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ABSTRACT
Question Are antipsychotic dose equivalents between 
acute mania and schizophrenia the same?
Study selection and analysis Six databases were 
systematically searched (from inception to 17 September 
2022) to identify blinded randomised controlled trials 
(RCTs) that used a flexible- dose oral antipsychotic drug 
for patients with acute mania. The mean and SD of 
the effective dose and the pre–post changes in manic 
symptoms were extracted. A network meta- analysis 
(NMA) under a frequentist framework was performed 
to examine the comparative efficacy between the 
antipsychotics. A classic mean dose method (sample 
size weighted) was used to calculate each antipsychotic 
dose equivalent to 1 mg/day olanzapine for acute mania. 
The antipsychotic dose equivalents of acute mania were 
compared with published data for schizophrenia.
Findings We included 42 RCTs which enrolled 11 396 
participants with acute mania. The NMA showed 
that risperidone was superior to olanzapine (reported 
standardised mean difference: −022, 95% CI −0.41 to 
–0.02), while brexpiprazole was inferior to olanzapine 
(standardised mean difference: 0.36, 95% CI 0.08 to 
0.64). The dose equivalents to olanzapine (with SD) were 
0.68 (0.23) for haloperidol, 0.32 (0.07) for risperidone, 
0.60 (0.11) for paliperidone, 8.00 (1.41) for ziprasidone, 
41.46 (5.98) for quetiapine, 1.65 (0.32) for aripiprazole, 
1.23 (0.20) for asenapine, 0.53 (0.14) for cariprazine 
and 0.22 (0.03) for brexpiprazole. Compared with the 
olanzapine dose equivalents for schizophrenia, those 
of acute mania were higher for quetiapine (p<0.001, 
28.5%) and aripiprazole (p<0.001, 17.0%), but lower 
for haloperidol (p<0.001, –8.1%) and risperidone 
(p<0.001, –15.8%).
Conclusions Antipsychotic drugs have been considered 
first- line treatment for acute mania, warranting specific 
dose equivalence for scientific and clinical purposes.

BACKGROUND
Substantial evidence has confirmed the efficacy of 
antipsychotic drugs for treatment of acute bipolar 
mania. A recent meta- analysis reported that several 
antipsychotic drugs were associated with greater 
efficacy in acute bipolar mania, including halo-
peridol, aripiprazole, asenapine, cariprazine, olan-
zapine, paliperidone, quetiapine, risperidone and 
ziprasidone, than placebo.1 The meta- analytic 
evidence also suggests that some antipsychotics 
showed greater efficacy than mood stabilisers, such 
as haloperidol versus lithium (reported standardised 

mean difference (SMD): −0.26, 95% CI −0.44 to 
–0.07) and risperidone versus valproate (SMD: 
−0.38, 95% CI −0.60 to –0.16).1 Several guide-
lines have recommended atypical antipsychotics as 
the first- line therapeutic option for acute mania. 
The Canadian Network for Mood and Anxiety 
Treatments guideline recommends that quetiapine, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ When switching antipsychotic drugs or 
comparing/combining different antipsychotic 
drugs in clinical trials or meta- analyses, 
knowledge of dose equivalence between 
antipsychotic drugs is needed.

 ⇒ The dose equivalence of antipsychotic drugs 
was derived from studies with schizophrenia 
and has been widely used for both clinical and 
research purposes not only in schizophrenia but 
also in other disorders.

 ⇒ To date, antipsychotic drugs have been used as 
first- line treatment for bipolar mania; however, 
no specific antipsychotic dose equivalents exist 
for this disorder.

WHAT THIS STUDY ADDS
 ⇒ This is the first study to assess the antipsychotic 
dose equivalence for treatment of acute bipolar 
mania.

 ⇒ The estimated dose equivalents to olanzapine 
1 mg/day were statistically different for acute 
bipolar mania and schizophrenia.

 ⇒ Compared with the olanzapine dose equivalents 
for schizophrenia, those of acute mania were 
higher for quetiapine (p<0.001, 28.5%) and 
aripiprazole (p<0.001, 17.0%), but lower for 
haloperidol (p<0.001, –8.1%) and risperidone 
(p<0.001, –15.8%).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The antipsychotic dose equivalents were 
statistically different between schizophrenia 
and acute bipolar mania, suggesting specific 
antipsychotic dose equivalence is needed for 
patients with acute bipolar mania.

 ⇒ Our study findings may assist in the decision- 
making when switching antipsychotic drugs 
or comparing different antipsychotic drugs 
for acute bipolar mania treatment in clinical 
practice or future studies.
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asenapine, aripiprazole, paliperidone, risperidone and caripra-
zine can be used as first- line treatment for patients with acute 
mania.2 The National Institute for Health and Care Excellence 
guideline and the Royal Australian and New Zealand College of 
Psychiatrists clinical practice guideline recommend antipsychotic 
monotherapy as the first- line treatment for acute mania, and its 
combination with lithium or valproate as the next step if insuffi-
cient efficacy ensues.3 4

The dose equivalence of antipsychotics is important for both 
clinical and research purposes. When switching antipsychotic 
drugs or comparing/combining different antipsychotic drugs in 
clinical trials or meta- analyses, knowledge of dose equivalence 
for comparable efficacy is needed.5 6 Davis7 used data from 
double- blind, flexible- dose, randomised controlled trials (RCTs) 
on schizophrenia and estimated the antipsychotic dose equiva-
lents to chlorpromazine 100 mg/day. This method assumed that 
physicians would adjust the dosages of the experimental drug 
to obtain the maximum clinical response in these flexible- dose 
RCTs. Therefore, the reported mean doses could be applied to 
estimate the clinical equivalent doses between antipsychotics. 
The equivalence dose reference reported by Davis has been 
widely applied for decades.8 Leucht et al6 employed the same 
method and extended the dose equivalence to atypical anti-
psychotics and shifted the comparator to olanzapine 1 mg/day. 
Importantly, the antipsychotic drugs have been considered as 
first- line treatment for bipolar mania2–4; however, there are so 
far no specific antipsychotic dose equivalents for treatment of 
bipolar mania. It is unknown that simply borrowing the dose 
equivalence from RCTs conducted among participants with 
schizophrenia could be directly translated to patients with acute 
bipolar mania.9–11 According to the results of network meta- 
analysis (NMA) studies, the efficacy of antipsychotics may differ 
between schizophrenia and acute mania.1 12 For example, risper-
idone was associated with better efficacy than quetiapine in the 
treatment of schizophrenia (SMD: −0.13, 95% CI −0.23 to 
−0.04)12; however, risperidone was not associated with better 
efficacy compared with quetiapine in alleviating acute mania 
(SMD: 0.22, 95% CI −0.01 to 0.46).12 Therefore, we hypoth-
esised that the equivalent dose of antipsychotics may differ 
between schizophrenia and bipolar mania.

Objective
We systematically reviewed the RCTs on oral antipsychotic drugs 
for treatment of acute mania. We first conducted an NMA to 
compare the efficacy of the included antipsychotics for acute 
mania and then calculated dose equivalence using the classic 
mean dose method by Leucht et al.6 Finally, we compared the 
antipsychotic dose equivalents between acute bipolar mania and 
schizophrenia.

METHODS
Search strategy and inclusion criteria
We followed the classic mean dose method by Leucht et al6 
to calculate the antipsychotic dose equivalence. The NMA 
was conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses reporting guideline for 
NMA (online supplemental eappendix 1).13 The study protocol 
was registered on the Open Science Framework (doi: 10.17605/
OSF.IO/CYPV6). Two authors reviewed the literature search, 
data transfer accuracy and statistical analyses, and discrepancies 
were resolved by discussing with a third author.

The MEDLINE, Cochrane Central Register of Controlled 
Trials, EMBASE, PsycINFO,  ClinicalTrials. gov and WHO ICTRP 

databases were systematically searched without language restric-
tions from database inception to 17 September 2022 (online 
supplemental eappendix 2). We included blinded, flexible- dose 
RCTs (placebo- controlled, head- to- head or multiple arms) that 
had used an oral antipsychotic drug for treatment of patients 
with bipolar I disorder who experienced an acute manic or mixed 
episode. We also included RCTs that used fixed- dose design 
initially but allowed investigators to titrate the dose according 
to patients’ clinical conditions. The following were the PICO 
(population, intervention, comparison, outcome) settings of the 
current study: (1) P: adult patients with bipolar I disorder experi-
encing an acute manic episode; (2) I: monotherapy with an anti-
psychotic drug; (3) C: a placebo or another antimanic drugs; and 
(4) O: changes in manic symptoms. We excluded (1) RCTs that 
used the dose lower than the recommended target range14; (2) 
studies that enrolled participants with schizoaffective disorder 
or bipolar II disorder; (3) relapse prevention studies; (4) open- 
label studies; (5) studies in special populations such as children, 
adolescents, elderly or patients with treatment resistance; and (6) 
RCTs with augmentation or combined treatment but without any 
antipsychotic monotherapy (eg, quetiapine+lithium vs lithium). 
Therefore, we also included RCTs of antipsychotic monotherapy 
compared with augmentation or combined antimanic treatment 
(eg, quetiapine vs quetiapine+lithium) because such RCTs also 
provided useful information in the arm of antipsychotic mono-
therapy. Screening and selection of studies were performed 
independently by four of the authors, with each study assessed 
by a minimum of two authors. Disagreements were resolved by 
consulting with the corresponding author.

Outcome measures and target population
We extracted the bibliographic and background information. 
We collected data on the changes in manic symptoms at week 
3, measured with the Young Mania Rating Scale (YMRS), the 
Mania Rating Scale from the Schedule for Affective Disorders 
and Schizophrenia (MRS), or the Manic State Rating Scale. 
For studies without data on week 3, we used data at the points 
closest to 3 weeks (2 weeks to 6 weeks). If there were two 
measures meeting the criteria, we will extract the measure with 
the lower p value. Intention- to- treat data sets were used when 
available. We collected the mean daily dose and their SD after 
3 weeks of antimanic treatment. If data were only presented in 
graphs or plots, these data were obtained using WebPlotDigi-
tizer.15 If possible, we estimated the means and SDs from other 
statistics (eg, sample size, median, range or IQR).16 For missing 
values, we imputed the data using summary statistics level based 
on observed SD values from other trials in the meta- analysis.17 18 
At least two authors double- checked the data transfer accuracy 
and calculations.

The primary outcome was weighted mean dose equivalence, 
and the secondary outcomes were direct ratios and direct and 
indirect ratio dose equivalences. The Cochrane Risk of Bias 
Assessment Tool was used to rate the quality of the included 
studies by two independent authors.19 The included studies 
were classified as having high, low or unclear risk of bias (ROB) 
according to the following domains: selection biases (rando-
misation and allocation concealment), detection bias, perfor-
mance bias, attrition bias, reporting bias and other bias. In 
case of discrepancies, another author was consulted to obtain a 
consensus.

Data analysis
We performed NMA under a frequentist framework using a multi-
variate random- effects NMA model with the statistical package 
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netmeta in R statistical software V.4.0.2 (R Project for Statis-
tical Computing). We estimated the antimanic outcomes using 
SMD with 95% CI. The restricted maximum likelihood estima-
tion method was used to estimate the heterogeneity, assuming 
a common estimate for heterogeneity variance among different 
comparisons. The transitivity assumption was supported by 
evaluating the distribution of potential effect modifiers (publi-
cation year, sample size, baseline severity, mean age and female 
percentage). Heterogeneity among the included studies was eval-
uated by τ statistic. Inconsistency between direct and indirect 
comparisons was examined using the design- by- treatment and 
the node- splitting methods. Publication bias was investigated 
using Egger’s tests and comparison- adjusted funnel plots. The 
certainty of evidence for the results of NMA was evaluated using 
the CINeMA (Confidence in Network Meta- Analysis).

The classic mean dose method included three analyses: (1) 
weighted mean, (2) direct ratios, and (3) direct and indirect 
ratios.6 The dose equivalent to olanzapine was calculated from 
the sample size weighted mean dose of each antipsychotic drug 
divided by the weighted mean dose of olanzapine. The direct 
ratio analysis was calculated from the mean dose ratio of each 
antipsychotic drug to olanzapine in RCTs with head- to- head 
comparisons (vs olanzapine). The calculated direct ratios were 
then weighted by sample size, producing average weighted direct 
ratios. The direct and indirect ratio analyses used all ratios in 
head- to- head comparisons (any comparisons) and then obtained 
indirect ratio of any antipsychotic to olanzapine. For example, 
we had a ratio of olanzapine to haloperidol and a direct ratio 
of aripiprazole to haloperidol; we obtained an indirect ratio of 
aripiprazole to olanzapine by dividing aripiprazole/haloperidol 
by olanzapine/haloperidol. We compared the dose equivalents 
of acute mania with those of schizophrenia obtained from the 
study by Leucht et al6 using the independent samples t- test. If 

the efficacy of an antipsychotic drug significantly differed from 
that of olanzapine, we provided efficacy- adjusted dose equiv-
alents to olanzapine to those antipsychotic drugs by using the 
formula shown in online supplemental eappendix 3. A two- sided 
p<0.05 was considered statistically significant. We used GRADE 
(Grading of Recommendations, Assessment, Development and 
Evaluation)20 assessment to evaluate the certainty of evidence 
of antipsychotic dose equivalents to olanzapine. The GRADE 
assessment was rated by two independent authors. The certainty 
of evidence was then reported as very low, low, moderate and 
high.

Findings
The selection process and the number of included RCTs are 
shown in online supplemental efigure 1. The current study 
included 41 studies (42 RCTs) with 11 396 participants expe-
riencing an acute manic episode (online supplemental etable 1). 
The sample size of the 42 RCTs ranged from 12 to 521, with a 
mean of 117.61 (59.35). The mean age was 39.32 (13.10) years, 
48.77% of whom were female. Among the 42 RCTs, 35 (83.3%) 
provided data at week 3 (week 3: 35; week 4: 5; week 6: 3). The 
antimanic drugs investigated included haloperidol (k=9), risper-
idone (k=6), paliperidone (k=1), ziprasidone (k=3), quetiapine 
(k=7), olanzapine (k=14), asenapine (k=2), cariprazine (k=3), 
aripiprazole (k=8) and brexpiprazole (k=2) (online supple-
mental etable 1). Among the 42 RCTs, only one study had a high 
ROB (online supplemental efigures 2 and 3).

The network plot is highly connected (online supplemental 
efigure 4). The size of the nodes corresponds to the number 
of participants assigned to each treatment, and the width of 
the lines corresponds to the number of trials evaluating the 
comparisons. Figure 1 shows the comparative efficacy of the 

Figure 1 Comparative efficacy (standardised mean difference) in antimanic outcome of the included antipsychotic drugs. Antipsychotics are shown 
in grey and reported in order of surface under the curve cumulative ranking (given in parentheses). The results of the pairwise meta- analyses are 
presented in the upper right half and the results of the network meta- analyses in the left lower half. Comparisons between treatments should be read 
from left to right and the estimate is in the cell in common between the column- defining treatment and the row- defining treatment. In the left lower 
half, standard mean differences lower than 0 favour the column- defining treatment, and in the upper right half those lower than 0 favour the row- 
defining treatment. Cells in blue and bold print indicate significant results. Bold type indicates statistical significance.
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included antipsychotic drugs. The NMA results indicate that 
risperidone is superior to olanzapine (reported SMD: −0.22, 
95% CI −0.41 to –0.02), while brexpiprazole was inferior to 
olanzapine (SMD: 0.36, 95% CI 0.08 to 0.64). The compari-
sons of olanzapine with other antipsychotic drugs did not reach 
statistical significance. The heterogeneity was low to moderate 
(tau- squared=0.02; online supplemental etable2). The global 
inconsistency (assessed by design- by- treatment) was statistically 
significant (Q- value=49.92, p=0.002; online supplemental 
etable3). However, the local inconsistency showed that there 
was statistical agreement between direct and indirect estimates 
(online supplemental etable 4 and efigure 5), except for ziprasi-
done relative to haloperidol or placebo. The funnel plot and 
the Egger’s test (p=0.26) did not show publication bias (online 
supplemental efigure 6). According to the results of CINeMA 
(online supplemental etable 5), 8 of 78 (10.3%) comparisons 
for the antimanic efficacy were rated as moderate confidence 
of evidence, 1 of 78 (1.3%) as low and 69 of 78 as very low 
(88.5%).

Table 1 presents the antipsychotic dose equivalents to olan-
zapine (1 mg/day) for acute mania using weighted mean analyses. 
For patients with acute mania, the dose equivalents to olanzapine 
(1 mg/day) were 0.68 for haloperidol, 0.32 for risperidone, 0.61 
for paliperidone, 8.00 for ziprasidone, 41.46 for quetiapine, 
1.65 for aripiprazole, 1.23 for asenapine, 0.53 for cariprazine 
and 0.22 for brexpiprazole. The comparisons between acute 
mania and schizophrenia were significant for haloperidol, 
risperidone, quetiapine and aripiprazole (all p<0.001). The 
percentage change in olanzapine equivalent dose from schizo-
phrenia to acute mania ranged from −15.8% to 38.2%. The 
olanzapine equivalent dose for bipolar mania decreased 15.8% 
in risperidone and 8.1% in haloperidol, and increased 1.0% in 
ziprasidone, 17.0% in aripiprazole, 28.5% in quetiapine and 
38.20% in asenapine. The efficacy- adjusted dose equivalents to 
olanzapine (1 mg/day) were 0.19 for risperidone and 0.50 for 
brexpiprazole. Using weighted mean analyses, all of the certainty 

of evidence for antipsychotic dose equivalence were moderate, 
except for haloperidol (low) and brexpiprazole (low).

Table 2 presents the antipsychotic dose equivalents to olan-
zapine 1 mg/day using the direct and indirect ratio analyses. For 
patients with acute mania, the dose equivalents to olanzapine 
(1 mg/day) were 0.47 for haloperidol, 0.25 for risperidone, 3.41 
for ziprasidone, 1.10 for aripiprazole and 1.15 for asenapine. 
The comparisons between acute mania and schizophrenia 
were significant for haloperidol, risperidone, ziprasidone and 
aripiprazole (all p<0.001). The percentage change ranged 
from −48.9% to 16.2% for acute mania relative to those for 
schizophrenia. The olanzapine equivalent dose for acute mania 
decreased 48.88% in ziprasidone, 38.2% in haloperidol, 12.7% 
in aripiprazole and 7.4% in risperidone, and increased 16.2% 
in asenapine. Using direct and indirect ratio analyses, all of the 
certainty of evidence for antipsychotic dose equivalence were 
low, except for haloperidol (very low). The results of direct ratio 
analyses are shown in online supplemental etable 6. The details 
of GRADE assessment for antipsychotic dose equivalence are 
shown in online supplemental etables 7–15.

DISCUSSION
To date, there has been no evidence- based approach to examine 
the dose equivalents of antipsychotic drugs for acute bipolar 
mania. Clinicians and researchers still borrowed the dose equiva-
lence derived from schizophrenia for acute bipolar mania. In the 
current study, we used the approach by Leucht et al,6 estimating 
the antipsychotic dose equivalents to olanzapine 1 mg/day for 
acute mania. We also found that the differences in dose equiva-
lence between acute mania and schizophrenia were statistically 
significant. Substantial evidence has confirmed the efficacy of 
antipsychotic drugs for patients with acute bipolar mania, and 
antipsychotic drugs are recommended in several treatment 
guidelines as first- line treatment for acute bipolar mania.3 4 
Therefore, our study findings may provide rational and useful 

Table 1 Weighted mean analyses for dose equivalents to olanzapine 1 mg

Drug Group n Dose Upper Lower t P value Change (%) Certainty*

Haloperidol† Mania 903 0.68 0.70 0.67 −6.48 <0.001 −8.1 Low

Schizophrenia 1953 0.74 0.75 0.73   

Risperidone† Mania 773 0.32 0.32 0.31 −13.43 <0.001 −15.8 Moderate

Schizophrenia 1623 0.38 0.39 0.37   

Paliperidone Mania 190 0.60 0.61 0.58 Moderate

Schizophrenia   na       

Ziprasidone Mania 457 8.00 8.13 7.87 0.99 0.32 1.0 Moderate

Schizophrenia 1071 7.92 8.01 7.83   

Quetiapine† Mania 827 41.46 41.87 41.06 29.88 <0.001 28.5 Moderate

Schizophrenia 1261 32.27 32.68 31.86   

Aripiprazole† Mania 937 1.65 1.67 1.63 17.01 <0.001 17.0 Moderate

Schizophrenia 1013 1.41 1.43 1.39   

Asenapine Mania 337 1.23 1.25 1.21 38.2 Moderate

Schizophrenia 913 0.89       

Cariprazine Mania 612 0.53 0.54 0.52 Moderate

Schizophrenia   na       

Brexpiprazole Mania 321 0.22 0.22 0.21 Low

Schizophrenia   na       

*The certainty of evidence for antipsychotic dose equivalence was according to the data in online supplemental etables 7–15.
†P value<0.05
na, not available.
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antipsychotic dose equivalents for acute bipolar mania in clinical 
and research settings.

The classic mean method by Davis and Leucht et al6 7 assumes 
that physicians would adjust the dosages of the experimental 
drug to obtain the maximum clinical response in the flexible- 
dose RCTs, and this assumption was translated to therapeutic 
equivalence among all antipsychotic drugs for schizophrenia. 
However, the assumed therapeutic equivalence in the classic 
mean dose method was not subject to statistical analyses.5 6 In 
the current study, we conducted NMA to examine comparable 
efficacy in reducing manic symptoms among all antipsychotic 
drugs. The NMA results supported therapeutic equivalence 
among the investigated antipsychotic drugs, except for risperi-
done and brexpiprazole relative to olanzapine. Global inconsis-
tency was statistically significant, while local inconsistency was 
only observed in ziprasidone relative to haloperidol and placebo. 
Notably, we included three RCTs of ziprasidone21–23 and these 
three RCTs used the MRS as their measurement for the anti-
manic outcome. However, most of the included studies used the 
YMRS as their measurement. The inconsistency of ziprasidone 
relative to haloperidol and placebo might be related to the use of 
a different rating scale for manic symptoms.

For acute bipolar mania, we found that the results of olan-
zapine equivalent dose may differ between the weighted mean 
analyses and the direct and indirect ratio analyses. For example, 
1.00 mg of olanzapine was equal to 8.00 mg of ziprasidone in 
the weighted mean method, while it was equal to 3.41 mg of 
ziprasidone in the direct and indirect ratio methods. One of the 
explanations is that olanzapine has been directly compared with 
only haloperidol, risperidone and asenapine. The accuracy of the 
direct/indirect ratio analyses depends on the number of head- 
to- head RCTs; however, among the 42 included RCTs, only 12 
head- to- head RCTs contributed to direct or indirect ratios. The 
limited sample size may explain why we could not calculate the 
dose equivalent to olanzapine for paliperidone, quetiapine and 
cariprazine in the direct and indirect ratio analyses.

In the current study, the estimated antipsychotic dose equiv-
alents to olanzapine 1 mg/day were different between acute 
bipolar mania and schizophrenia, ranging from −15.8% to 
38.2% in the weighted mean analyses and from −48.9% to 
16.2% in the direct and indirect ratio analyses. These findings 
might indirectly imply that the effective dose ranges for these 
two disorders are different. Taking the weighted mean method as 
an example, the quetiapine dose equivalent to olanzapine 1 mg/
day was 41.46 mg/day for acute bipolar mania and 32.37 mg/day 

for schizophrenia, suggesting that the required dose was higher 
in acute bipolar mania relative to schizophrenia. However, so 
far, there has been no expert consensus on the antipsychotic dose 
ranges for acute bipolar mania, and the target dose range might 
depend on the recommendations of the manufacturers, which 
need further investigation.

There are some limitations to other dose equivalence methods 
for acute bipolar mania. For example, the minimum effective 
dose, which is the lowest dose that is significantly superior to 
placebo, was limited to the small sample sizes of fixed- dose, 
placebo- controlled trials (only eight trials for acute bipolar 
mania in adults).24 25 The expert consensus method and the daily 
defined dose method are limited to the relative low evidence- 
based method.14 25–27 However, as we mentioned above, so far 
there has been no expert consensus on the target dose ranges for 
antipsychotic drugs for acute bipolar mania. The latest method 
by Leucht et al28 overcame the above problems by giving the 
near- maximum effective doses method. However, based on the 
estimated dose–response curve, some dose equivalents estimated 
by this method are far from clinical practice or estimation by 
other methods. For example, it is reported that 1.84 mg/day 
aripiprazole is equivalent to 1 mg/day risperidone for schizo-
phrenia.28 Moreover, the near- maximum effective doses method 
requires (1) antipsychotic dose equivalence to convert all anti-
psychotic drugs and (2) an adequate number of multiple fixed- 
dose RCTs for dose–response curve on low doses. These two 
requirements are still lacking in acute bipolar mania.

Limitations
There were some limitations to the current study. First, the 
dose–response curve was not a linear model, but a sigmoid 
model, and it can differ from drug to drug.28 The weighted 
mean dose of olanzapine was 14.90 mg/day, and thereby anti-
psychotic conversion around olanzapine 14.90 mg/day may be 
more applicable than those far from 14.90 mg/day. Second, the 
number of patients and head- to- head RCTs was relatively small 
for some antipsychotic drugs such as paliperidone, limiting the 
statistical power of these drugs. Third, we focused on the acute 
antimanic outcomes (week 3); therefore, our findings cannot 
be generalised to other time scale far from acute manic phase. 
Fourth, we also calculated efficacy- adjusted dose equivalence 
for risperidone and brexpiprazole; however, such adjustment 
was based on the assumption that the mean dose in the included 
RCT provided the maximum clinical response. Therefore, the 

Table 2 Direct and indirect ratio analyses for dose equivalents to olanzapine 1 mg

Drug Group n Dose Upper Lower t P value Change (%) Certainty*

Haloperidol† Mania 590 0.47 0.49 0.45 24.46 <0.001 −38.2 Very low

Schizophrenia 1953 0.76 0.77 0.75   

Risperidone† Mania 668 0.25 0.26 0.24 4.72 <0.001 −7.4 Low

Schizophrenia 1623 0.27 0.28 0.27   

Ziprasidone† Mania 349 3.41 3.46 3.36 53.97 <0.001 −48.9 Low

Schizophrenia 1071 6.67 6.74 6.60   

Aripiprazole† Mania 679 1.10 1.12 1.08 12.09 <0.001 −12.7 Low

Schizophrenia 1013 1.26 1.28 1.24   

Asenapine Mania 770 1.15 1.16 1.14 16.2 Low

Schizophrenia 913 0.99 na   

*The certainty of evidence for antipsychotic dose equivalence was according to the data in online supplemental etables 7–15.
†P value<0.05
na, not available.
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dose equivalence for brexpiprazole is limited. Fifth, the certainty 
of evidence was low to very low for direct and indirect ratio 
methods. Sixth, we only took antipsychotic monotherapy into 
account; however, augmentation treatments with mood stabi-
lisers play an important role in clinical scenarios. Our study find-
ings cannot be applied to antipsychotic dose equivalence when 
using augmentation treatment. Finally, our results were derived 
from population- level data. When applying the dose equivalents, 
physicians need to consider patient characteristics such as age, 
body mass index or stage of illness (eg, treatment resistance).

Clinical implications
To our knowledge, this is the first study to assess the antipsy-
chotic dose equivalence for treatment of acute bipolar mania. We 
found that the antipsychotic dose equivalence for acute bipolar 
mania is different from schizophrenia. We believe acute bipolar 
mania warrants its own antipsychotic dose equivalence, and our 
findings are useful for both clinical practice and future research.

Author affiliations
1Department of Pharmacy, Chang Gung Memorial Hospital Linkou, Taipei, Taiwan
2IMPACT (Innovation in Mental and Physical Health and Clinical Treatment) Strategic 
Research Centre, School of Medicine, Deakin University, Geelong, VIC, Australia
3Centre for Chronic Illness and Ageing, University of Greenwich, London, UK
4Prospect Clinic for Otorhinolaryngology & Neurology, Kaohsiung City, Taiwan
5Institute of Biomedical Sciences, National Sun Yat- sen University, Kaohsiung, Taiwan
6Department of Psychology, College of Medical and Health Science, Asia University, 
Taichung, Taiwan
7Deaparment of Psychiatry, Chang Gung Memorial Hospital Kaohsiung Branch, 
Kaohsiung, Taiwan
8Department of Psychiatry, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan
9Department of Psychiatry, National Defense Medical Center, Taipei, Taiwan

Contributors C- SL developed the study concept and design. Testing and data 
collection were supervised by C- LY and T- WH. Data were analysed and interpreted by 
C- SL and C- LY. The paper was drafted by T- WH and C- SL. AFC, TT and P- TT provided 
advice on statistical analysis and provided important intellectual content. AFC, TT 
and C- WH assisted with the preparation and proof- reading of the manuscript. C- SL 
accept full responsibility for the work and the conduct of the study, had access to the 
data, and controlled the decision to publish. All authors approved the final version of 
the paper for submission.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Ping- Tao Tseng http://orcid.org/0000-0001-5761-7800
Chih- Wei Hsu http://orcid.org/0000-0002-8650-4060
Chih- Sung Liang http://orcid.org/0000-0003-1138-5586

REFERENCES
 1 Kishi T, Ikuta T, Matsuda Y, et al. Pharmacological treatment for bipolar mania: a 

systematic review and network meta- analysis of double- blind randomized controlled 
trials. Mol Psychiatry 2022;27:1136–44. 

 2 Yatham LN, Kennedy SH, Parikh SV, et al. Canadian network for mood and anxiety 
treatments (CANMAT) and International Society for bipolar disorders (ISBD) 2018 
guidelines for the management of patients with bipolar disorder. Bipolar Disord 
2018;20:97–170. 

 3 NICE. Bipolar disorder: the NICE guideline on the assessment and management of 
bipolar disorder in adults, children and young people in primary and secondary care. 
London, 2014.

 4 Malhi GS, Bell E, Boyce P, et al. The 2020 Royal Australian and New Zealand College 
of Psychiatrists clinical practice guidelines for mood disorders: bipolar disorder 
summary. Bipolar Disord 2020;22:805–21. 

 5 Hayasaka Y, Purgato M, Magni LR, et al. Dose equivalents of antidepressants: 
evidence- based recommendations from randomized controlled trials. J Affect Disord 
2015;180:179–84. 

 6 Leucht S, Samara M, Heres S, et al. Dose equivalents for second- generation 
antipsychotic drugs: the classical mean dose method. Schizophr Bull 
2015;41:1397–402. 

 7 Davis JM. Dose equivalence of the antipsychotic drugs. J Psychiatr Res 1974;11:65–9. 
 8 Lehman AF, Lieberman JA, Dixon LB, et al. Practice guideline for the treatment of 

patients with schizophrenia, second edition. Am J Psychiatry 2004;161(2 Suppl):1–56.
 9 Brotman MA, Fergus EL, Post RM, et al. High exposure to neuroleptics in bipolar 

patients: a retrospective review. J Clin Psychiatry 2000;61:68–72; 
 10 Humberstone V, Wheeler A, Lambert T. An audit of outpatient antipsychotic usage 

in the three health sectors of Auckland, New Zealand. Aust N Z J Psychiatry 
2004;38:240–5. 

 11 Kadra G, Stewart R, Shetty H, et al. Long- Term antipsychotic polypharmacy prescribing 
in secondary mental health care and the risk of mortality. Acta Psychiatr Scand 
2018;138:123–32. 

 12 Huhn M, Nikolakopoulou A, Schneider- Thoma J, et al. Comparative efficacy and 
tolerability of 32 oral antipsychotics for the acute treatment of adults with multi- 
episode schizophrenia: a systematic review and network meta- analysis. Lancet 
2019;394:939–51. 

 13 Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension statement for 
reporting of systematic reviews incorporating network meta- analyses of health care 
interventions: checklist and explanations. Ann Intern Med 2015;162:777–84. 

 14 Gardner DM, Murphy AL, O’Donnell H, et al. International consensus study of 
antipsychotic dosing. Am J Psychiatry 2010;167:686–93. 

 15 Drevon D, Fursa SR, Malcolm AL. Intercoder reliability and validity of webplotdigitizer 
in extracting graphed data. Behav Modif 2017;41:323–39. 

 16 Wan X, Wang W, Liu J, et al. Estimating the sample mean and standard deviation from 
the sample size, median, range and/or interquartile range. BMC Med Res Methodol 
2014;14:135. 

 17 Weir CJ, Butcher I, Assi V, et al. Dealing with missing standard deviation and mean 
values in meta- analysis of continuous outcomes: a systematic review. BMC Med Res 
Methodol 2018;18:25. 

 18 Luo D, Wan X, Liu J, et al. Optimally estimating the sample mean from the sample 
size, median, mid- range, and/or mid- quartile range. Stat Methods Med Res 
2018;27:1785–805. 

 19 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane collaboration’s tool for 
assessing risk of bias in randomised trials. BMJ 2011;343:d5928. 

 20 Guyatt GH, Oxman AD, Vist GE, et al. Grade: an emerging consensus on rating quality 
of evidence and strength of recommendations. BMJ 2008;336:924–6. 

 21 Keck PE Jr, Versiani M, Potkin S, et al. Ziprasidone in the treatment of acute bipolar 
mania: a three- week, placebo- controlled, double- blind, randomized trial. Am J 
Psychiatry 2003;160:741–8. 

 22 Potkin SG, Keck PE Jr, Segal S, et al. Ziprasidone in acute bipolar mania: a 21- day 
randomized, double- blind, placebo- controlled replication trial. J Clin Psychopharmacol 
2005;25:301–10. 

 23 Vieta E, Ramey T, Keller D, et al. Ziprasidone in the treatment of acute mania: a 
12- week, placebo- controlled, haloperidol- referenced study. J Psychopharmacol 
2010;24:547–58. 

 24 Leucht S, Samara M, Heres S, et al. Dose equivalents for second- generation 
antipsychotics: the minimum effective dose method. Schizophr Bull 2014;40:314–26. 

 25 Patel MX, Arista IA, Taylor M, et al. How to compare doses of different antipsychotics: 
a systematic review of methods. Schizophr Res 2013;149:141–8. 

 26 Andreasen NC, Pressler M, Nopoulos P, et al. Antipsychotic dose equivalents and 
dose- years: a standardized method for comparing exposure to different drugs. Biol 
Psychiatry 2010;67:255–62. 

 27 Leucht S, Samara M, Heres S, et al. Dose equivalents for antipsychotic drugs: the DDD 
method. Schizophr Bull 2016;42 Suppl 1(Suppl 1):S90–4. 

 28 Leucht S, Crippa A, Siafis S, et al. Dose- Response meta- analysis of antipsychotic drugs 
for acute schizophrenia. Am J Psychiatry 2020;177:342–53. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://m

entalhealth.bm
j.com

/
B

M
J M

ent H
ealth: first published as 10.1136/bm

jm
ent-2022-300546 on 7 F

ebruary 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5761-7800
http://orcid.org/0000-0002-8650-4060
http://orcid.org/0000-0003-1138-5586
http://dx.doi.org/10.1038/s41380-021-01334-4
http://dx.doi.org/10.1111/bdi.12609
http://dx.doi.org/10.1111/bdi.13036
http://dx.doi.org/10.1016/j.jad.2015.03.021
http://dx.doi.org/10.1093/schbul/sbv037
http://dx.doi.org/10.1016/0022-3956(74)90071-5
http://dx.doi.org/15000267
http://dx.doi.org/10.4088/jcp.v61n0116
http://dx.doi.org/10.1080/j.1440-1614.2004.01340.x
http://dx.doi.org/10.1111/acps.12906
http://dx.doi.org/10.1016/S0140-6736(19)31135-3
http://dx.doi.org/10.7326/M14-2385
http://dx.doi.org/10.1176/appi.ajp.2009.09060802
http://dx.doi.org/10.1177/0145445516673998
http://dx.doi.org/10.1186/1471-2288-14-135
http://dx.doi.org/10.1186/s12874-018-0483-0
http://dx.doi.org/10.1186/s12874-018-0483-0
http://dx.doi.org/10.1177/0962280216669183
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://dx.doi.org/10.1176/appi.ajp.160.4.741
http://dx.doi.org/10.1176/appi.ajp.160.4.741
http://dx.doi.org/10.1097/01.jcp.0000169068.34322.70
http://dx.doi.org/10.1177/0269881108099418
http://dx.doi.org/10.1093/schbul/sbu001
http://dx.doi.org/10.1016/j.schres.2013.06.030
http://dx.doi.org/10.1016/j.biopsych.2009.08.040
http://dx.doi.org/10.1016/j.biopsych.2009.08.040
http://dx.doi.org/10.1093/schbul/sbv167
http://dx.doi.org/10.1176/appi.ajp.2019.19010034
http://mentalhealth.bmj.com/

	Comparison of antipsychotic dose equivalents for acute bipolar mania and schizophrenia
	Abstract
	Background
	Objective

	Methods
	Search strategy and inclusion criteria
	Outcome measures and target population
	Data analysis
	Findings

	Discussion
	Limitations
	Clinical implications

	References


