 
Cochrane handbook.5 For fi xed-dose studies, we selected 
only those with optimum doses of second-generation 
antipsychotic drugs as reported in dose-fi nding studies 
(amisulpride 50–300 mg per day for predominantly 
negative symptoms and 400–800 mg per day for positive 
symptoms, aripiprazole 10–30 mg per day, olanzapine 
10–20 mg per day, quetiapine >250 mg per day, risperidone 
4–6 mg per day, sertindole 16–24 mg per day, and 
ziprasidone 120–160 mg per day). Note that if we had used 
an increased threshold dose of quetiapine, the effi  cacy 
would have been reduced because 750 mg per day was the 
least eff ective dose6 in the only relevant study. For the 
Clinical Antipsychotic Trials of Intervention Eff ectiveness 
(CATIE) study,7 we used the Positive and Negative 
Syndrome Scale (PANSS) total score and quality-of-life 
score, since these alone were available for all patients 
without tardive dyskinesia.8,9 We included studies in 
which medications were allowed to be switched between 
groups.10–12 Inclusion or exclusion of these studies and 
other CATIE7 results had no important eff ect on the 
outcomes. 

Data extraction and outcome variables
Two reviewers (DA, CL, SL) independently extracted all 
data. We contacted fi rst authors (if address was available) 
and all second-generation antipsychotic drug manu fac-
turers for missing data. We assessed the mean overall 
change in symptoms, with the following order: change in 
PANSS total score from baseline, if not available then the 
change in the Brief Psychiatric Rating Scale (BPRS), and 
then values of these scales at study endpoint, all based on 
intention-to-treat datasets whenever available. We 
similarly analysed negative, positive, and depressive 
symptoms, and overall quality of life; and we analysed 
dichotomous-out come responder rates for number 
needed to treat (NNT), number needed to harm (NNH), 
and relapse rates. A 50% reduction from baseline in 
PANSS or BPRS scores, or a score of much improved on 
the Clinical Global Impression Scale, were the a-priori 
chosen cutoff s;4,13 how ever, when these were not available, 
we applied the authors’ defi ni tions of response. We 
analysed weight gain and sedation. For extrapyramidal 
side-eff ects, the main outcome was use of antiparkinsonian 
medication; in com pari sons with low-potency fi rst-gene-
ration anti psychotic drugs, use of antiparkinsonian 
medication was so rarely reported so we used at least one 
extra pyramidal side-eff ect as the outcome in such studies. 
In meta-regression analyses, in which we assessed the 
eff ect of prophylactic anti parkinsonian medication on 
diff erences in extra pyramidal side-eff ects, the results of 
the extra pyra midal side-eff ect rating scales were the 
dependent variable.

Meta-analytical calculations
For continuous data, we used the standardised mean 
diff er ence Hedges’ adjusted g. Unreported SD values 
were calcu lated from other statistics or from the average 
of the other studies. Standard inverse of the variance 
weighting was used when we pooled the studies. We did 
not apply weighting for study quality, because 
determination of how much weight to assign to diff erent 
quality criteria has no empiri cal basis.5 For dichotomous 
data, we applied a once ran domised–analysed endpoint 
assessment, calculating rela tive risks (RR) primarily, risk 
diff erences, and NNT or NNH. Since considerable 
heterogeneity exists in some analyses according to the 
I² statistics,14 we applied the Der-Simonian and Laird15 
random-eff ects model through out. 

We compared double-blind studies with open-label or 
single-blind studies and noted that the open-label and 
single-blind studies systematically favoured the second-
generation antipsychotic drugs. We therefore based all 
subsequent analyses on double-blind studies. With 
random-eff ect restricted maximum-likelihood meta-
regres sion or sensitivity analyses, or both, we assessed 
industry sponsorship, chronicity, study duration, western 
versus Oriental (mainly Chinese) studies, com parator 
dose, diff erences in extrapyramidal side-eff ects between 
second-generation and fi rst-generation anti psychotic 
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Figure 1: Non double-blind studies favour second-generation antipsychotic drugs
Data are Hedges’ g (95% CI) and relative risk (RR; 95% CI). Similar results were obtained after correction for 
diff erences in effi  cacy and side-eff ects of the drugs. SGA=second-generation antipsychotic drug.

Number of 
double-blind 
studies

Number of open-
label/single-blind 
studies

Q p value*

Overall symptoms 127 49 1·57 0·2110

Positive symptoms 81 36 1·37 0·2414

Negative symptoms 101 41 11·98 0·0005

Antiparkinsonian medication 87 17 5·48 0·0192

Sedation 69 18 4·05 0·0441

Weight gain 44 6 0·38 0·540

*For diff erence between double-blind and open-label or single-blind studies. 

Table 1: Non double-blind studies favour second-generation antipsychotic drugs
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drugs, prophylactic anti parkinsonian medi cation, and 
haloperidol versus low-potency comparator drug (defi ned 
as less or equipotent to chlorpromazine) as potential 
moderators.16 With the last four moderators, we tested 
the hypothesis that extrapyramidal side-eff ects induced 
by fi rst-generation antipsychotic drugs might mimic 
symp toms of schizo phrenia and falsely suggest that 
second-generation drugs are better.1,2,17 We analysed the 
eff ects of comparator-drug dose with the following 
cutoff s: haloperidol 12 mg per day2,16 or 7·5 mg per day 
(an ade quate dose according to a Cochrane review),18 
and, for low-potency fi rst-generation antipsychotic 
drugs, 600 mg per day17 chlorpromazine equivalents.16,17

We assessed publication bias with funnel plots.5 We 
did calculations with Comprehensive Meta-Analysis 
(version 2.2.034)19 and Stata (version 7.0). Two-sided α 
was set at p<0·05. We did not adjust signifi cance levels 
for multiple testing. Note that we did the sensitivity 

analyses to assess the robustness of results and not to 
gather signifi cant results.

Role of the funding source
The sponsor had no infl uence on design, analysis, 
interpretation, and writing of the report. The corre-
sponding author had full access to all the data in the 
study and had fi nal responsibility for the decision to 
submit for publication.

Results
Search
Our search yielded 4166 citations. Of 411 inspected, we 
excluded 107 studies for reasons of inadequate 
randomisation (n=50), no appropriate intervention or 
control group (n=29), inappropriate participants (n=2), no 
usable data (n=24), presentation of a subgroup only (n=1), 
and very short duration (ie, 5 days; n=1). Another 65 open 
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Figure 2: Second-generation versus fi rst-generation antipsychotic drugs—effi  cacy in various domains
Data are Hedges’ g (95% CI). Note that the results are signifi cant at p<0·05 if the 95% CIs do not overlap the x axis. SGA=second-generation antipsychotic drug.
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or single-blind studies were excluded after the absence of 
double blind was detected as a bias.

We included a total of 239 publications of 
150 double-blind studies with 21 533 participants. 
Haloperidol was the comparator drug in 95 studies, 
chlorpromazine in 28, perphenazine in fi ve, fl uphenazine 

in four, fl upenthixol and perazine in three each, 
thioridazine and levomepromazine in two each, and all 
other drugs (clopenthixol, zuclopenthixol, mosapramine, 
tiothixene, clocapramine, trifl uoperazine, periciacine, 
and any fi rst-generation antipsychotic drugs) in one 
each. 35 studies were of Oriental origin; in fi ve studies, 
the fi rst episode of schizophrenia was assessed; 121 (81%) 
studies lasted 12 weeks or less; 17 (11%) lasted up to 
6 months; and 12 (8%) were longer than 6 months. The 
mean duration of illness was 11·8 years (SD 7·7) and 
mean age of patients was 36·2 years (7·1; webtable 1).

Outcomes
Figures 1–7 and tables 1–7 summarise the fi ndings.  
Webtables 2–4 show detailed statistics, meta-regressions, 
and sensitivity analyses; webfi gures 1–10 show forest-
plots; webfi gure 11 shows the funnel-plots, webtable 5 
shows further results and discussions on comparator 
dose; webtable 6 shows prophylactic antiparkinsonian 
medi cations; webtable 7 shows industry-sponsorship; and 
webtable 8 shows effi  cacy versus eff ectiveness research.

Eff ects of blinding
Open-label and single-blind studies yielded signifi cantly 
higher eff ect sizes than did double-blind studies in 
several domains of effi  cacy and tolerability 
(fi gure 1; table 1). Further eff ects of the absence of 
masking were noted for single second-generation 
drugs—eg, in the overall effi  cacy of olanzapine (p=0·040) 
and quetiapine (p=0·009).

Overall effi  cacy
Five second-generation antipsychotic drugs (aripiprazole, 
quetiapine, sertindole, ziprasidone, and zotepine) were 
not signifi cantly diff erent from fi rst-generation anti-
psychotic drugs in their eff ects on overall symptoms 
(fi gure 2; table 2). Four second-generation antipsychotic 
drugs—ie, amisulpride, clozapine, olanzapine, and 
risperidone—were more effi  cacious (Hedges’ g −0·13 to 
−0·52) than fi rst-generation drugs (fi gure 2; table 2). The 
NNT for one additional responder was between 6 (95% 
CI 4–10) for amisulpride and 15 (9–36) for risperidone 
(webtable 4). 

Specifi c psychopathology
These four second-generation antipsychotic drugs were 
also more effi  cacious than fi rst-generation drugs for 
treatment of positive and negative symptoms 
(fi gure 2; table 2).

Importantly for the notion of atypicality, the other fi ve 
second-generation antipsychotic drugs (ie, aripiprazole, 
quetiapine, sertindole, ziprasidone, and zotepine) were 
not more eff ective than fi rst-generation drugs for 
treatment of negative symptoms. The drugs were also no 
more effi  cacious than fi rst-generation antipsychotic 
drugs for positive symptoms, and quetiapine was less 
effi  cacious.

Number of 
studies

Number of 
participants

Hedges’ g (95% CI) p value

Amisulpride

Overall symptoms 13 1017 −0·31 (−0·44 to −0·19) <0·0001

Positive symptoms 4 703 −0·22 (−0·37 to −0·06) 0·005

Negative symptoms 10 929 −0·27 (−0·40 to −0·14) 0·0001

Depression 9 900 −0·37 (−0·51 to −0·24) <0·0001

Aripiprazole

Overall symptoms 5 2049 −0·05 (−0·14 to 0·05) 0·326

Positive symptoms 4 1983 0·03 (−0·06 to 0·12) 0·508

Negative symptoms 5 2049 −0·09 (−0·19 to 0·01) 0·079

Depression 1 1278 −0·12 (−0·24 to −0·01) 0·040

Clozapine

Overall symptoms 23 1997 −0·52 (−0·75 to −0·29) <0·0001

Positive symptoms 10 1080 −0·36 (−0·56 to −0·16) <0·0001

Negative symptoms 17 1603 −0·27 (−0·42 to −0·13) <0·0001

Depression 6 426 −0·51 (−0·87 to −0·14) 0·006

Olanzapine

Overall symptoms 28 4966 −0·28 (−0·38 to −0·18) <0·0001

Positive symptoms 24 4189 −0·15 (−0·21 to −0·09) <0·0001

Negative symptoms 24 4187 −0·32 (−0·47 to −0·16) <0·0001

Depression 12 2893 −0·27 (−0·35 to −0·19) <0·0001

Quetiapine

Overall symptoms 11 2412 0·04 (−0·04 to 0·12) 0·308

Positive symptoms 9 1742 0·14 (0·03 to 0·26) 0·013

Negative symptoms 10 1926 0 (−0·09 to 0·09) 0·928

Depression 4 442 −0·23 (−0·41 to −0·04) 0·016

Risperidone

Overall symptoms 34 4173 −0·13 (−0·22 to 0·05) 0·002

Positive symptoms 28 3286 −0·13 (−0·20 to −0·05) 0·001

Negative symptoms 30 3455 −0·13 (−0·21 to −0·06) <0·0001

Depression 11 1611 −0·10 (−0·23 to 0·03) 0·145

Sertindole

Overall symptoms 4 1344 0·02 (−0·13 to 0·16) 0·836

Positive symptoms 3 1145 0·17 (−0·03 to 0·36) 0·089

Negative symptoms 4 1198 −0·11 (−0·22 to 0·01) 0·068

Depression 2 574 −0·04 (−0·22 to 0·14) 0·680

Ziprasidone

Overall symptoms 5 980 0·04 (−0·08 to 0·17) 0·483

Positive symptoms 4 728 0·03 (−0·20 to 0·26) 0·813

Negative symptoms 3 691 −0·09 (−0·29 to 0·11) 0·384

Depression 3 691 0·01 (−0·14 to 0·16) 0·910

Zotepine

Overall symptoms 15 1125 −0·10 (−0·27 to 0·06) 0·212

Positive symptoms 2 192 0·12 (−0·16 to 0·40) 0·409

Negative symptoms 5 450 −0·23 (−0·46 to 0) 0·050

Depression 2 134 −0·14 (−0·48 to 0·20) 0·413

Table 2: Second-generation versus fi rst-generation antipsychotic drugs—effi  cacy in various domains

See Online for webtables 1–8 
and webfi gures 1–11
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The pattern for depression was somewhat diff erent—
ie, amisulpride, clozapine, olanzapine, and aripiprazole 
and quetiapine, were signifi cantly better than fi rst-
generation drugs, whereas risperidone was not.

Relapse
Relapse was reported in only 14 long-term studies. Olanza-
pine (four studies, 1008 participants, RR 0·67 [0·49–0·92], 
NNT 17 [8–100]), risperidone (5, 1174, 0·74 [0·63–0·87], 
11 [7–33]), and sertindole (1, 282, 0·17 [0·04–0·73], 14 [8–50]) 
proved to be signifi cantly better than fi rst-generation 
antipsychotic drugs; amisulpride, aripiprazole, and 
clozapine showed no signifi cant diff erence (webtable 2). 
No studies were available for the other second-generation 
antipsychotic drugs. For quetia pine, in a large unpublished 
study, no diff erence com pared with haloperidol (n=301)20 
was reported, but the data necessary for meta-analytical 
calculations were not presented.

Quality of life
Quality of life was reported in only 17 studies. Only amisul-
pride, clozapine, and sertindole were better than fi rst-
generation antipsychotic drugs (fi gure 3; table 3). In three 
further olanzapine studies, no signifi cant diff erence was 
reported for the related idea of patients’ attitude towards 
treatment (n=171, −0·36 [95% CI −0·90 to 0·21, p=0·21]).

Side-eff ects
According to textbooks, high-potency and low-potency 
fi rst-generation antipsychotic drugs are equally effi  ca-
cious, but diff er in side-eff ects.21 Therefore, we have 
presented the tolerability results separately for haloperidol 
and low-potency comparator drugs.

Extrapyramidal side-eff ects
All second-generation antipsychotic drugs were 
associated with much fewer extrapyramidal side-eff ects 
than haloperidol. NNT was between 2 for clozapine and 
5 for zotepine (fi gure 4; table 4). However, with the 
exception of clozapine, olanzapine, and risperidone, 
second-generation drugs have not been shown to be 
better than low-potency fi rst-generation antipsychotic 
drugs, and we noted a robust superiority based on more 
than two studies only for clozapine (fi gure 4; table 4). 

Weight gain
Amisulpride, clozapine, olanzapine, quetiapine, risperi-
done, sertindole, and zotepine were associated with 
signifi cantly more weight gain than was haloperidol, 
whereas aripiprazole and ziprasidone were not (fi gure 5; 
table 5). We did not note a signifi cant diff erence between 
second-generation antipsychotic drugs and low-potency 
fi rst-generation drugs (fi gure 5; table 5). 

Sedation
Clozapine (NNH 5 [3–14]), quetiapine (13 [8–20]), and 
zotepine (NNH not signifi cant)] were signifi cantly more 

sedating than was haloperidol, whereas aripiprazole 
(33 [20–1011]) was signifi cantly less sedating (fi gure 6; 
table 6). By contrast, compared with low-potency fi rst-
generation antipsychotic drugs, only clozapine (13 [7–220]) 
was signifi cantly more sedating (fi gure 6; table 6).

Eff ects of comparator dose
We did not note a clear pattern of comparator-drug dose 
aff ecting the effi  cacy of second-generation antipsychotic 
drugs, and the few signifi cant diff erences between 
studies with haloperidol at more or less than 12 mg per 
day or 7·5 mg per day (or chlorpromazine 600 mg 
equivalents for low-potency fi rst-generation drugs) were 
contradictory. Figure 7 and table 7 show results based on 
the haloperidol cutoff  of 12 mg per day. Haloperidol was 
given to participants at less than or equal to 7·5 mg per 
day in only 12 studies (webtable 5).

Higher haloperidol doses usually induced more extra-
pyramidal side-eff ects than did lower doses, but the eff ects 
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Figure 3: Quality of life
Data are Hedges’ g (95% CI). SGA=second-generation antipsychotic drug.

Number of 
studies

Number of 
participants

Hedges’ g (95% CI) p value

Amisulpride 1 194 −0·31 (−0·60 to −0·03) 0·030

Aripiprazole 1 206 0·06 (−0·22 to 0·33) 0·683

Clozapine 1 311 −0·24 (−0·46 to −0·01) 0·039

Olanzapine 5 1450 −0·07 (−0·23 to 0·09) 0·398

Quetiapine 2 166 0·12 (−0·18 to 0·43) 0·432

Risperidone 4 330 −0·02 (−0·23 to 0·20) 0·887

Sertindole 1 105 −0·44 (−0·83 to −0·05) 0·027

Ziprasidone 1 72 0·03 (−0·43 to 0·49) 0·905

Zotepine 1 122 −0·27 (−0·63 to 0·09) 0·138

Table 3: Quality of life
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were small and not always consistent (fi gure 7; table 7; 
webtable 5). Only higher doses of low-potency fi rst-
generation antipsychotic drugs than 600 mg per day 
produced more extrapyramidal side-eff ects than did 
clozapine, the only drug with enough studies for 
assessment.

Prophylactic antiparkinsonian medication
In 11 studies of clozapine, olanzapine, or risperidone, 
prophylactic antiparkinsonian medications were used by 
participants in the fi rst-generation antipsychotic drugs’ 
groups. Only one meta-regression analysis (clozapine 
for negative symptoms) was signifi cant (webtable 3). The 
effi  cacy eff ect sizes were in the same range as those in 
the overall analysis, but the statistical signifi cance was 
inconsistent and absent for risperidone. Clozapine and 
olanzapine induced signifi cantly fewer extrapyramidal 
side-eff ects than did fi rst-generation antipsychotic drugs 
despite prophylactic antiparkinsonian medication, but 
the eff ect size was relatively small. Risperidone showed 
no diff erence in these side-eff ects compared with fi rst-
generation antipsychotic drugs combined with prophy-
lactic antiparkinsonian medication (webtable 6).

Industry sponsorship
There were enough non-industry sponsored studies for 
only clozapine, olanzapine, quetiapine, and risperidone. 
The only signifi cant diff erence between sponsored and 
non-sponsored studies was noted for the eff ect of 

clozapine on positive symptoms (webtable 3). Never-
theless, when industry-sponsored studies were excluded 
in a sensitivity analysis, the effi  cacy of this drug was 
reduced (eg, an eff ect size of −0·22 for overall symptoms 
compared with −0·52 when all studies were included) 
but still signifi cant. Risperidone was not signifi cantly 
more effi  cacious than fi rst-generation antipsychotic 
drugs for the overall change in symptoms when industry-
sponsored studies were excluded. The results for olanza-
pine and quetiapine were unchanged by sponsor ship 
(webtable 2; webtable 7).

Other moderators did not aff ect the results in a uniform 
direction, and most sensitivity analyses were consistent 
with the main results (webtable 2; webtable 3). Funnel 
plots did not show a potential publication bias 
(webfi gure 11). Webtable 8 compares the results of 
effi  cacy and eff ectiveness studies.

Discussion
Four second-generation antipsychotic drugs—amisul-
pride, clozapine, olanzapine, and risperidone—were more 
effi  cacious than fi rst-generation drugs in the main domains 
(overall change in symptoms, and positive and negative 
symptoms). The other fi ve second-generation antipsychotic 
drugs were only as effi  cacious as fi rst-generation anti-
psychotic drugs, even in terms of negative symptoms. 
Second-generation antipsychotic drugs caused fewer 
extrapyramidal side-eff ects than did haloperidol, even 
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Figure 4: Extrapyramidal side-eff ects
Data are relative risk (RR; 95% CI). SGA=second-generation antipsychotic drug. FGA=fi rst-generation antipsychotic 
drug. *Use of antiparkinsonian medication.

Number of 
studies

Number of 
participants

Relative risk 
(95% CI)

p value

SGA versus haloperidol*

Amisulpride 8 783 0·58 (0·45–0·76) <0·0001

Aripiprazole 4 1794 0·45 (0·32–0·64) <0·0001

Clozapine 3 162 0·17 (0·03–0·88) 0·035

Olanzapine 12 3670 0·39 (0·30–0·51) <0·0001

Quetiapine 5 1167 0·43 (0·25–0·74) 0·002

Risperidone 21 2738 0·61 (0·52–0·72) <0·0001

Sertindole 4 1472 0·36 (0·29–0·45) <0·0001

Ziprasidone 3 501 0·50 (0·26–0·96) 0·037

Zotepine 4 398 0·59 (0·44–0·79) <0·0001

SGA versus low-potency FGA†

Amisulpride 1 30 1·00 (0·70–1·43) 1·000

Aripiprazole ·· ·· ·· ··

Clozapine 11 775 0·66 (0·48–0·91) 0·010

Olanzapine 2 152 0·53 (0·32–0·89) 0·016

Quetiapine 2 422 0·66 (0·19–2·23) 0·503

Risperidone 2 108 0·47 (0·22–0·99) 0·046

Sertindole ·· ·· ·· ··

Ziprasidone* 1 306 1·13 (0·91–1·41) 0·252

Zotepine 5 322 1·04 (0·76–1·42) 0·801

SGA=second-generation antipsychotic drug. FGA=fi rst-generation antipsychotic 
drug. *Use of antiparkinsonian medication. †At least one extrapyramidal 
side-eff ect.

Table 4: Extrapyramidal side-eff ects
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when the haloperidol dose was less than 7·5 mg per day; 
however, a diff erence between most second-generation 
antipsychotic drugs and low-potency fi rst-generation anti-
psychotics has not been shown. Most second-generation 
drugs (except aripiprazole and ziprasidone) induced more 
weight gain than did high-potency but not low-potency 
fi rst-generation antipsychotic drugs.

Many companies claimed that improved effi  cacy in 
negative symptoms is a core characteristic of atypicality.22 
Our meta-analysis does not confi rm this common notion 
because the eff ects of some second-generation 
antipsychotic drugs were not signifi cant compared with 
those of fi rst-generation drugs. The most effi  cacious 
drugs were better in all effi  cacy domains, whereas the 
others ones were only as effi  cacious as fi rst-generation 
antipsychotic drugs, although the eff ect sizes for negative 
symptoms were often larger than those for positive 
symptoms. The fi ndings for depression were diff erent; 
risperidone did not seem to be better than fi rst-generation 
drugs, whereas aripiprazole and quetiapine were, 
consistent with evidence of their eff ectiveness in major 
depression.23,24 Quality of life was reported in only  very 
few studies; if a superiority of second-generation drugs 
was noted, the eff ect size was in the same range as that 
for effi  cacy. In another meta-analysis, second-generation 
antipsychotic drugs were better for global cognitive 
functioning (eff ect size −0·24).25 Clozapine has been 
shown to reduce suicidality more than does olanzapine.26

With respect to the magnitude of the effi  cacy eff ect sizes, 
the superiority of the more effi  cacious second-generation 
antipsychotic drugs was only small to medium according 
to Cohen’s classifi cation.27 For perspective, the pooled 
eff ect size in another review comparing second-generation 
antipsychotic drugs with placebo was −0·51 and the NNT 
was 6.28 Diff erences, such as higher dropout rates in the 
placebo-controlled trials29 than in the active-comparator-
drug-controlled trials make it impossible for us to say that 
the effi  cacy of clozapine doubles the effi  cacy compared 
with placebo (ie, the eff ect size of antipsychotic drugs vs 
placebo is 0·5128 and the eff ect size of clozapine vs 
fi rst-generation antipsychotic drugs is 0·52). However, 
schizophrenia usually affl  icts patients for life and even a 
small benefi t could be important.

In this study, second-generation antipsychotic drugs 
induced fewer extrapyramidal side-eff ects than did 
haloperidol, and most of them even when haloperidol 
was used at doses less than 7·5 mg per day. In individual 
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Figure 5: Weight gain
Data are mean weight-gain diff erence (kg; 95% CI). FGA=fi rst generation antipsychotic drug. 
SGA=second-generation antipsychotic drug.

Number 
of studies

Number of 
participants

Mean weight-
gain diff erence 
(kg; 95% CI)

p value

SGA versus haloperidol

Amisulpride 2 373 0·9 (0·2 to 1·6) 0·012

Aripiprazole 2 1598 0·6 (–0·1 to 1·2) 0·071

Clozapine 3 170 3·4 (2·0 to 4·9) <0·0001

Olanzapine 9 2952 3·3 (2·2 to 4·4) <0·0001

Quetiapine 3 945 1·4 (0·7 to 2·1) <0·0001

Risperidone 9 1366 1·7 (0·9 to 2·4) <0·0001

Sertindole 2 779 3·3 (0·2 to 6·4) 0·040

Ziprasidone 1 301 0·1 (–1·2 to 1·3) 0·887

Zotepine 3 321 2·7 (1·7 to 3·7) <0·0001

SGA versus low-potency FGA

Amisulpride 1 30 0·3 (–3·6 to 4·2) 0·881

Aripiprazole ·· ·· ·· ··

Clozapine 3 232 0·3 (–1·6 to 2·2) 0·753

Olanzapine ·· ·· ·· ··

Quetiapine 1 201 0·5 (–1·0 to 2·0) 0·518

Risperidone ·· ·· ·· ··

Sertindole ·· ·· ·· ··

Ziprasidone 1 307 −1·1 (–2·3 to 0·2) 0·087

Zotepine 1 106 1·0 (–0·9 to 2·9) 0·306

FGA=fi rst-generation antipsychotic drug. SGA=second-generation antipsychotic 
drug.

Table 5: Weight gain
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studies, treatment with haloperidol 3–4 mg per day 
resulted in more extrapyramidal side-eff ects than with 
risperidone and sertindole.30,31 Only a few second-
generation antipsychotic drugs have been shown to be 
better than low-potency fi rst-generation antipsychotic 

drugs.17 A limitation of all comparisons with low-potency 
fi rst-generation drugs is the smaller evidence base than 
that for high-potency fi rst-generation drugs. 

Compared with haloperidol (but not low-potency 
fi rst-generation antipsychotic drugs), clozapine, olanzapine, 
sertindole, and zotepine induced the most weight gain, 
quetiapine and risperidone caused intermediate weight 
gain, amisulpride had little eff ect, and aripiprazole and 
ziprasidone had no signifi cant eff ect. Weight gain is time 
dependent but most studies were short-term. Nevertheless, 
the hierarchy is similar to that reported by Allison and 
colleagues.32

Clozapine, quetiapine, and zotepine were more 
sedating, and aripiprazole was less sedating than was 
haloperidol, whereas some second-generation drugs 
might be less sedating than are low-potency fi rst-
generation drugs. Concomitant use of benzodiazepines 
in the studies should not be ignored. Although sedation 
is sometimes transient, it is an important side-eff ect, and 
more data are needed.

The fact that absence of masking can bias the results is 
important because previous meta-analyses included both 
open-label and double-blind studies (all Cochrane 
reviews4 and others2,3,33). We did not note a consistent 
pattern of other moderators aff ecting the results. This 
inconsistency supports the notion that the second-
generation antipsychotic drugs are a heterogeneous 
group of drugs. However, the meta-regressions and 
sensitivity analyses were hampered by missing data in 
the predictor matrix (rarely were all outcomes in a study 
reported) and often by the small numbers of studies. 
Although the comparator-drug dose had some eff ects on 
extrapyramidal side-eff ects, a consistent eff ect on effi  cacy 
was not noted. The optimum haloperidol dose is still not 
known, which is a problem when it is used. In one study, 
about 3 mg per day was suffi  cient,34 whereas in another 
study the effi  cacy increased with doses up to 20 mg per 
day;35 and the American Psychiatric Association guideline 
recommends a broad range of 5–20 mg per day.16 Use of 
low-potency fi rst-generation antipsychotic drugs does not 
solve all problems, because these drugs induce weight 
gain and cause sedation.

Whether prophylactic antiparkinsonian medication can 
reverse the superiority in effi  cacy of second-generation 
drugs cannot be shown with certainty. The eff ects were 
inconsistent, and prophylactic antiparkinsonian medica-
tion was used in only 11 studies with three second-
generation antipsychotic drugs. Although the prophylactic 
anti parkinsonian drug reduced the diff erences in 
extrapyramidal eff ects, signifi cance was maintained for 
clozapine and olanzapine. Use of prophylactic anti-
parkinsonian drugs warrants further investigation;  guide-
lines about their use are ambivalent.16,36 The advantages of 
these drugs are the avoidance of extrapyramidal side-eff ects 
that can also mimic negative symptoms; disadvantages 
are that many patients will not have these side-eff ects, and 
antiparkinsonian drugs cause anti cholinergic side-eff ects. 
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Figure 6: Sedation
Data are relative risk (RR; 95% CI). FGA=fi rst-generation antipsychotic drug. SGA=second-generation antipsychotic 
drug. 

Number of 
studies

Number of patients 
with sedation

Relative risk 
(95% CI)

p value

SGA versus haloperidol

Amisulpride 4 490 0·69 (0·15–3·13) 0·634

Aripiprazole 2 1602 0·65 (0·45–0·95) 0·024

Clozapine 6 655 1·50 (1·01–2·23) 0·043

Olanzapine 6 2767 0·95 (0·82–1·10) 0·507

Quetiapine 4 970 2·07 (1·01–4·27) 0·047

Risperidone 15 2194 0·86 (0·70–1·05) 0·137

Sertindole 3 1127 0·77 (0·44–1·34) 0·360

Ziprasidone 1 301 1·59 (0·82–3·08) 0·169

Zotepine 3 221 1·86 (1·04–3·33) 0·037

SGA versus low-potency FGA

Amisulpride ·· ·· ·· ··

Aripiprazole ·· ·· ·· ··

Clozapine 9 928 1·32 (1·10–1·59) 0·003

Olanzapine 1 84 0·68 (0·41–1·12) 0·132

Quetiapine 3 659 0·49 (0·23–1·03) 0·061

Risperidone 2 108 2·59 (0·29–22·94) 0·393

Sertindole ·· ·· ·· ··

Ziprasidone 1 306 0·67 (0·44–1·01) 0·055

Zotepine 2 146 1·09 (0·69–1·73) 0·719

FGA=fi rst-generation antipsychotic drug. SGA=second-generation antipsychotic drug.

Table 6: Sedation
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We could not fi nd a consistent eff ect on effi  cacy of 
sponsoring by industry because the results of olanzapine 
and quetiapine were largely unchanged. The reasons for 
possible sponsorship eff ects in clozapine and risperidone 
studies need to be assessed in more detail. They could 
relate to diff erences in questions addressed, fl awed or 
diff erent designs, or selective publication of positive 
studies by industry.37 We have noted systematic bias in 
the reporting of results by industry with masked ratings 
of abstracts.38 

We discuss our results in the context of the eff ectiveness 
studies CATIE7 and Cost Utility of the Latest Antipsychotic 
Drugs in Schizophrenia Study (CUtLASS).12 In phase I of 
the CATIE study,7 olanzapine treatment resulted in the 
lowest discontinuation rate (all-cause and ineffi  cacy) but 
the largest weight gain. In phase II, clozapine was more 
eff ective than the other second-generation antipsychotic 
drugs.39 Treatment with the fi rst-generation antipsychotic 
drug perphena zine resulted in the highest discontinuation 
rate because of extrapyramidal side-eff ects, but was not 
diff erent in scale-derived extrapyramidal side-eff ects.39 The 
eff ects of second-generation drugs were not better than 
those of perphenazine on PANSS total score,8 cognition,40 
cost,8 quality of life,9 and psychosocial functioning.9 
Although some of the CATIE7 results are compatible with 
our fi ndings (a detailed comparison is provided in 
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Figure 7: Eff ects of haloperidol dose on eff ect sizes of overall symptoms and extrapyramidal side-eff ects
Data are Hedge’s g (95% CI) or relative risk (95% CI). SGA=second-generation antipsychotic drug. >12 mg per day=mean eff ect size of studies with haloperidol dose greater 
than 12 mg per day. ≤12 mg per day=mean eff ect size of studies with haloperidol dose less than or equal to 12 mg per day. *The reversed dose eff ect on extrapyramidal 
side-eff ects in the quetiapine studies can be explained by two outliers (for explanation see webtable 5). †All studies had haloperidol dose more than 12 mg per day.

Haloperidol >12 mg per day Haloperidol ≤12 mg per day p value*

Overall symptoms (Hedges’ g, 95% CI)

Amisulpride† ·· ·· ··

Aripiprazole 0·30 (–0·18 to 0·78) –0·08 (–0·18 to 0·02) 0·14

Clozapine –0·20 (–0·36 to –0·04) –0·67 (–1·06 to –0·27) 0·0053

Olanzapine –0·35 (–0·60 to –0·10) –0·21 (–0·29 to –0·14) 0·30

Quetiapine –0·15 (–0·38 to 0·07) 0·08 (–0·06 to 0·22) 0·08

Risperidone –0·31 (–0·45 to –0·17) –0·09 (–0·19 to 0·01) 0·0124

Sertindole 0·21 (–0·02 to 0·43) –0·04 (–0·17 to 0·09) 0·06

Ziprasidone 0·21 (–0·07 to 0·49) –0·06 (–0·32 to 0·20) 0·16

Zotepine –0·01 (–0·28 to 0·26) –0·07 (–0·67 to 0·52) 0·85

Extrapyramidal side-eff ects (use of antiparkinsonian medication; relative risk, 95% CI)

Amisulpride ·· ·· ··

Aripiprazole 0·32 (0·14 to 0·69) 0·48 (0·32 to 0·72) 0·35

Clozapine 0·05 (0 to 0·75) 0·07 (0·01 to 0·49) 0·81

Olanzapine 0·25 (0·14 to 0·44) 0·47 (0·34 to 0·65) 0·05

Quetiapine 0·75 (0·60 to 0·95) 0·33 (0·20 to 0·55) 0·0040

Risperidone 0·43 (0·29 to 0·63) 0·74 (0·67 to 0·81) 0·0080

Sertindole 0·34 (0·23 to 0·49) 0·37 (0·27 to 0·51) 0·72

Ziprasidone 0·36 (0·23 to 0·57) 0·79 (0·62 to 1·02) 0·0034

Zotepine 0·60 (0·42 to 0·85) 0·40 (0·09 to 1·75) 0·60

*For comparison of the eff ect sizes of studies with haloperidol dose less than and more than 12 mg per day.

Table 7: Eff ects of haloperidol dose on the eff ect sizes of overall symptoms and extrapyramidal side-eff ects
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webtable 8), those of the CUtLASS12 did not show any 
diff erences between second-generation and fi rst-
generation drugs.41

CATIE7 and CUtLASS12  addressed diff erent questions 
with diff erent designs. Most previous studies addressed 
pure effi  cacy and safety, whereas in the CATIE7 and 
CUtLASS12 studies the investigators focused on real-world 
eff ectiveness. In these studies, broader inclusion criteria 
were applied and use of more concomitant medication 
was allowed than in effi  cacy studies; in the CUtLASS12 
study, the doctors could choose from among the diff erent 
fi rst-generation and second-generation antipsychotic 
drugs, and even switch between drug groups. Both study 
types have strengths and weaknesses. A strength of 
CATIE7 and CUtLASS12 was the use of comparator drugs 
that are less potent than haloperidol. Sulpiride, initially 
used by 50% of the participants in the CUtLASS12 study’s 
fi rst-generation antipsychotic drug group, might induce 
fewer extrapyramidal side-eff ects than do other 
fi rst-generation drugs.42 A major limitation of our meta-
analysis is that haloperidol was the comparator drug in 
most of the studies, and the number of studies of 
mid-potency fi rst-generation drugs was insuffi  cient. 
Results of the CATIE7 and CUtLASS12 studies suggest 
that mid-potency fi rst-generation drugs would have been 
more appropriate, because they are less likely to cause 
extrapyramidal side-eff ects (early work has suggested 
that perphenazine causes fewer dystonias than does 
fl uphenazine),43 and they are not associated with sedation 
or weight gain.  In our database, we did not note a 
diff erence in the use of antiparkinsonian medica tion 
between patients given thiothixene and zote pine in the 
only available study,44 and in one of two perphenazine-
controlled studies (with high-dose risperi done 5–15 mg).45 
In the other perphenazine-con trolled study, only a 
10% diff erence in use of antiparkinsonian medication 
compared with aripipra zole was noted.46 But to conclude 
from CATIE and CUtLASS that all antipsychotics are the 
same and thus to let psychiatrists revert to old bad habits, 
such as the widespread use of high-dose haloperidol (and 
not sulpiride or perphenazine) as the primary fi rst-
generation anti psychotic drug in many industrialised 
countries47–49 would not help patients, and there are 
problems with low-potency fi rst-generation drugs as well. 
The second-generation drugs are expensive, and cost-
eff ectiveness has not been proven.8,41,50 Public insti tutions 
could save costs by funding studies to accurately defi ne 
selected old compounds, because they were not rigorously 
studied at the time they were introduced.51

Because the second-generation antipsychotic drugs 
diff er in many properties, including effi  cacy, side-eff ects, 
cost (some are now generic), and pharmacology (amisul-
pride is not a serotonin receptor blocker), they do not 
form a homogeneous class and neither do fi rst-
generation antipsychotic drugs. Improper generalisation  
creates confusion and as a result the classifi cation might 
be abandoned.

This meta-analysis provides data that clinicians could 
use for individualised treatment of patients with 
schizophrenia based on effi  cacy, side-eff ects, and cost of 
antipsychotic drugs.

Contributors
SL contributed to designing the study, quality assessment of 

single-drug studies, data extraction, statistical analysis, and writing of 

the report. CC contributed to statistical analysis and writing of the 

report. DA contributed to quality assessment of single-drug studies, 

data extraction, and writing of the report. RE and JD contributed to 

designing the study, statistical analysis, and writing of the report. CL 

contributed to quality assessment of single-drug studies and data 

extraction. 

Confl ict of interest statement
SL has received speaker and consultancy honoraria from Sanofi -Aventis, 

BMS, Lilly, Janssen, Lundbeck, and Pfi zer. The other authors declare that 

they have no confl ict of interest.

Acknowledgments 
A small proportion of JMD’s work was supported by a National Institute 

of Mental Health grant (1-P01MH68580-01-CFDA-#93.242); the authors 

did most of the work in their own time.We are greatly indebted to the 

Cochrane Schizophrenia Group; without access to their register of 

randomised controlled trials, this review would not have been possible. 

We thank Köksal Alptekin, Michael Berk, Robert Buchanan, 

Chen Jindong, Robert Conley, Nancy Covell, Lieuwe de Haan, 

Eduardo Ponde de Sena, Robin Emsley, Susan Essock, Bernd Gallhofer, 

Alan Gelenberg, Jes Gerlach, Donald Goff , Adolph Heck, 

Chen-Jee Hong, Matti Huttunen, Marek Jarema, Jeanette Jerrell, Deanna 

Kelly, Eckhard Klieser, Li Zhongyi, Nicolai Malykhin, Sung Kil Min, 

Ann Mortimer, Robert Rosenheck, Ronald See, Bilgen Taneli, 

Donna Wirshing, and Zhang Hong Yan for sending us further 

information on their studies; AstraZeneca, Astellas, Bristol-Myers 

Squibb, Eli Lilly, Lundbeck, and Sanofi -Aventis for providing 

unpublished data; and Michiaki Taniguchi, Makoto Wada, 

Toshiyuki Watanabe, and Rong Xie for translating Japanese and Chinese 

articles.

References
1 Rosenheck RA. Eff ectiveness versus effi  cacy of second-generation 

antipsychotics: haloperidol without anticholinergics as 
a comparator. Psychiatr Serv 2005; 56: 85–92.

2 Geddes J, Freemantle N, Harrison P, Bebbington P. Atypical 
antipsychotics in the treatment of schizophrenia: systematic 
overview and meta-regression analysis. BMJ 2000; 321: 1371–76.

3 Davis JM, Chen N, Glick ID. A meta-analysis of the effi  cacy of 
second-generation antipsychotics. Arch Gen Psychiatry 2003; 
60: 553–64.

4 Adams CE, Coutinho E, Davis JM, et al. Cochrane Schizophrenia 
Group. The Cochrane Library. Chichester: John Wiley and 
Sons, 2006.

5 Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews 
of Interventions 4.2.5. In: The Cochrane Library. Chichester: Wiley 
and Sons, 2005.

6 Arvanitis LA, Miller BG, Seroquel trial 13 study group. Multiple 
fi xed doses of “Seroquel” (quetiapine) in patients with acute 
exacerbation of schizophrenia: a comparison with haloperidol and 
placebo. Biol Psychiatry 1997; 42: 233–46.

7 Lieberman JA, Stroup TS, McEvoy JP, et al. Eff ectiveness of 
antipsychotic drugs in patients with chronic schizophrenia. 
N Engl J Med 2005; 353: 1209–23.

8 Rosenheck RA, Leslie DL, Sindelar J, et al. Cost-eff ectiveness of 
second-generation antipsychotics and perphenazine in a 
randomized trial of treatment of chronic schizophrenia. 
Am J Psychiatry 2006; 163: 2080–89.

9 Swartz MS, Perkins DO, Stroup TS, et al. Eff ects of antipsychotic 
medications on psychosocial functioning in patients with chronic 
schizophrenia: Findings from the NIMH CATIE Study. 
Am J Psychiatry 2007; 164: 428–36.

10 Rosenheck R, Cramer J, Xu WC, et al. A comparison of clozapine 
and haloperidol in hospitalized patients with refractory 
schizophrenia. N Engl J Med 1997; 337: 809–15.



Articles

www.thelancet.com   Vol 373   January 3, 2009 41

11 Rosenheck R, Perlick D, Bingham S, et al. Eff ectiveness and cost of 
olanzapine and haloperidol in the treatment of schizophrenia—
a randomized controlled trial. JAMA 2003; 290: 2693–702.

12 Jones PB, Barnes TRE, Davies L, et al. Randomized controlled trial 
of the eff ect on quality of life of second- vs fi rst-generation 
antipsychotic drugs in schizophrenia – cost utility of the latest 
antipsychotic drugs in schizophrenia study (CUtLASS 1). 
Arch Gen Psychiatry 2006; 63: 1079–86.

13 Leucht S, Davis JM, Engel RR, Kane JM, Wagenpfeil S. Defi ning 
‘response’ in antipsychotic drug trials: recommendations for the 
use of scale-derived cutoff s. Neuropsychopharmacology 2007; 
32: 1903–10.

14 Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ 2003; 327: 557–60.

15 Der-Simonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials 1986; 7: 177–88.

16 Lehman AF, Lieberman JA, Dixon LB, et al. Practice guideline for 
the treatment of patients with schizophrenia, 2nd edn. 
Am J Psychiatry 2004; 161: 1–56.

17 Leucht S, Wahlbeck K, Hamann J, Kissling W. New generation 
antipsychotics versus low-potency conventional antipsychotics: 
a systematic review and meta-analysis. Lancet 2003; 361: 1581–89.

18 Waraich P, Adams C, Hammill K, Marti J, Roque M. Haloperidol 
dose for the acutely ill phase of schizophrenia. 
Cochrane Database Syst Rev 2002; 2: CD001951.

19 Borenstein M, Hedges LV, Higgins JPT, Rothstein H. Comprehensive 
meta-analysis version 2, 2006. http://www.meta-analysis.
com (accessed Nov 24, 2008).

20 Mosholder AD. Review and evaluation of clinical data. Application 
information. NDA 20-639. Food and Drug Administration 1997.

21 Davis JM, Barter JT, Kane JM. Antipsychotic drugs. In: Kaplan HJ, 
Saddock BJ, eds. Comprehensive textbook of psychiatry. 5th edn. 
Baltimore: Williams and Wilkins, 1989: 1591–626.

22 Sernyak M, Rosenheck R. Experience of VA psychiatrists with 
pharmaceutical detailing of antipsychotic medications. 
Psychiatr Serv 2007; 58: 1292–96.

23 Berman RM, Marcus RN, Swanink R, et al. The effi  cacy and safety 
of aripiprazole as adjunctive therapy in major depressive disorder: 
A multicenter, randomized, double-blind, placebo-controlled study. 
J Clin Psychiatry 2007; 68: 843–53.

24 Calabrese JR, Keck PE, Macfadden W, et al. A randomized, 
double-blind, placebo-controlled trial of quetiapine in the treatment 
of bipolar I or II depression. Am J Psychiatry 2005; 162: 1351–60.

25 Woodward ND, Purdon SE, Meltzer HY, Zald DH. A meta-analysis 
of neuropsychological change to clozapine, olanzapine, quetiapine 
and risperidone in schizophrenia. Int J Neuropsychopharmacol 2005; 
8: 1–16.

26 Meltzer HY, Alphs L, Green AI, et al. Clozapine treatment for 
suicidality in schizophrenia: International Suicide Prevention Trial 
(InterSePT). Arch Gen Psychiatry 2003; 60: 82–91.

27 Cohen J. Statistical power analysis for the behavioral sciences. 
2nd edn. Hillsdale, New Jersey: Lawrence Erlbaum Associates, 1988.

28 Leucht S, Arbter D, Engel RR, Kissling W, Davis JM. How eff ective 
are second-generation antipsychotic drugs? A meta-analysis of 
placebo-controlled trials. Mol Psychiatry 2008; published online 
Jan 08. DOI:10.1038/sj.mp.4002136.

29 Kemmler G, Hummer M, Widschwendter C, Fleischhacker W. 
Dropout rates in placebo-controlled and active-control clinical 
trials of antipsychotic drugs: a meta-analysis. Arch Gen Psychiatry 
2005; 62: 1305–12.

30 Schooler N, Rabinowitz J, Davidson M, et al. Risperidone and 
haloperidol in fi rst-episode psychosis: a long-term randomized 
trial. Am J Psychiatry 2005; 162: 947–53.

31 Zimbroff  DL, Kane JM, Tamminga CA, et al. Controlled, dose 
response study of sertindole and haloperidol in the treatment of 
schizophrenia. Am J Psychiatry 1997; 154: 782–91.

32 Allison DB, Mentore JL, Heo M, et al. Antipsychotic-induced 
weight gain: a comprehensive research synthesis. Am J Psychiatry 
1999; 156: 1686–96.

33 Leucht S, Pitschel-Walz G, Engel R, Kissling W. Amisulpride—
an unusual atypical antipsychotic. A meta-analysis of randomized 
controlled trials. Am J Psychiatry 2002; 159: 180–90.

34 McEvoy JP, Hogarty GE, Steingard S. Optimal dose of neuroleptic 
in acute schizophrenia. Arch Gen Psychiatry 1991; 48: 740–45.

35 Van Putten T, Marder SR, Mintz J. A controlled dose comparison 
of haloperidol in newly admitted schizophrenic patients. 
Arch Gen Psychiatry 1990; 47: 754–58.

36 WHO. Prophylactic use of anticholinergics in patients on 
long-term neuroleptic treatment. A consensus statement. World 
Health Organization heads of centres collaborating in WHO 
co-ordinated studies on biological aspects of mental illness. 
Br J Psychiatry 1990; 156: 412–14.

37 Turner EH, Matthews AM, Linardatos E, Tell RA, Rosenthal R. 
Selective publication of antidepressant trials and its infl uence on 
apparent effi  cacy. N Engl J Med 2008; 358: 252–60.

38 Heres S, Davis J, Maino K, Jetzinger E, Kissling W, Leucht S. Why 
olanzapine beats risperidone, risperidone beats quetiapine, and 
quetiapine beats olanzapine: an exploratory analysis of 
head-to-head comparison studies of second-generation 
antipsychotics. Am J Psychiatry 2006; 163: 185–94.

39 McEvoy JP, Lieberman JA, Stroup TS, et al. Eff ectiveness of 
clozapine versus olanzapine, quetiapine, and risperidone in 
patients with chronic schizophrenia who did not respond to prior 
atypical antipsychotic treatment. Am J Psychiatry 2006; 
163: 600–10.

40 Keefe RSE, Bilder RM, Davis SM, et al. Neurocognitive eff ects of 
antipsychotic medications in patients with chronic schizophrenia 
in the CATIE trial. Arch Gen Psychiatry 2007; 64: 633–47.

41 Davies LM, Lewis S, Jones PB, et al. Cost-eff ectiveness of fi rst- v. 
second-generation antipsychotic drugs: results from a randomised 
controlled trial in schizophrenia responding poorly to previous 
therapy. Br J Psychiatry 2007; 191: 14–22.

42 Soares BGO, Fenton M, Chue P. Sulpiride for schizophrenia. 
Cochrane Database Syst Rev 1999; 1: CD001162.

43 Klein DF, Davis JM. Diagnosis and drug treatment of psychiatric 
disorders. Baltimore: Williams and Wilkins, 1969.

44 Sarai K, Okada M. Comparison of effi  cacy of zotepine and 
thiothixene in schizophrenia in a double-blind study. 
Pharmacopsychiatry 1987; 20: 38–46.

45 Hoyberg OJ, Fensbo C, Remvig J, Lingjaerde O, Sloth-Nielsen M, 
Salvesen I. Risperidone versus perphenazine in the treatment of 
chronic schizophrenic patients with acute exacerbations. 
Acta Psychiatr Scand 1993; 88: 395–402.

46 Kane JM, Meltzer HY, Carson WH, McQuade RD, Marcus RN, 
Sanchez R. Aripiprazole for treatment-resistant schizophrenia: 
results of a multicenter, randomized, double-blind, comparison 
study versus perphenazine. J Clin Psychiatry 2007; 68: 213–23.

47 Lohse MJ, Lorenzen A, Müller-Oerlinghausen B. Psychopharmaka. 
In: Schwabe U, Pfaff rath D, eds. Arzneimittelverordnungsreport. 
Heidelberg: Springer, 2005: 820–64.

48 Paton C, Lelliott P, Harrington M, Okocha C, Sensky T, Duff ett R. 
Patterns of antipsychotic and anticholinergic prescribing for 
hospital inpatients. J Psychopharmacol 2003; 17: 223–29.

49 Kaye JA, Bradbury BD, Jick H. Changes in antipsychotic drug 
prescribing by general practitioners in the United Kingdom from 
1991 to 2000: a population-based observational study. 
Br J Clin Pharmacol 2003; 56: 569–75.

50 Polsky D, Doshi JA, Bauer MS, Glick HA. Clinical trial-based 
cost-eff ectiveness analyses of antipsychotic use. Am J Psychiatry 
2006; 163: 2047–56.

51 Hartung B, Wada M, Laux G, Leucht S. Perphenazine for 
schizophrenia. Cochrane Database Syst Rev 2005; 1: CD003443.


	Second-generation versus first-generation antipsychotic drugs for schizophrenia: a meta-analysis
	Introduction
	Methods
	Search
	Data extraction and outcome variables
	Meta-analytical calculations
	Role of the funding source

	Results
	Search
	Outcomes
	Effects of blinding
	Overall efficacy
	Specific psychopathology
	Relapse
	Quality of life
	Side-effects
	Extrapyramidal side-effects
	Weight gain
	Sedation
	Effects of comparator dose
	Prophylactic antiparkinsonian medication
	Industry sponsorship

	Discussion
	Acknowledgments
	References


