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Background and Hypothesis:  Long-acting injectable anti-

psychotic drugs (LAIs) are mainly used for relapse preven-

tion but could also be advantageous for acutely ill patients 

with schizophrenia. Study Design:  We conducted a system-

atic review and meta-analysis of randomized-controlled-

trials (RCTs) comparing the second-generation long-acting 

injectable antipsychotics (SGA-LAIs) olanzapine, 

risperidone, paliperidone, and aripiprazole with placebo or 

their oral counterparts in acutely ill patients with schizo-

phrenia. We analyzed 23 efficacy and tolerability outcomes, 

with the primary outcome being overall symptoms of schiz-

ophrenia. The results were obtained through random ef-

fects, pairwise meta-analyses, and subgroup tests. The 

study quality was assessed using the Cochrane-Risk-of-

Bias-Tool version-1. Study Results:  Sixty-six studies with 

16 457 participants were included in the analysis. Eleven 

studies compared second-generation long-acting injectable 

antipsychotics (SGA-LAIs) with a placebo, 54 compared 

second-generation oral antipsychotics (SGA-orals) with 

a placebo, and one compared an SGA-LAI (aripiprazole) 

with its oral formulation. All 4 SGA-LAIs reduced overall 

symptoms more than placebo, with mean standardized dif-

ferences of −0.66 (95% CI: −0.90; −0.43) for olanzapine, 

−0.64 (−0.80; −0.48) for aripiprazole, −0.62 (−0.76; 

−0.48) for risperidone and −0.42 (−0.53; −0.31) for 

paliperidone. The side-effect profiles of the LAIs corres-

ponded to the patterns known from the oral formulations. 

In subgroup tests compared to placebo, some side effects 

were less pronounced under LAIs than under their oral 

formulations. Conclusions:  SGA-LAIs effectively treat 

acute schizophrenia. Some side effects may be less frequent 

than under oral drugs, but due to the indirect nature of the 

comparisons, this finding must be confirmed by RCTs com-

paring LAIs and orals head-to-head. 
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Introduction

Schizophrenia is a chronic and severe mental condi-
tion that has a significant impact on society. Oral anti-
psychotics (OAPs) have been the primary treatment for 
schizophrenia.1 Unfortunately, non-adherence is fre-
quent2,3 and may compromise treatment efficacy.4

Long-acting injectable antipsychotics (LAIs) have 
been used as maintenance treatments for preventing re-
lapse in patients with stable schizophrenia since 1960.5–8 
LAIs provide a unique advantage over OAPs as they have 
distinct pharmacokinetics. Compared to OAPs, LAIs can 
bypass hepatic and intestinal absorption and reach the 
circulatory system directly, decreasing the “first pass ef-
fect” and improving their bioavailability.9,10 The slower 
absorption rate of LAIs leads to a prolonged half-life11 
and fewer peak-to-trough plasma concentration varia-
tions, which may contribute to better efficacy and tolera-
bility compared to OAPs.12

The use of LAIs for the treatment of schizophrenia 
has been a topic of debate, with some studies showing 
their advantage over OAPs,6,13–17 while others have not 
found this to be the case.18–20 While being well studied as a 
maintenance treatment option,5–8 evidence about the use 
of LAIs in the acute phase of schizophrenia has recently 
emerged.13,16,21,22 In many settings, acutely ill patients are 
often treated as outpatients. However, this approach can 
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result in patients quickly discontinuing oral antipsychotics 
due to common symptoms of acute schizophrenia, such 
as suspiciousness or a lack of insight.23 Furthermore, the 
financial pressures24 of  shorter hospital stays make LAIs 
useful for providing antipsychotic coverage when patients 
need to be discharged quickly.

Nevertheless, to our knowledge, no systematic review 
has examined the effects of LAIs in patients with acute 
schizophrenia. In general, 2 main questions exist: What 
are the efficacy and safety of LAIs compared to placebo, 
and how do LAIs compare to their oral counterparts in 
this context?

Thus, the purpose of the present meta-analysis was to 
compare the efficacy and safety of long-acting injectable 
second-generation antipsychotics with that of OAPs or 
placebo in patients with acute schizophrenia.

Methods

Search Strategy and Selection Criteria

We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines.25 The 
review protocol was published on the OSF (https://osf.
io/7gj2s/).

We searched the Cochrane Schizophrenia Group’s 
Study-Based Register, which includes https://clinicaltrials.
gov/ and www.who.int/ictrp, from the database’s incep-
tion to March 2022. We also assessed the references of all 
included trials for published and unpublished reports of 
further studies.

We included open, single-blind, double-blind, short-
term, randomized-controlled-trials (RCTs), short-term 
being defined as three to thirteen weeks duration ac-
cording to Cochrane reviews.26 To avoid language bias, 
we included all studies irrespective of their language and 
origin.27 To ensure data quality, we excluded trials per-
formed in the mainland of China due to potential quality 
concerns,28–30 except for studies conducted by interna-
tional pharmaceutical companies.

We included only patients with acute schizophrenia ir-
respective of the diagnostic system used. Acute schizo-
phrenia was defined as patients who had aggravated or 
active symptoms and who were at least at the beginning 
of the respective studies. If  the authors described indi-
viduals as “acute” or did not explicitly mention their sta-
bility status, we presumed that these patients were acute.

We excluded maintenance (relapse prevention) studies 
in stable patients and dose-reduction trials. We excluded 
first-generation LAIs (FGA-LAIs), which produce 
more extrapyramidal symptoms (EPS) and tardive dys-
kinesia.23 Most FGA-LAI studies have been published 
before the advent of second-generation antipsychotics. 
As such, they may involve stronger intervention effects 
than more recent RCTs, resulting in significant bias.31,32 
Moreover, FGA-LAIs are getting used less, at least in 
high-income countries.33 Therefore, the present review 

included trials comparing SGA-LAIs (aripiprazole LAI, 
olanzapine LAI, risperidone LAI, and paliperidone LAI) 
with their oral versions or placebo. Concerning fixed 
dosage trials, we solely included those LAI doses author-
ized by the summary of product characteristics (SmPC).34 
For oral formulations, we included target to maximum 
fixed doses according to the International Consensus of 
Antipsychotic Dosing35 (supplementary table S2). We 
also included all flexible-dose trials where physicians 
could adjust the dose.

Furthermore, in studies that involved multiple dose 
arms, we combined the arms with appropriate formulae.36 
The same approach was used for different injection inter-
vals (eg, olanzapine IM. biweekly and 4 weekly). In ac-
cordance with Leucht et al37 post hoc sensitivity analyses 
only included near-to-maximum effective doses, com-
prising aripiprazole LAI of at least 440 mg 4 weekly, 
olanzapine LAI 210 mg biweekly, risperidone 50 mg bi-
weekly, and paliperidone 100 mg 4 weekly.

We excluded studies comparing SGA-LAIs to a dif-
ferent oral drug (different compound) or LAI. Finally, we 
used the studies from an updated, previously published 
meta-analysis,1 which included SGA-OAP placebo-
controlled studies (aripiprazole, olanzapine, risperidone, 
and paliperidone), for subgroup analysis.

Data Analysis

Each study was characterized by extracting the following 
general data: Study name, publication year, and blinding 
type; trial duration; diagnostic criteria; intervention; ap-
plication; dosing interval; mean dose and range (mg); the 
number of patients randomized; percentage of females; 
mean age in years; mean duration of illness in years; 
and mean baseline severity (SD) on a scale for overall 
symptoms.

The primary outcome was changed in the PANSS38 or 
BPRS total score39 from baseline to endpoint.

Secondary outcomes included response rate, discontin-
uation for any reason, inefficacy, depressive symptoms (eg, 
the Hamilton Depression Rating Scale,40 the Montgomery 
Asberg Depression Scale,41 or other published scales), 
quality of life (eg, Quality of Life Scale42), social func-
tioning (eg, global assessment of functioning43), use of 
antiparkinsonian drugs, extrapyramidal symptoms (meas-
ured by the ESRS,44 DIEPSS,45 and SAS46), akathisia 
(Barnes Akathisia Scale,47 DIEPSS Akathisia subscale,45 
and the akathisia subscale of the ESRS44), number of 
patients with akathisia, weight gain (continuous, kg; di-
chotomous, defined as >7%), prolactin, dry mouth, QTc 
prolongation, sedation, at least one anticholinergic side-
effect, urinary retention, blurred vision, constipation, all-
cause mortality, mortality for suicide.

All data were entered in duplicate into a specifically 
setup Microsoft ACCESS database, allowing an au-
tomatic comparison of the 2 independent extractions. 
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Dichotomous data were analyzed using odds ratios (OR), 
while continuous outcomes were analyzed using stand-
ardized mean differences (SMD, for rating scale results) 
or mean differences (MD), including their 95% CI. We 
evaluated between-study heterogeneity using χ² and I2 
statistics. Values of P < .05 and I2 > 50% indicated con-
siderable heterogeneity.

We meta-analyzed RCTs comparing LAIs with placebo 
and compared the effect sizes of different LAIs vs placebo 
by subgroup tests. We also meta-analyzed RCTs which 
compared LAIs and oral drug formulations directly. 
Moreover, we performed meta-analytic subgroup tests 
in which the effect sizes of LAIs compared to placebos 
were compared with the effect sizes of their oral coun-
terparts vs placebo. In addition, different LAI formula-
tions containing the same antipsychotic component (eg, 
aripiprazole maintena and lauroxil) were pooled in the 
main analysis and then separately analyzed in a subgroup 
analysis. In addition to the sensitivity analysis on the dose 
mentioned above, we performed sensitivity analyses using 
studies on LAIs whose results were reported closest to 6 
weeks. This is because studies on acute phase LAIs typi-
cally last 12 weeks, whereas studies comparing OAPs with 
placebos typically last 6–8 weeks (primary outcome only). 
The few oral studies which lasted less than 6 and more 
than 8 weeks were excluded from this analysis.

Two authors (DW, SD) independently selected the 
studies, extracted data, and assessed the risk of bias for 
the included LAI studies using the Cochrane risk of bias 
method for randomized trials (RoB 1).36 Discrepancies 
were resolved through discussion, with the assistance of 
SL when necessary.

All data analyses were conducted using the “meta” 
package48 in R version 4.2.0.

Results

After screening 14 135 titles and abstracts, we examined 
3424 full-text publications. Eleven placebo-controlled 
trials and one comparison of aripiprazole LAI vs 
aripiprazole oral yielded usable data from 4775 partici-
pants. Additionally, 54 placebo-controlled OAP studies 
with 11682 participants were included after updating 
and screening a previously published meta-analysis1; one 
study did not provide usable data. Overall, 66 studies with 
16457 participants were included (for detailed informa-
tion on the screening process, please refer to the flowchart 
in figure 1). The included studies were published between 
1992 and 2022 (supplementary table S1). All detailed re-
sults can be found in the supplementary material.

Risk of Bias

The percentages of studies with high, unclear, and low risk 
of bias were as follows: 0%, 47%, and 53% for random-
ization; 0%, 53%, and 47% for allocation concealment; 

3.03%, 31.82%, and 65.15% for blinding of patients and 
clinicians; 3.03%, 34.85%, and 62.12% for blinding of 
raters; 4.55%, 12.12%, and 83.33% for missing outcomes; 
9.09%, 18.18%, and 72.73% for selective reporting; and 
1.52%, 12.12%, and 86.36% for other biases (supplemen-
tary table S4).

Primary and Secondary Outcomes

Efficacy-Related Outcomes. 

LAIs vs Placebo. All LAIs were found to be more effi-
cacious than placebo concerning all efficacy-related out-
comes: Overall symptoms (range of mean SMDs: −0.42 
for paliperidone to − 0.66 for olanzapine), responders 
(range of mean ORs: 2.22 for paliperidone to 4.12 for 
risperidone), positive symptoms (range of mean SMDs: 
−0.40 for paliperidone to − 0.68 for olanzapine), negative 
symptoms (range of mean SMDs: −0.29 for paliperidone 
to − 0.54 for olanzapine), depressive symptoms (range 
of mean SMDs: −0.22 for risperidone to −0.43 for 
aripiprazole), dropout due to inefficacy (range of mean 
ORs: 0.52 for paliperidone to 0.25 for aripiprazole) and 
dropout due to any reason (range of mean ORs: 0.63 for 
risperidone to 0.47 for paliperidone), see table 1 and sup-
plementary figures S1–S38.

Data on social functioning were available only for 
aripiprazole and paliperidone, and both were found to 
be better than placebo (mean SMDs: −0.53 and − 0.23, 
respectively). A single trial49 revealed that risperidone-
LAI was not better than placebo regarding quality of life 
(SMD: −0.19, 95% CI − 0.41, 0.04) (table 1 and supple-
mentary figures S1–S38).

Head-to-Head Comparisons of LAIs vs Their Oral 

Counterparts. Only one study50 directly compared a LAI 
with its oral formulation (aripiprazole LAI vs aripiprazole 
oral formulation). There was no clear difference in the 
outcomes we addressed (supplementary figures S1–S38).

Subgroup Tests Comparing Different LAIs vs pla-

cebo. table 1 provides a summary of  subgroup com-
parisons of  various LAIs. A pattern emerged suggesting 
that paliperidone LAI was less efficacious than other 
antipsychotics in improving overall symptoms (P = .03), 
positive symptoms (P = .04), social functioning 
(P < .01), discontinuation for inefficacy (P = .04), and 
in responder rates (P = .03) (also see supplemental fig-
ures S1—S38).

Subgroup Tests Comparing Different Formulations of the 

Same LAI. We compared various LAI formulations 
using the same antipsychotic. There were no clear differ-
ences between aripiprazole LAI lauroxil and maintena, 
and between risperidone LAI subcutaneous, risperidone 
LAI ISM and risperidone LAI Consta (supplementary 
figures S64-S113).
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Subgroup Tests Comparing LAIs With Their Oral 

Counterparts Using Effect Sizes vs placebo. figure 2 shows 
the results of subgroup tests. Aripiprazole LAI was supe-
rior to its oral counterpart regarding overall symptoms 
and positive symptoms, response rate, and dropout for 
inefficacy. Risperidone LAI was better than its oral agent 
in response rate. In contrast, paliperidone oral was signif-
icantly better than its LAI in social functioning (supple-
mentary figure S39-S62).

Sensitivity Analysis Using Only Maximum Effective Doses 

and Data Closest to 6–8 Weeks. This sensitivity analysis 
included only near to-maximum effective doses according 

to Leucht et al37 The results did not change considerably 
(supplementary figure S118-S211).

Furthermore, since LAI studies had a longer duration 
(median 13 weeks) compared to their oral counterparts (me-
dian 6 weeks), we conducted the same subgroup analyses as 
above using LAI results closest to 6 weeks. Nonetheless, no 
apparent distinctions were observed in comparison to oral 
treatments (supplementary figures S114-S117).

Side-Effect-Related Outcomes. 

LAIs vs Placebo. All LAIs had a significantly higher risk 
of clinically important weight gain (at least 7% increase) 

Fig. 1. 
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Table 1. LAIs Compared to Placebo on all Outcomes

Outcomes No. of Participants No. of Studies SMD/MD/ OR [95%CI] Subgroup Analysis

Overall symptoms (continuous)  P = .03
  Ari LAI VS Pla 925 2  −0.64 [−0.80; −0.48]
  Ola LAI VS Pla 402 1  −0.66 [−0.90; −0.43]
  Pal LAI VS Pla 2017 5  −0.42 [−0.53; −0.31]
  Ris LAI VS Pla 1010 3  −0.62 [−0.76; −0.48]
Response rate (dichotomous) P = .03
  Ari LAI VS Pla 963 2 2.84 [2.07; 3.91]
  Ola LAI VS Pla 404 1  3.16 [1.84; 5.43]
  Pal LAI VS Pla 2098 5  2.22 [1.76; 2.78]
  Ris LAI VS Pla 738 2  4.12 [2.89; 5.88]
Positive symptoms (continuous) P = .04
  Ari LAI VS Pla 925 2  −0.65 [−0.92; −0.38]
  Ola LAI VS Pla 402 1  −0.68 [−0.91; −0.45]
  Pal LAI VS Pla 2017 5  −0.40 [−0.50; −0.31]
  Ris LAI VS Pla 1010 3  −0.58 [−0.72; −0.43]
Negative symptoms (continuous) P = .12
  Ari LAI VS Pla 925 2  −0.43 [−0.57; −0.30]
  Ola LAI VS Pla 402 1  −0.54 [−0.77; −0.31]
  Pal LAI VS Pla 2017 5  −0.29 [−0.38; −0.19]
  Ris LAI VS Pla 1010 3  −0.39 [−0.58; −0.21]
Depressive symptoms (continuous) P = .14
  Ari LAI VS Pla 596 1  −0.43 [−0.60; −0.26]
  Ola LAI VS Pla — — —
  Pal LAI VS Pla 2015 5  −0.22 [−0.35; −0.09]
  Ris LAI VS Pla 283 1  −0.36 [−0.61; −0.11]
All-cause discontinuation (dichotomous) P = .51
  Ari LAI VS Pla 963 2  0.51 [0.39; 0.66]
  Ola LAI VS Pla 404 1  0.60 [0.38; 0.96]
  Pal LAI VS Pla 2098 5  0.47 [0.36; 0.63]
  Ris LAI VS Pla 1092 3  0.63 [0.47; 0.85]
Discontinuation for inefficacy (dichotomous) P = .04
  Ari LAI VS Pla 963 2  0.25 [0.16; 0.39]
  Ola LAI VS Pla 404 1  0.40 [0.22; 0.71]
  Pal LAI VS Pla 2098 5  0.52 [0.42; 0.64]
  Ris LAI VS Pla 1092 3  0.46 [0.30; 0.71]
Social function (continuous) P < .01
  Ari LAI VS Pla 936 2  −0.53 [−0.66; −0.39]
  Ola LAI VS Pla  — — —
  Pal LAI VS Pla 1459 3  −0.23 [−0.34; −0.11]
  Ris LAI VS Pla  — — —
Quality of life (continuous)  —
  Ari LAI VS Pla — — —
  Ola LAI VS Pla — — —
  Pal LAI VS Pla — — —
  Ris LAI VS Pla 337 1  −0.19 [−0.41; 0.04]
Weight gain (continuous) P < .01
  Ari LAI VS Pla 961 2 1.31 [0.14; 2.49]
  Ola LAI VS Pla 404 1  3.21 [2.11; 4.31]
  Pal LAI VS Pla 1605 4  1.32 [0.89; 1.75]
  Ris LAI VS Pla 624 2 2.18 [1.19; 3.16]
Weight gain (dichotomous) P = .91
  Ari LAI VS Pla 963 2 2.21 [1.22; 3.99]
  Ola LAI VS Pla 404 1 2.85 [1.48; 5.47]
  Pal LAI VS Pla 2098 5 2.90 [1.76; 4.79]
  Ris LAI VS Pla 1092 3 2.53 [1.60; 4.00]
QTc (continuous)  —
  Ari LAI VS Pla — — —
  Ola LAI VS Pla — — —
  Pal LAI VS Pla — — —
  Ris LAI VS Pla 637 2 3.40 [−0.44; 7.24]
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Outcomes No. of Participants No. of Studies SMD/MD/ OR [95%CI] Subgroup Analysis

Use of antiparkinson medication (dichotomous) P = .83
  Ari LAI VS Pla — — —
  Ola LAI VS Pla — — —
  Pal LAI VS Pla 2098 5 1.18 [0.90; 1.53]
  Ris LAI VS Pla 1092 3  1.11 [0.72; 1.71]
EPS scale (continuous) P = .32
  Ari LAI VS Pla 339 1  −0.10 [−0.31; 0.12]
  Ola LAI VS Pla 404 1  −0.21 [−0.44; 0.01]
  Pal LAI VS Pla 1730 4 0.01 [−0.10; 0.11]
  Ris LAI VS Pla 1075 3  −0.09 [−0.22; 0.03]
Akathisia scale (continuous) P = .57
  Ari LAI VS Pla 339 1  0.00 [−0.21; 0.21]
  Ola LAI VS Pla 404 1  −0.20 [−0.42; 0.03]
  Pal LAI VS Pla 1735 4  −0.02 [−0.15; 0.11]
  Ris LAI VS Pla 787 2  −0.03 [−0.18; 0.11]
 Akathisia (adverse event) P = .03
  Ari LAI VS Pla 963 2  3.12 [1.75; 5.56]
  Ola LAI VS Pla — — —
  Pal LAI VS Pla 2098 5  1.08 [0.61; 1.89]
  Ris LAI VS Pla 1092 3  1.59 [0.79; 3.19]
At least once anticholinergic side effect P = .11
  Ari LAI VS Pla 963 2 1.02 [0.51; 2.07]
  Ola LAI VS Pla 404 1  0.47 [0.22; 1.02]
  Pal LAI VS Pla 2098 5  0.86 [0.55; 1.35]
  Ris LAI VS Pla 1092 3  1.81 [0.84; 3.88]
 Dry mouth(dichotomous) P = .07
  Ari LAI VS Pla 623 1  0.20 [0.04; 1.02]
  Ola LAI VS Pla 404 1  3.96 [0.51; 30.84]
  Pal LAI VS Pla 1527 3  1.79 [0.44; 7.37]
  Ris LAI VS Pla 300 1  3.48 [0.42; 28.70]
Constipation (dichotomous) P = .11
  Ari LAI VS Pla 963 2 1.02 [0.51; 2.07]
  Ola LAI VS Pla 404 1  0.47 [0.22; 1.02]
  Pal LAI VS Pla 2098 5  0.86 [0.55; 1.35]
  Ris LAI VS Pla 1092 3  1.81 [0.84; 3.88]
Blurred vision (dichotomous)  —
  Ari LAI VS Pla — — —
  Ola LAI VS Pla — — —
  Pal LAI VS Pla 1527 3  0.25 [0.05; 1.28]
  Ris LAI VS Pla — — —
Urinary retention (dichotomous)  —
  Ari LAI VS Pla — — —
  Ola LAI VS Pla — — —
  Pal LAI VS Pla — — —
  Ris LAI VS Pla — — —
Sedation (dichotomous) P = .84
  Ari LAI VS Pla 963 2  2.51 [0.82; 7.71]
  Ola LAI VS Pla 404 1  4.27 [0.99; 18.37]
  Pal LAI VS Pla 1774 4  2.37 [0.98; 5.72]
  Ris LAI VS Pla 1092 3  1.96 [0.86; 4.47]
Prolactin Level (continuous) P < .01
  Ari LAI VS Pla — — —
  Ola LAI VS Pla — — —
  Pal LAI VS Pla 451 1 18.85 [12.08; 25.62]
  Ris LAI VS Pla 742 2 29.17 [24.84; 33.50]
All-cause mortality P = .98
  Ari LAI VS Pla 963 2 0.34 [0.03: 4.12]
  Ola LAI VS Pla 404 1  0.32 [0.01; 16.30]
  Pal LAI VS Pla 2098 5 0.49 [0.11; 2.16]
  Ris LAI VS Pla 1092 3  0.31 [0.04; 2.53]

Table 1. Continued
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than placebo (range of mean ORs: 2.21 for aripiprazole to 
2.90 for paliperidone) and mean weight gain (range of mean 
MDs 1.31kg aripiprazole to 3.21kg olanzapine) (table 1 and 
supplementary figures S1–S38). Aripiprazole LAI was as-
sociated with a higher risk of akathisia (mean OR = 3.12) 
than placebo; paliperidone LAI (mean MD = 18.85) and 
risperidone LAI (mean MD = 29.17) produced more pro-
lactin increase than placebo (table 1). There were no signif-
icant differences between LAIs and placebos in akathisia 
rating scale results (continuous), EPS scales (continuous), 
sedation, constipation, dry mouth, at least one anticholin-
ergic side-effect, use of antiparkinsonian drugs, prolactin, 
all-cause mortality, and mortality for suicide (table 1 and 
supplementary figures S1–S38).

Head-to-Head Comparisons of LAIs With Their Oral 

Counterparts. Only one study50 compared aripiprazole 
LAI with aripiprazole oral, and there was no significant 
difference between them in terms of any side effects (sup-
plementary figure S1–S38).

Subgroup Tests Comparing Different LAIs vs Placebo. table 
1 shows that the risk of akathisia (dichotomous) was 
highest for aripiprazole LAI (P = .03). Conversely, 
aripiprazole LAI was associated with a statistically sig-
nificantly lower weight gain (continuous). In addition, 
prolactin increase was more pronounced when using 
risperidone LAI compared to paliperidone LAI (P = .01) 
(table 1 and supplementary figures S1—S38).

Subgroup Tests Comparing Different Formulations of the 

Same LAI. We compared various LAI formulations of 
the same antipsychotic. There were no clear differences 
between aripiprazole maintena and lauroxil, and between 
risperidone LAI subcutaneous, risperidone LAI ISM and 
risperidone LAI Consta in terms of side-effect outcomes 
(supplementary figure S64-S113).

Subgroup Tests Comparing LAIs With Their Oral 

Counterparts Using Effect Sizes vs Placebo. Compared 
to their oral formulations, olanzapine LAI had a 

significantly lower rate of at least one anticholinergic 
side-effect, aripiprazole LAI had a significantly lower fre-
quency of dry mouth, paliperidone LAI had significantly 
lower prolactin levels, and aripiprazole LAI, paliperidone 
LAI, and olanzapine LAI had significantly lower EPS 
scores. In contrast, akathisia (dichotomous) was sig-
nificantly more likely to develop with aripiprazole LAI 
than with its oral formulation. We did not find significant 
differences in other side effects, including weight gain, 
among the four LAIs and their oral formulations (figure 
3 and supplementary figures S39–S62).

Sensitivity Analysis Using Maximum Effective 

Doses. These sensitivity analyses revealed no important 
difference (supplementary figure S118-S211).

Discussion

The present study is the first systematic review that com-
pared the efficacy and safety of SGA-LAIs vs placebo 
and their oral counterparts in the treatment of acute 
schizophrenia. Based on 66 studies and 14 988 partici-
pants SGA-LAIs were clearly more effective than pla-
cebo, and they were generally as efficacious as their oral 
formulations. Certain side effects occurred less frequently 
under LAIs compared to oral antipsychotics, although 
this pattern was not fully consistent.

Some studies reported that psychiatrists prescribe 
paliperidone LAI more frequently than other LAIs51,52 
in patients who have indicators of higher severity of ill-
ness. For example, an analysis of the electronic health re-
cords of 1281 patients in London found that paliperidone 
palmitate was more likely to be prescribed in patients 
with more frequent and lengthy hospital admissions.51 
Similarly, an analysis of a Medicaid database revealed that 
clinicians were more likely to prescribe paliperidone LAI 
than aripiprazole LAI in patients with multiple hospital-
izations.52 Paliperidone could have been wrongly assumed 
to be a more effective LAI in this studies51,52 because, in 
our meta-analysis, it had the smallest effect size compared 

Outcomes No. of Participants No. of Studies SMD/MD/ OR [95%CI] Subgroup Analysis

Mortality for suicide P = .99
  Ari LAI VS Pla 963 2  0.72 [0.04; 11.49]
  Ola LAI VS Pla 404 1  0.32 [0.01; 16.30]
  Pal LAI VS Pla 2098 5  0.67 [0.12; 3.55]
  Ris LAI VS Pla 1092 3  0.50 [0.05; 4.82]

Note: Ris, risperidone; Pal, paliperidone; Ola, olanzapine; Ari, aripiprazole; PLA, placebo.
For continuous outcomes:
1.For effect-related outcomes, a negative value (−) indicates that the antipsychotic is favored over placebo.
2.For side-effect related outcomes, a negative value (−) indicates that the antipsychotic has fewer side effects than placebo.
For dichotomous outcomes:
1.For effect-related outcomes, an OR > 1 indicates that the antipsychotic is favored over placebo, for example, response rate.
2.For side-effect related outcomes, an OR < 1 indicates that the antipsychotic has fewer side effects than placebo.

Table 1. Continued
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to placebo in various efficacy outcomes. Nevertheless, we 
derived the efficacy inferiority of paliperidone from sub-
group tests vs placebo. Firm evidence of differences be-
tween LAIs can only be derived from head-to-head RCTs, 
of which very few are available. In the double-blind RCT 
by Fleischhacker et al,53 paliperidone LAI was inferior 
to risperidone LAI in acutely ill patients, but there was 
no paliperidone booster injection after eight days of 
treatment which subsequently became part of the SoPC. 
Pandina et al54 and Li et al55 confirmed the non-inferiority 

of paliperidone LAI compared to risperidone LAI, and 
there was no clear difference between aripiprazole LAI 
and paliperidone LAI in the EULAST study56 which can 
be described as a hybrid between an acute phase and re-
lapse prevention study. Aripiprazole once-monthly and 
aripiprazole 2 monthly were similarly effective in acutely 
ill patients.57 Network meta-analyses on relapse preven-
tion did also not find clear differences between the 4 LAIs 
in question.5,7,58 More head-to-head trials between LAIs 
are needed to characterize their relative efficacy.

Fig. 2. Subgroup analysis for LAIs and the same oral formulations in terms of efficacy-related outcomes.
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Fig. 3. Subgroup analysis for LAIs and the same oral formulations in terms of safetyrelated outcomes.
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Regarding drug safety compared to placebo, all SGA-
LAIs caused weight gain, which is one of the most 
common side effects of SGAs. This side effect has been at-
tributed to histamine receptor inhibition and 5-HT2A re-
ceptor inhibition.59 Blocking hypothalamic H1 receptors 
may activate AMP-activated protein kinase (AMPK), 
which is known to be a feeding regulator.60 It can also ac-
tivate AMPK-carnitine palmitoyltransferase-1 signaling, 
which is associated with caloric intake and, ultimately, 
weight gain.61 Furthermore, blockade of the 5-HT

2A
 re-

ceptor has been associated with feeding behavior62 and 
insulin resistance.63 As expected, olanzapine’s mean 
weight gain was most pronounced (3.2 kg). The numbers 
of patients with at least 7% weight gain were not signifi-
cantly different between groups. However, differences in 
the underlying rates must be considered. For example, 
28% of olanzapine-treated patients vs 12% in the placebo 
group gained weight compared to paliperidone LAI 8% 
vs 3% in its placebo groups (supplementary figure S18). 
The weighted mean relative risks were the same, RR 2.85 
for olanzapine and RR 2.9 for paliperidone (table 1), but 
olanzapine’s weight gain occurred at a higher level.

There was no clear difference between paliperidone 
LAI and risperidone LAI vs placebo in extrapyramidal 
side-effect scales and in the use of antiparkinson med-
ication. This finding is important because their oral 
formulations clearly produce more EPS than placebo.1 
Aripiprazole LAI resulted in more akathisia adverse 
events than placebo. This finding was not substantiated by 
mean scores of the Barnes Akathisia scale, but only one 
aripiprazole study64 reported Barnes Akathisia scale data 
that were useable for meta-analysis. Paliperidone LAI and 
risperidone LAI led to substantial hyperprolactinemia, 
which can cause sexual dysfunction and dys-/amenor-
rhea.65 Prolactin data were not available for olanzapine 
LAI and aripiprazole LAI. In a previous network meta-
analysis of oral antipsychotics, aripiprazole was asso-
ciated with a reduction of prolactin levels compared to 
placebo, and olanzapine led to only a small increase.1

All four LAIs were sedating, but some uncertainty re-
mained because 95% CI included a small possibility of no 
effect. There were no clear differences between LAIs and 
placebo in terms of various anticholinergic side-effects, 
QTc prolongation, and mortality.

When we compared LAIs with their oral counterparts 
by subgroup tests, the former were superior in several 
instances (figure 3): LAI formulations of aripiprazole, 
olanzapine, and paliperidone had lower extrapyramidal 
symptom rating scale scores than their oral counterparts, 
and patients on risperidone LAI needed almost less 
antiparkinsonian medication than those on oral (P = .05). 
The prolactin increase of paliperidone LAI was less pro-
nounced than that of its oral formulation, and there 
was the same trend for risperidone LAI. Aripiprazole 
LAI was associated with fewer patients reporting dry 
mouth than those receiving aripiprazole orally, and fewer 

olanzapine LAI-treated patients experienced at least one 
anticholinergic side effect. These results may be due to 
the smaller peak-to-trough fluctuations and more stable 
plasma concentrations of LAIs compared to oral formu-
lations.12,66–68 Moreover, as LAIs avoid the first-pass effect 
in the liver, lower actual doses of LAIs compared to oral 
medication10 may be needed for the same bioavailability 
and efficacy, and this effect may result in fewer side ef-
fects.69 It is, however, also possible that the doses of the 
LAIs were actually lower than those of their oral coun-
terparts. Pharmaceutical companies try to produce LAI 
doses that are equivalent to oral doses, but these relation-
ships are not straightforward and can, for example, de-
pend on the injection site (gluteal vs deltoid), frequency 
of injections (eg, 2 weekly or 4 weekly) and vehicle me-
dium.10 It is also important to mention that weight gain 
did not differ between LAIs and orals, and that except for 
prolactin increase, sexual side-effects such as amenorrhea 
were rarely reported and not analyzed by us.

These results should be interpreted with the following 
limitations. First, there was one exception to the rule in 
that aripiprazole LAI had a higher risk of akathisia com-
pared to placebo than oral. The validity of this finding is 
unclear because, in the single head-to-head comparison 
of aripiprazole LAI and oral, the trend was in the other 
direction (more akathisia with oral).50 Second, regarding 
efficacy, subgroup tests via placebo only provide indirect 
evidence; and the number of LAI studies was usually 
much smaller than that of the oral compounds. We could 
not conduct a sensitivity analysis at six to eight weeks for 
side effects because, in the LAI studies, these outcomes 
were only measured at the endpoint, which was usually 
13 weeks. It is known that patients can get accustomed 
to their medications over time. Thus, given the longer 
duration of the LAI studies, fewer adverse effects may 
have been reported at endpoint. This issue is more likely 
in continuous outcomes such as scale-rated EPS and pro-
lactin because they are measured at baseline and at end-
point. In contrast, side effects reported as adverse events 
usually occur early after the initiation of treatment. 
Third, ideally, there would be a large, randomized study 
including all SGAs (LAIs and oral), but it is unlikely 
that such a study could be conducted. A step forward 
could be a network meta-analysis, but it would mainly be 
star-shaped, using a placebo as a common comparator. 
Fourth, we only considered randomized-controlled-trials, 
the participants of which can differ substantially from 
those of real-world registry studies.70 Fifth, we did not in-
clude studies from the mainland of China because it has 
been shown that most of them are not adequately ran-
domized.71 Usually, Chinese publications are very short, 
making it difficult to judge their quality.28–30 Sixth, there 
was no study in acutely ill first-episode patients which 
limits generalizability. In this important subgroup with 
little previous drug exposure, severe side effects which re-
quire immediate cessation, such as neuroleptic malignant 
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syndrome72 or priapism may be an even greater concern 
than in chronic patients.

Despite its limitations, the present study provides clin-
icians with important information on the effects of LAIs 
in acute schizophrenia. In clinical practice, the early use 
of LAIs offers an option with less volatility of peak and 
trough levels which could eventually lead to fewer ad-
verse effects compared to their oral equivalents, but this 
needs to be confirmed by head-to-head comparisons. 
Finally, LAIs may bridge the often-difficult initial treat-
ment phase when patients are especially skeptical of their 
treatment.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.

Acknowledgments

We would like to express our sincere gratitude to Mr.Liam 
H from the Technical University of Munich for proof-
reading the manuscript. DW would also like to acknowl-
edge the China Scholarship Council (CSC) for providing 
his exchange scholarship for his doctorate study at the 
Technical University of Munich.
Conflicts of interests: In the last 3 years, Stefan Leucht 
has received honoraria as a consultant and/or advisor 
and/or for lectures and/or for educational material from 
Alkermes, Angelini, Eisai, Gedeon Richter, Janssen, 
Lundbeck, Medichem, Medscape, Merck Sharpp and 
Dome, Mitshubishi, Neurotorium, NovoNordisk, 
Otsuka, Recordati, Roche, Rovi, Sanofi Aventis, TEVA. 
The other authors have no conflict to declare.

Funding

This work was supported by The National Natural Science 
Foundation of China (grant number: 82161138021) 
and the German Research Foundation (Deutsche 
Forschungsgemeinschaft grant number: 468853597).

Author Contribution

DW, AK, SD, HW, and YZ screened the articles and ex-
tracted data. DW, JST, and SS did the statistical analysis. 
DW drafted the article. Profs Leucht, Priller, and Davis 
critically revised the article.

References

 1. Huhn M, Nikolakopoulou A, Schneider-Tho J, et al. 
Comparative efficacy and tolerability of 32 oral anti-
psychotics for the acute treatment of adults with multi-episode 

schizophrenia: a systematic review and network meta-
analysis. Lancet. 2019;394(10202):939–951.

 2. Garcia S, Martinez-Cengotitabengoa M, Lopez-Zurbano S, 
et al. Adherence to antipsychotic medication in bipolar dis-
order and schizophrenic patients: a systematic review. J Clin 
Psychopharmacol. 2016;36(4):355–371.

 3. Lacro JP, Dunn LB, Dolder CR, Jeste DV. Prevalence of and 
risk factors for medication nonadherence in patients with 
schizophrenia: a comprehensive review of recent literature. J 
Clin Psychiatry. 2002;63(10):15489.

 4. Higashi K, Medic G, Littlewood KJ, Diez T, Granström O, 
De Hert M. Medication adherence in schizophrenia: factors 
influencing adherence and consequences of nonadherence, 
a systematic literature review. Ther Adv Psychopharmacol. 
2013;3(4):200–218.

 5. Schneider-Thoma J, Chalkou K, Dörries C, et al. Comparative 
efficacy and tolerability of 32 oral and long-acting inject-
able antipsychotics for the maintenance treatment of adults 
with schizophrenia: a systematic review and network meta-
analysis. Lancet. 2022;399(10327):824–836.

 6. Kishimoto T, Hagi K, Kurokawa S, Kane JM, Correll CU. 
Long-acting injectable versus oral antipsychotics for the 
maintenance treatment of schizophrenia: a systematic review 
and comparative meta-analysis of randomised, cohort, and 
pre–post studies. Lancet Psychiatry. 2021;8(5):387–404.

 7. Ostuzzi G, Bertolini F, Tedeschi F, et al. Oral and long‐acting 
antipsychotics for relapse prevention in schizophrenia‐spec-
trum disorders: a network meta‐analysis of 92 random-
ized trials including 22,645 participants. World Psychiatry. 
2022;21(2):295–307.

 8. Iyer S, Banks N, Roy M-A, et al. A qualitative study of ex-
periences with and perceptions regarding long-acting in-
jectable antipsychotics: part I—patient perspectives. Can J 
Psychiatry. 2013;58(5_suppl):14–22.

 9. Kenakin T. A Pharmacology Primer: Theory, Applications, 
and Methods. Elsevier; 2009: 189–202.

 10. Correll CU, Kim E, Sliwa JK, et al. Pharmacokinetic char-
acteristics of long-acting injectable antipsychotics for schizo-
phrenia: an overview. CNS Drugs. 2021;35(1):39–59.

 11. Spanarello S, Ferla TL. The pharmacokinetics of 
long-acting antipsychotic medications. Curr Clin Pharmacol. 
2014;9(3):310–317.

 12. Sheehan JJ, Reilly KR, Fu D-J, Alphs L. Comparison of 
the peak-to-trough fluctuation in plasma concentration of 
long-acting injectable antipsychotics and their oral equiva-
lents. Innov Clin Neurosci. 2012;9(7-8):17–23.

 13. Huang C-Y, Fang S-C, Shao Y-HJ. Comparison of long-acting 
injectable antipsychotics with oral antipsychotics and suicide 
and all-cause mortality in patients with newly diagnosed schizo-
phrenia. JAMA Netw Open. 2021;4(5):e218810–e218810.

 14. Leucht C, Heres S, Kane JM, Kissling W, Davis JM, Leucht 
S. Oral versus depot antipsychotic drugs for schizophrenia—a 
critical systematic review and meta-analysis of randomised 
long-term trials. Schizophr Res. 2011;127(1-3):83–92.

 15. Lin C-H, Chan H-Y, Wang F-C, Hsu C-C. Time to 
rehospitalization in involuntarily hospitalized individuals 
suffering from schizophrenia discharged on long-acting in-
jectable antipsychotics or oral antipsychotics. Ther Adv 
Psychopharmacol. 2022;12:20451253221079165.

 16. Poloni N, Ielmini M, Caselli I, et al. Oral antipsychotic versus 
long-acting injections antipsychotic in schizophrenia spec-
trum disorder: a mirror analysis in a real-world clinical set-
ting. Psychopharmacol Bull. 2019;49(2):17.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/s

c
h
b
u
l/s

b
a
d
0
8
9
/7

2
0
5
6
1
5
 b

y
 U

n
iv

e
rs

ity
 o

f N
o
rth

 C
a
ro

lin
a
 a

t C
h
a
p
e
l H

ill u
s
e
r o

n
 2

8
 J

u
n
e
 2

0
2
3



Page 12 of 13

D. Wang et al

 17. Wei Y, Yan VK, Kang W, et al. Association of long-acting 
injectable antipsychotics and oral antipsychotics with disease 
relapse, health care use, and adverse events among people 
with schizophrenia. JAMA Netw Open. 2022;5(7):e2224163
–e2224163.

 18. Misawa F, Kishimoto T, Hagi K, Kane JM, Correll CU. 
Safety and tolerability of long-acting injectable versus oral 
antipsychotics: a meta-analysis of randomized controlled 
studies comparing the same antipsychotics. Schizophr Res. 
2016;176(2-3):220–230.

 19. Ostuzzi G, Bighelli I, So R, Furukawa TA, Barbui C. Does 
formulation matter? A systematic review and meta-analysis 
of oral versus long-acting antipsychotic studies. Schizophr 
Res. 2017;183:10–21.

 20. Lin D, Thompson-Leduc P, Ghelerter I, et al. Real-world 
evidence of the clinical and economic impact of long-acting 
injectable versus oral antipsychotics among patients with 
schizophrenia in the United States: a systematic review and 
meta-analysis. CNS Drugs. 2021;35(5):469–481.

 21. Kane JM, Schooler NR, Marcy P, et al. Effect of long-acting 
injectable antipsychotics vs usual care on time to first hospi-
talization in early-phase schizophrenia: a randomized clinical 
trial. JAMA Psychiatry. 2020;77(12):1217–1224.

 22. Lian L, Kim DD, Procyshyn RM, Cázares D, Honer WG, 
Barr AM. Long-acting injectable antipsychotics for early 
psychosis: a comprehensive systematic review. PLoS One. 
2022;17(4):e0267808.

 23. Correll CU, Citrome L, Haddad PM, et al. The use of 
long-acting injectable antipsychotics in schizophrenia: 
evaluating the evidence. J Clin Psychiatry. 2016;77(suppl 
3):1–24.

 24. Marcus SC, Olfson M. Outpatient antipsychotic treat-
ment and inpatient costs of schizophrenia. Schizophr Bull. 
2008;34(1):173–180.

 25. Hutton B, Salanti G, Caldwell DM, et al. The PRISMA 
extension statement for reporting of systematic reviews 
incorporating network meta-analyses of health care inter-
ventions: checklist and explanations. Ann Intern Med. 
2015;162(11):777–784.

 26. Rodolico A, Siafis S, Bighelli I, et al. Antipsychotic 
dose reduction compared to dose continuation for 
people with schizophrenia. Cochrane Database Syst Rev. 
2022;11(11):CD014384–CD014384.

 27. Egger M, Zellweger-Zähner T, Schneider M, Junker C, 
Lengeler C, Antes G. Language bias in randomised con-
trolled trials published in English and German. Lancet. 
1997;350(9074):326–329.

 28. Tong Z, Li F, Ogawa Y, Watanabe N, Furukawa TA. Quality 
of randomized controlled trials of new generation antidepres-
sants and antipsychotics identified in the China National 
Knowledge Infrastructure (CNKI): a literature and telephone 
interview study. BMC Med Res Methodol. 2018;18(1):1–11.

 29. Parry J. China vows to clamp down on academic fraud amid 
medical journal scandal. BMJ. 2017;357:j2970–j2970.

 30. Leucht S, Li C, Davis JM, Bighelli I, Zhu Y, Furukawa TA. 
About the issue of including or excluding studies from China 
in systematic reviews. Schizophr Res. 2022;240:162–163.

 31. Smail-Faugeron V, Tan A, Caille A, et al. Meta-analyses fre-
quently include old trials that are associated with a larger 
intervention effect: a meta-epidemiological study. J Clin 
Epidemiol. 2022:145:144–153.

 32. Leucht S, Leucht C, Huhn M, et al. Sixty years of 
placebo-controlled antipsychotic drug trials in acute 

schizophrenia: systematic review, Bayesian meta-analysis, 
and meta-regression of efficacy predictors. Am J Psychiatry. 
2017;174(10):927–942.

 33. Janzen D, Bolton J, fan Kuo I, Leong C, Alessi-Severini S. 
Trends in the use of long-acting injectable antipsychotics in 
the province of Manitoba, Canada. J Clin Psychopharmacol. 
2020;40(1):6–13.

 34. Announcements D. National Library of Medicine. www.
dailymed.nlm.nih.gov.

 35. Gardner DM, Murphy AL, O’Donnell H, Centorrino F, 
Baldessarini RJ. International consensus study of anti-
psychotic dosing. Am J Psychiatry. 2010;167(6):686–693.

 36. Higgins JP, Thomas J, Chandler J, et al. 6.5.2.10 Combining 
groups. Cochrane Handbook for Systematic Reviews of 
Interventions. John Wiley & Sons; 2019.

 37. Leucht S, Crippa A, Siafis S, Patel MX, Orsini N, Davis JM. 
Dose-response meta-analysis of antipsychotic drugs for acute 
schizophrenia. Am J Psychiatry. 2020;177(4):342–353.

 38. Kay SR, Fiszbein A, Opler LA. The positive and negative 
syndrome scale (PANSS) for schizophrenia. Schizophr Bull. 
1987;13(2):261–276.

 39. Overall JE, Gorham DR. The Brief  Psychiatric Rating Scale 
(BPRS): recent developments in ascertainment and scaling. 
Psychopharmacol Bull. 1988:24:97–99.

 40. Williams JB. A structured interview guide for the 
Hamilton Depression Rating Scale. Arch Gen Psychiatry. 
1988;45(8):742–747.

 41. Davidson J, Turnbull CD, Strickland R, Miller R, Graves K. 
The Montgomery‐Åsberg Depression Scale: reliability and 
validity. Acta Psychiatr Scand. 1986;73(5):544–548.

 42. Heinrichs DW, Hanlon TE, Carpenter WT, Jr. The Quality of 
Life Scale: an instrument for rating the schizophrenic deficit 
syndrome. Schizophr Bull. 1984;10(3):388–398.

 43. Hall RC. Global assessment of functioning: a modified scale. 
Psychosomatics. 1995;36(3):267–275.

 44. Chouinard G. The extrapyramidal symptoms rating scale. 
Can J Neurol Sci. 1980;7:233–244.

 45. Inada T. Evaluation and Diagnosis of Drug-induced 
Extrapyramidal Symptoms. Commentary on the DIEPSS and 
Guide to Its Usage. Tokyo: Seiwa Shoten. 1996: 11–60.

 46. Simpson G, Angus J. A rating scale for extrapyramidal side 
effects. Acta Psychiatr Scand. 1970;45(S212):11–19.

 47. Barnes TR. A rating scale for drug-induced akathisia. Br J 
Psychiatry. 1989;154(5):672–676.

 48. Schwarzer G. meta: an R package for meta-analysis. R News. 
2007;7(3):40–45.

 49. Nasser AF, Henderson DC, Fava M, et al. Efficacy, safety, 
and tolerability of RBP-7000 once-monthly risperidone for 
the treatment of acute schizophrenia: an 8-week, random-
ized, double-blind, placebo-controlled, multicenter phase 3 
study. J Clin Psychopharmacol. 2016;36(2):130–140.

 50. Xiao L, Zhao Q, A-n Li, et al. Efficacy and safety of 
aripiprazole once-monthly versus oral aripiprazole in Chinese 
patients with acute schizophrenia: a multicenter, randomized, 
double-blind, non-inferiority study. Psychopharmacology. 
2022;239(1):243–251.

 51. Patel R, Chesney E, Taylor M, Taylor D, McGuire P. 
Is paliperidone palmitate more effective than other 
long-acting injectable antipsychotics? Psychol Med. 
2018;48(10):1616–1623.

 52. Cai Q, Patel C, Kim E, Connolly N, Tunceli O, El Khoury 
AC. Factors associated with the initiation of long-acting 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/s

c
h
b
u
l/s

b
a
d
0
8
9
/7

2
0
5
6
1
5
 b

y
 U

n
iv

e
rs

ity
 o

f N
o
rth

 C
a
ro

lin
a
 a

t C
h
a
p
e
l H

ill u
s
e
r o

n
 2

8
 J

u
n
e
 2

0
2
3



Page 13 of 13

Long-Acting Injectable Second-Generation Antipsychotics for Acute Schizophrenia

injectable paliperidone palmitate versus aripiprazole among 
Medicaid patients with schizophrenia: an observational 
study. Adv Ther. 2019;36(4):858–869.

 53. Fleischhacker WW, Gopal S, Lane R, et al. A randomized 
trial of paliperidone palmitate and risperidone long-acting 
injectable in schizophrenia. Int J Neuropsychopharmacol. 
2012;15(1):107–118.

 54. Pandina G, Lane R, Gopal S, et al. A double-blind study of 
paliperidone palmitate and risperidone long-acting injectable 
in adults with schizophrenia. Prog Neuropsychopharmacol 
Biol Psychiatry. 2011;35(1):218–226.

 55. Li H, Rui Q, Ning X, Xu H, Gu N. A comparative study of 
paliperidone palmitate and risperidone long-acting injectable 
therapy in schizophrenia. Prog Neuropsychopharmacol Biol 
Psychiatry. 2011;35(4):1002–1008.

 56. Winter-van Rossum I, Weiser M, Galderisi S, et al; EULAST 
Study Group. Efficacy of oral versus long-acting antipsychotic 
treatment in patients with early-phase schizophrenia in 
Europe and Israel: a large-scale, open-label, randomised trial 
(EULAST). Lancet Psychiatry. 2023;10(3):197–208.

 57. Nasrallah HA, Weiden PJ, Walling DP, et al. Aripiprazole 
lauroxil 2-month formulation with 1-day initiation in patients 
hospitalized for an acute exacerbation of schizophrenia: explora-
tory efficacy and patient-reported outcomes in the randomized 
controlled ALPINE study. BMC Psychiatry. 2021;21(1):1–13.

 58. Ostuzzi G, Bertolini F, Del Giovane C, et al. Maintenance 
treatment with long-acting injectable antipsychotics for 
people with nonaffective psychoses: a network meta-analysis. 
Am J Psychiatry. 2021;178(5):424–436.

 59. Siafis S, Tzachanis D, Samara M, Papazisis G. Antipsychotic 
drugs: from receptor-binding profiles to metabolic side ef-
fects. Curr Neuropharmacol. 2018;16(8):1210–1223.

 60. He M, Deng C, Huang X-F. The role of hypothalamic H1 
receptor antagonism in antipsychotic-induced weight gain. 
CNS Drugs. 2013;27(6):423–434.

 61. Antel J, Hebebrand J. Weight-reducing side effects of the 
antiepileptic agents topiramate and zonisamide. Appetite 
Control. 2012;209:433–466.

 62. Sugimoto Y, Yoshikawa T, Yamada J. Effects of periph-
eral administration of 5-hydroxytryptamine (5-HT) on 

2-deoxy-D-glucose-induced hyperphagia in rats. Biol Pharm 
Bull. 2002;25(10):1364–1366.

 63. Tulipano G, Rizzetti C, Bianchi I, Fanzani A, Spano P, Cocchi 
D. Clozapine-induced alteration of glucose homeostasis in 
the rat: the contribution of hypothalamic-pituitary-adrenal 
axis activation. Neuroendocrinology. 2007;85(2):61–70.

 64. Kane JM, Peters-Strickland T, Baker RA, et al. Aripiprazole 
once-monthly in the acute treatment of schizophrenia: find-
ings from a 12-week, randomized, double-blind, placebo-
controlled study. J Clin Psychiatry. 2014;75(11):1254–1260.

 65. Edinoff AN, Nix CA, Fort JM, et al. Sexual dysfunction in 
schizophrenia: a narrative review of the mechanisms and clin-
ical considerations. Psychiatry Int. 2022;3(1):29–42.

 66. Taylor D. Psychopharmacology and adverse effects of anti-
psychotic long-acting injections: a review. Br J Psychiatry. 
2009;195(S52):s13–s19.

 67. Samtani M, Haskins J, Alphs L, Sliwa J, Stuyckens K, Herben 
V, Vermeulen A. Maintenance dosing of once-monthly 
(4-weekly) paliperidone palmitate in schizophrenia: pharma-
cokinetic rationale based on population simulations. Paper 
presented at: Annual Meeting of the College of Psychiatric 
and Neurologic Pharmacists; 2009: 19–20.

 68. Berwaerts J, Cleton A, Rossenu S, et al. A comparison of serum 
prolactin concentrations after administration of paliperidone 
extended-release and risperidone tablets in patients with 
schizophrenia. J Psychopharmacol. 2010;24(7):1011–1018.

 69. McEvoy JP. Risks versus benefits of different types of 
long-acting injectable antipsychotics. J Clin Psychiatry. 
2006;67(suppl 5):15–18.

 70. Taipale H, Schneider-Thoma J, Pinzón-Espinosa J, et al. 
Representation and outcomes of individuals with schizo-
phrenia seen in everyday practice who are ineligible for ran-
domized clinical trials. JAMA Psychiatry. 2022;79(3):210–218.

 71. Woodhead M. 80% of China’s Clinical Trial Data are 
Fraudulent, Investigation Finds. British Medical Journal 
Publishing Group (Online); 2016:355.

 72. Guinart D, Misawa F, Rubio JM, et al. Outcomes of neuroleptic 
malignant syndrome with depot versus oral antipsychotics: a 
systematic review and pooled, patient-level analysis of 662 
case reports. J Clin Psychiatry. 2020;82(1):13591.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/s
c
h
iz

o
p
h
re

n
ia

b
u
lle

tin
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/s

c
h
b
u
l/s

b
a
d
0
8
9
/7

2
0
5
6
1
5
 b

y
 U

n
iv

e
rs

ity
 o

f N
o
rth

 C
a
ro

lin
a
 a

t C
h
a
p
e
l H

ill u
s
e
r o

n
 2

8
 J

u
n
e
 2

0
2
3


