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Introduction

Research in context

Evidence before this study

Antipsychotics are the mainstay pharmacological treatment

for schizophrenia spectrum disorders. Determining the

optimal dosing for achieving efficacy is important, yet

evidence-based information beyond the approved and expert

consensus-recommended dose ranges remains sparse. We

searched PubMed for meta-analyses on dose-response

relationships for antipsychotic efficacy using the search terms

“schizophrenia”, “antipsychotic”, “dose-response” and

restricting to meta-analysis article type, up to 20th August

2025. From 88 references, we identified 14 meta-analyses:

eight were on a single antipsychotic, three focused on

adverse events, and three dose-response meta-analyses

analyzed multiple antipsychotics. Previous dose-response

meta-analyses on adults with schizophrenia conducted by

our group found that both acute and long-term efficacy

tended to plateau at risperidone-equivalent doses of 3–5 mg/

day. However, the number of studies included for several

widely used antipsychotics was small, e.g., one study for

haloperidol, two for olanzapine, and three for risperidone in

analyses of acute efficacy, both in our work and in another

meta-analysis focusing on positive and negative symptoms.

This limited evidence leaves uncertainty about the precise

dose at which efficacy plateaus, or whether efficacy might

continue to increase at higher doses for certain

antipsychotics, such as olanzapine.

Added value of this study

We expanded on previous meta-analyses by applying a one-

stage dose-response meta-analysis, which allows the

inclusion of studies comparing a single dose with placebo

unlike the previously used two-stage method, and analyzed

the most comprehensive, up-to-date dataset of 131 blinded

and open-label randomised controlled trials involving 40,715

participants with acute schizophrenia treated with fixed

doses of antipsychotics or placebo. This approach increased

the number of studies available for analysis of individual

antipsychotics (e.g., 22 for haloperidol, 22 for olanzapine,

and 28 for risperidone), allowing for more precise and robust

estimates of dose-response relationships. All individual

antipsychotics demonstrated, on average, a plateau in

efficacy beyond a certain dose, which generally corresponded

to the defined daily doses and the lower-to-middle range of

expert consensus-recommended dosage ranges. When

combining all antipsychotics, we replicated a plateau in

efficacy at approximately 3–5 mg/day of risperidone

equivalents, and this pattern was broadly similar between

children/adolescent and adult populations.

Implications of all the available evidence

On average, antipsychotics achieve most of their efficacy

within the lower-to-middle range of their recommended

dosages, with little to no additional benefit at higher doses.

These findings can inform treatment decisions by

considering potential dose-related side effects, and individual

differences. Further investigation of the effects of participant

characteristics, such as age and sex, using individual-

participant-data is warranted.
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Methods

Eligibility criteria and search strategies
Study design

Participants

Interventions

Outcome

Search strategies

Data extraction and risk of bias assessment

Data analysis
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Role of funding source

Results

Screening flow diagram. Please see Appendix-4 for a more detailed description of the study selection. *Broad selection criteria of our

group’s database: We excluded studies that are not RCTs (randomized controlled trial) studies with a duration less than 3 weeks, population

less than 80% schizophrenia, studies conducted and published in China only, no useable comparison (studies investigating combinations of

antipsychotics, studies which compared an included antipsychotic drug to another intervention which is not among the list of included

antipsychotics or placebo, studies which compare antipsychotics grouped to drug classes such as “any FGA” (first generation antipsychotics)).

**McEvoy 1991 was added. ***12 studies found in the update search were already included in the previous dose-response meta-analyses of

our group. In the update searches additional references to these studies were found.
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Dose-response meta-analyses
Amisulpride

Dose-response curves for each antipsychotic in adults with acute schizophrenia. The figure shows the dose-response relationship

between antipsychotic doses and efficacy compared to placebo (0 mg/day) for overall symptoms in adults with acute schizophrenia. The solid

line represents the mean dose-response relationship, and the shaded area shows the 95% confidence intervals. The colour key indicates

confidence in the evidence (red for very low, yellow for low, blue for moderate, and green for high confidence in the evidence). The rug plot

displays the dose levels available in the dose-response meta-analysis. The ribbons above the x-axis represent the target (grey) and maximum

(white) dose ranges recommended by the consensus of MacAdam et al., 2023,3,26 while the black dots indicate the Defined Daily Dose (DDD).

For blonanserin no consensus-based target dose range or DDD was available, so we used the licensed dose range as the target dose range, and

the mean dose delivered (∼16 mg/day) in flexible-dose arms of clinical trials for presentation. E50% and E95% represent the dose at which an

antipsychotic achieves 50% and 95% of the maximum effect size (vs placebo), as observed in the dose-response meta-analysis. mg/

day = milligrams per day (for long-acting injectables and transdermal formulations, equivalent oral dose was calculated first).
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Aripiprazole

Asenapine

Blonanserin

Brexpiprazole

Dose-response curves for each antipsychotic in children/adolescents with acute schizophrenia. The figure shows the dose-

response relationship between antipsychotic doses and efficacy compared to placebo (0 mg/day) for overall symptoms in children/adoles-

cents with acute schizophrenia. The solid line represents the mean dose-response relationship, and the shaded area shows the 95%

confidence intervals. The colour key indicates confidence in the evidence (red for very low, yellow for low, blue for moderate, and green for

high confidence in the evidence). The rug plot displays the dose levels available in the dose-response meta-analysis. E50% and E95% represent

the dose at which an antipsychotic achieves 50% and 95% of the maximum effect size (vs placebo), as observed in the dose-response meta-

analysis. mg/day = milligrams per day (for long-acting injectables and transdermal formulations, equivalent oral dose was calculated first).
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Cariprazine

Clozapine

Haloperidol

Iloperidone

Lumateperone

Lurasidone

Olanzapine

Olanzapine/samidorphan

Paliperidone

Quetiapine
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Risperidone

Sertindole

Xanomeline/trospium

Ziprasidone

Zotepine

Pooling all the anti-dopaminergic antipsychotics

Discussion
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120 studies, 405 arms, 38458 participants 10 studies, 29 arms, 2027 participants
Adults Children/adolescents
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Dose-response curve across antipsychotic drugs in adults with acute schizophrenia, with doses converted to risperidone

equivalents. The figure shows the dose-response relationship between antipsychotic doses, pooled across different antipsychotics using

risperidone dose equivalents, and efficacy compared to placebo (0 mg/day) for overall symptoms in adults and children/adolescents with

acute schizophrenia. Findings up to 16 mg/d risperidone dose equivalents are presented. Antipsychotic doses were converted to risperidone

dose equivalents (mg/day) using the 95% effective maximum doses (ED95) from the dose-response meta-analysis of individual drugs. Due to

sparser data in children/adolescents, risperidone dose equivalents were calculated using the ED95 values derived from adult data. The solid

line represents the mean dose-response relationship, and the shaded area shows the 95% confidence intervals. The rug plot displays the dose

levels available in the dose-response meta-analysis. E50% and E95% indicate the doses at which an antipsychotic achieves 50% and 95% of

the maximum effect size (vs placebo), respectively, as observed in the dose–response meta-analysis. mg/day = milligrams per day (for long-

acting injectables, the equivalent oral dose was calculated first).

Antipsychotic Licensed dose

rangea (mg/day)

Current study DDD (mg/day) Consensus target and

maximum doseb (mg/day)
ED50 (mg/day) ED95 (mg/day)

Amisulpride 400–1200 264.7 536.7 400 400–800/1000

Aripiprazole 10–30 4.3 10.2 15 10–30/30

Asenapine 10–20 4.5 10.6 20 10–20/20

Blonanserinc 8–24 4.2 14.5 NA NA

Brexpiprazole 2–4 0.7 3.5 3 2–4/4

Cariprazine 1.5–6 2.0 6.2 3 3–6/6

Clozapine 300–900 279.8 567.2 300 200–500/800

Haloperidol 1–100 (USA); 2–20 (EU, UK) 4.2 12.4 8 4.5–10/17.5

Iloperidone 12–24 13.1 22.9 18 12–24/24

Lumateperone 60 14.9 34.8 60 60–60/60

Lurasidone 40–160 32.0 207.5 60 40–120/160

Olanzapine 5–20 4.7 15.7 10 10–20/30

Olanzapine + samidorphan 5–20 (+10) NA NA NA NA

Paliperidone 3–12 3.0 12.7 6 6–12/12

Quetiapine 150–800 260.8 1021.5 400 300–750/800

Risperidone 4–16 1.7 4.0 5 3–6/8

Sertindole 12–20 8.2 19.4 16 12–20/24

Xanomeline + trospium chloride 200–250 NA NA NA NA

Ziprasidone 20–160 104.9 298.1 80 80–160/160

Zotepine 75–450 NA NA 200 100–300/400

The findings in adult populations are presented in this table. DDD = Defined Daily Dose according to the World Health Organization; ED50 = effective dose 50%;

ED95 = effective dose 95%; NA = not available. aLicensed dose range according to Food and Drug Administration (FDA, USA), and if not available to European Medicines

Agency (EMA, EU), Medicines and Healthcare products Regulatory Agency (UK), or Pharmaceuticals and Medical Devices Agency (Japan). Due to a discrepancy in the

maximum approved dose of haloperidol between the US and EU/UK, both dose ranges are presented. bConsensus target dose according to the Second International

Consensus Study of Antipsychotic Dosing.3,26 cNo consensus-based target dose range or DDD was available for blonanserin. We used the licensed dose range for the

target dose range and the mean dose delivered (16 mg/d) in flexible-dose arms in clinical trials for presentation in Fig. 2.

Dose ranges (licensed dose range, evidence-based dose, DDD and consensus target dose).
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