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Summary
Background Evidence of comparative benefits of long-acting injectable antipsychotics (LAIs) versus oral antipsychotics 
for schizophrenia has been inconsistent across study designs. The aim of this study was to evaluate the comparative 
benefits of LAIs versus oral antipsychotics in three study designs to inform clinical decision making.

Methods We did a comprehensive systematic review and meta-analysis comparing LAIs versus oral antipsychotics for 
schizophrenia covering three study designs: randomised controlled trials (RCTs), cohort studies, and pre–post studies. 
Our literature search was without language restrictions, in MEDLINE and PubMed, the Cochrane Library, Scopus, 
and Embase, for studies published from database inception up to a last search on March 13, 2020. We also searched 
for unpublished studies and ClinicalTrials.gov. We included studies lasting at least 6 months that targeted adults with 
schizophrenia and related disorders (>80% of participants). Studies on penfluridol (neither an LAI or daily oral 
antipsychotic), case reports, and case series with fewer than 20 patients were excluded. Two investigators independently 
extracted study-level data and resolved disagreement by consensus, or via a third investigator. Study authors were 
contacted to obtain additional information as needed. For our primary outcome we meta-analysed the risk ratio (RR) 
for hospitalisation or relapse with LAIs versus oral antipsychotics by a random-effects model, with hospitalisation 
used preferentially over relapse. As secondary analyses, we reversed the preferential order to relapse over 
hospitalisation, and assessed hospitalisation risk and relapse risk individually. Other secondary outcomes included all 
meta-analysable data, classed by relevance to effectiveness, efficacy, safety, quality of life, cognitive function, and other 
outcomes, and analysed by study design. Dichotomous outcomes were expressed as pooled RR and continuous 
outcomes as standardised mean difference (SMD). The protocol is registered with PROSPERO (CRD42019142094).

Findings We identified 14 687 records, of which 137 studies (397 319 patients) met the inclusion criteria (32 RCTs 
[23·4%; 8577 patients], 65 cohort studies [47·4%; 377 447 patients], and 40 pre–post studies [29·2%; 11 295 patients]) 
and were analysed. The quality of studies in terms of risk of bias varied across study designs and within each study 
design from low to high. LAIs were associated with a lower risk of hospitalisation or relapse than oral antipsychotics in 
each of the three study designs (RCTs: 29 studies, 7833 patients, RR 0·88 [95% CI 0·79–0·99], p=0·033; cohort studies: 
44 studies, 106 136 patients, RR 0·92 [0·88–0·98], p=0·0044; pre–post studies: 28 studies, 17 876 patients, RR 0·44 
[0·39–0·51], p<0·0001). This association was maintained across the study designs when we reversed the preferential 
order to risk of relapse over hospitalisation, and in individual analysis of hospitalisation risk. The association was 
maintained only in pre–post studies for relapse risk alone. In all other outcomes related to effectiveness, efficacy, 
safety, quality of life, cognitive function, and other outcomes, LAIs were more beneficial than oral antipsychotics in 
60 (18·3%) of 328 comparisons, not different in 252 (76·8%) comparisons, and less beneficial in 16 (4·9%) comparisons 
when analysed by study design. Significant heterogeneity was observed across all three study designs. Publication 
biases were apparent in cohort and pre-post studies, but effect sizes were similar after trim-and-fill analyses.

Interpretation Although study designs have strengths and weaknesses, including potential low quality of observational 
studies, we consistently identified significant benefit with LAIs versus oral antipsychotics in preventing hospitalisation 
or relapse, in settings ranging from restricted research (RCTs) to real-word application (cohort and pre–post studies). 
Our findings suggest that increased clinical use of LAIs could improve outcomes in schizophrenia.

Funding None.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Schizophrenia is a mental disorder generally characterised 
by repeated relapses and worsening of psychopathology 

and social functioning.1 Although some patients recover 
well, to a point of mild or no symptoms, adequate self 
care, and daily functioning, this subgroup is a small 
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minority.2 Antipsychotics are efficacious for relapse 
prevention in patients with multiple-episode and 
first-episode schizophrenia,3–5 providing a 2–6-times 
reduced risk of relapse versus no antipsychotic 
treatment.3–6

Non-adherence to antipsychotic treatment is frequently 
observed in patients with schizophrenia7–9 with a 
significantly increased risk of relapse.10 Adherence to 
medication might be improved by use of long-acting 
injectable antipsychotics (LAIs), which facilitate ad
herence by reducing dosing frequency, offering reliable 
medication delivery and stable pharmacokinetics, and 
allowing regular monitoring of administration.11 However, 
previous studies comparing the effectiveness of LAIs and 
oral antipsychotics for schizophrenia have reported 
inconsistent outcomes.

Our previous meta-analysis of randomised controlled 
trials (RCTs), as the largest in recent years comparing 
LAIs versus oral antipsychotics, did not find a significant 

difference between LAIs and oral antipsychotics in 
preventing relapse or hospitalisation, or in secondary 
outcomes related to relapse, including drug inefficacy, 
all-cause discontinuation, and non-adherence.12 Con
versely, subsequent meta-analyses of pre–post studies 
and cohort studies showed that LAIs were associated 
with significantly lower risk of hospitalisation or relapse 
than oral antipsychotics.13,14

We did an updated systematic review and meta-
analysis of RCTs, pre–post studies, and cohort studies 
that compared LAIs and oral antipsychotics in people 
with schizophrenia. Each of these study designs has 
strengths and weaknesses. For example, RCTs are 
regarded as the highest standard in terms of evidence, 
but might overly influence the ecology of care and 
include the most adherent patients who are unlikely to 
be given LAIs in real-world settings. Conversely, in 
cohort and pre–post studies, patients are not randomly 
assigned, and data are based on real-world application 

Research in context

Evidence before this study
To search for previous relevant reviews and meta-analyses, 
we did a literature search without language restrictions in 
MEDLINE and PubMed, the Cochrane Library, Scopus, 
and Embase, for studies published from database inception up 
to March 13, 2020. Search terms included synonyms of 
(1) antipsychotic(s); (2) schizophrenia and related disorders, 
(3) randomised; and (4) depot, (long-acting) injection(s), 
microsphere, decanoate, palmitate, and enanthate. 
Five relevant meta-analyses among 902 reviews or meta-
analyses, including our three previous meta-analyses, were 
identified. Our three previous, design-specific meta-analyses of 
randomised controlled trials (RCTs), cohort studies, 
and pre–post studies found inconsistent results regarding the 
comparative effectiveness of long-acting injectable 
antipsychotics (LAIs) and oral antipsychotics depending on 
study design. LAIs showed no significant difference to oral 
antipsychotics regarding relapse or hospitalisation outcomes in 
RCTs. Conversely, in cohort and pre–post studies, closer to 
real-world clinical settings, LAIs were significantly better than 
oral antipsychotics in preventing relapse or hospitalisation. 
Regarding potential harms, a meta-analysis of RCTs published 
between 2000 and 2015 reported that LAIs were associated 
with a greater risk of extrapyramidal syndrome and prolactin-
related symptoms. However, that analysis did not take into 
account differences in the specific antipsychotics used in the LAI 
and oral antipsychotic groups, with 12 of 15 meta-analysed 
RCTs utilising risperidone in the LAI formulation, a drug known 
to be associated with extrapyramidal syndrome and prolactin 
elevation. Conversely, a meta-analysis of 16 RCTs published 
between 1975 and 2015, in which the same antipsychotic was 
used in the LAI and oral antipsychotic groups, found no 
difference in 115 of the 119 reported adverse effects between 
LAIs and oral antipsychotics, with a higher incidence of akinesia, 

low-density lipoprotein cholesterol increase, and anxiety with 
LAIs than oral antipsychotics, but lower prolactin increase with 
LAIs. Since these meta-analyses, a substantial number of RCTs, 
cohort, and pre–post studies have been published, and the 
meta-analysis results have been not updated.

Added value of this study
To the best of our knowledge, this meta-analysis is the first to 
have included all available evidence on LAIs versus oral 
antipsychotics across RCT, cohort, and pre–post study designs, 
from studies lasting 6 months or longer in patients with 
schizophrenia and related disorders. Compared with previous 
meta-analyses targeting each study design separately, 
this analysis included at least 1·5 times the number of studies, 
and all meta-analysable outcomes were evaluated. Although 
the summary effect sizes were small in RCTs and cohort studies, 
LAIs showed a consistent benefit over oral antipsychotics in all 
study designs regarding hospitalisation or relapse, and in many 
other outcomes related to efficacy and effectiveness. 
LAIs showed no significant difference from oral antipsychotics 
regarding most adverse events. However, results should be 
considered in view of the strengths and weaknesses of the 
study designs, the potentially low quality of observational 
studies, and heterogeneous adverse event reporting across 
studies.

Implications of all the available evidence
This updated analysis of RCTs and other study designs 
consistently showed the risk benefit of LAIs in preventing 
hospitalisation or relapse. Results might be especially 
meaningful for the population at high risk of non-adherence, 
for whom recent RCTs were able to show a benefit of LAIs in 
preventing hospitalisation or relapse. Taken together, 
the results suggest increased use of LAIs in clinical practice 
should be considered.
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of LAIs. However, in cohort studies, patients receiving 
LAIs are more likely to be severely ill, leading to a 
selection bias that disadvantages LAIs, and in pre–post 
studies, expectation bias and regression to mean values 
might preferentially advantage LAIs. Therefore, an 
overview of a wide range of evidence is important to 
thoroughly examine the benefits of LAIs versus oral 
antipsychotics.

Methods
Search strategy and selection criteria
Our systematic review and meta-analysis followed 
PRISMA guidelines.15 We did a search without language 
restrictions, using MEDLINE and PubMed, the Cochrane 
Library, Scopus, and Embase, for studies published from 
database inception up to a last search on March 13, 2020. 
We also searched for unpublished studies, such 
as conference proceedings on the aforementioned 
databases and on the ClinicalTrials.gov registry. Search 
terms included synonyms of antipsychotic(s) AND 
schizophrenia and related disorders AND depot (long-
acting) injection(s), microsphere, decanoate, palmitate, 
enanthate, and monohydrate (full search terms provided 
in appendix 8 [p 81]). Reference lists of relevant 
publications were also searched. When multiple reports 
referred to the same study or overlapping patient 
populations (eg, nationwide cohort studies with different 
publication years, but overlapping study years), we 
included the newer or larger study. Two independent 
investigators (among TK, KH, and SK) did the literature 
searches. Titles and abstracts of the retrieved citations 
were screened to identify potentially eligible publications. 
In a first broad screening step, citations were excluded if 
clearly irrelevant; that is, if a publication was not a study 
in patients with schizophrenia, or if a publication was 
not a study in which LAIs and oral antipsychotics were 
compared. In a second screening step, the full set of 
eligibility criteria was applied. Potentially relevant 
articles were then screened as full texts. Disagreement 
was resolved by consensus or via a third investigator. 
Summary estimate data from each study were extracted 
independently by two investigators (among TK, KH, and 
SK). Data were extracted into Excel sheets. The 
data extraction sheets were then compared and 
inconsistencies resolved by consensus or via a third 
investigator. TK, KH, and SK are fluent in Japanese and 
English. JK is fluent in English, and CC is fluent 
in German, English, and Spanish, and these reviewers 
became involved in data extraction for relevant language 
studies identified. Articles written in a language not fully 
understood by the authors were translated by bilingual 
speakers, and data extraction was confirmed with Google 
translate. Authors were contacted for unreported 
information as needed. Duplicate reports were identified 
throughout the review process by study name, 
trial number, methodology, and specific patient 
characteristics, and excluded.

We selected randomised, cohort, and pre–post studies 
comparing LAIs with oral antipsychotics in adults (age 
≥18 years) with schizophrenia and related disorders. As 
we aimed to focus on the comparative long-term effects 
of LAIs and oral antipsychotics, we included studies 
lasting at least 6 months for RCTs and cohort studies. 
For pre–post studies, we included studies that followed 
patients for at least 12 months (≥6 months each with 
LAI and oral antipsychotic). We excluded studies 
in which more than 20% of patients had a 
non-schizophrenia spectrum disorder. Additionally, we 
planned to exclude studies on penfluridol, a once 
weekly oral antipsychotic, considering it is neither an 
LAI or daily oral antipsychotic. We also planned to 
exclude case reports and case series with fewer than 
20 patients.

Data analysis
To characterise each study, we extracted all general 
information (study reference, publication year, country, 
sponsor, number of patients, setting at time of 
recruitment, blinding status, mean age, percent men, 
percent of white participants, trial duration, study 
hypothesis, duration of illness, mean Positive and 
Negative Syndrome Scale or Brief Psychiatric Rating 
Scale-total score at baseline, patient inclusion criteria, 
name of LAIs and oral antipsychotics, and mean 
antipsychotic dose). We extracted outcomes on hos
pitalisation, relapse, effectiveness, efficacy, cognitive 
function, quality of life, individual adverse event, and 
other miscellaneous outcomes (appendix 8, pp 82−85).

The primary outcome was prevention of hospitalisation 
or relapse, presented in this study in terms of 
hospitalisation or relapse risk. We preferentially used 
hospitalisation over relapse, but whenever a study did 
not report on hospitalisation we used relapse. We 
excluded studies from the primary analysis if they did 
not report on hospitalisation or relapse. In secondary 
analyses we reversed the preferential order to relapse 
over hospitalisation, and individually assessed hos
pitalisation risk and relapse risk. Other sec
ondary outcomes included study discontinuation, 
hospitalisation days, hospitalisation rate, psychopath
ology scale scores, adverse events, laboratory para
meters, and other meta-analysable outcomes, a full list 
of which is in the appendix 8 (pp 82−85). These 
secondary outcomes were classed by relevance to 
effectiveness, efficacy, adverse events, quality of life, 
cognitive function, or other outcomes. For these 
outcomes, we extracted data from the endpoint of each 
study. Outcomes we deemed most clinically relevant are 
presented herein and other outcomes reported in 
appendix 8 (pp 36–46).

All data were double-entered into and meta-analysed 
with Comprehensive Meta-Analysis software (version 3; 
BioStat) according to a random-effects model.16 We 
expressed dichotomous outcomes as pooled risk ratio 

See Online for appendix 8
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(RR), and continuous outcomes as standardised mean 
difference (SMD) using the inverse variance method. 
RR and SMD values were reported with their 95% CIs. 
RR values less than 1, and SMDs less than 0 for efficacy 
outcomes, were considered to indicate relative benefit 
with LAIs if the effect was significant (p<0·05). 
Conversely, RR values greater than 1, and SMDs greater 
than 0 for efficacy outcomes, were considered to 
indicate relative benefit with oral antipsychotics if the 
effect was significant (p<0·05). If LAIs did not 
significantly separate from oral antipsychotics (p≥0.05), 
this indicated no difference. In some instances, the 
originally scaled outcome differed from all others, in 
that a higher RR represented a beneficial outcome 
with LAIs versus oral antipsychotics (eg, improved 
adherence indicated by an increased number of 
outpatient office visits, day-clinic visits, or pharmacy 
visits; or improved quality of life indicated by increased 
scores). In these instances, for consistency, we rescaled 
the outcome, so that benefit was indicated by an RR 
lower than 1 and an SMD lower than 0. Hospitalisation 
or relapse risk was computed as the number of patients 
who had at least one hospitalisation or relapse divided 
by the number of patients at risk. The RR was then 
calculated as the ratio of risk for LAIs versus oral 

antipsychotics. We also assessed clinical benefit and 
harm of LAIs for schizophrenia, using number needed 
to treat for an additional beneficial outcome (NNTB) 
and number needed to treat for an additional harmful 
outcome (NNTH; with 95% CIs) when the RR for that 
outcome was statistically significant. We explored 
between-study heterogeneity using the χ² test of 
homogeneity and I² statistics, with a p value of less 
than 0·05 and I² greater than 50% taken to indicate 
significant heterogeneity. All analyses were two-tailed 
with an α of 0·05. No adjustments were made to 
p values for the multiple comparisons; therefore, 
the p values should be interpreted with caution. 
Additionally, we did subgroup analyses, meta-
regression analyses, and multivariable meta-regression 
analyses based on the primary outcome (appendix 8 
p 48).

For RCTs, risk of bias in all studies was evaluated in 
accordance with the Cochrane Collaboration’s tool for 
assessing risk of bias,17 with regard to adequacy of 
sequence generation, allocation concealment, masking 
of participants, personnel and outcome assessors, 
incomplete outcome data, and selective outcome 
reporting. For cohort studies and pre–post studies, risk 
of bias was evaluated with the Newcastle-Ottawa scale.18 
The Newcastle-Ottawa quality scale captures repre
sentativeness of the exposed cohort, selection of the 
unexposed cohort, ascertainment of exposure, absence of 
the outcome of interest at the start of the study, presence 
of controls for important or additional factors, assessment 
of outcome, sufficiency of follow-up length for outcomes 
to occur, and adequacy of follow-up regimen. Studies 
were defined as high quality or low quality on the basis of 
number of low risk ratings per study (for RCTs, high 
quality was ≥4 domains of low risk; for cohort studies, 
high quality was ≥8 domains of low risk; and for pre-post 
studies, high quality was ≥5 domains of low risk). Quality 
of studies within each design was presented by year.

Publication bias for the primary outcome was assessed 
by visually inspecting funnel plots for each study design. 
In addition, we calculated the Egger’s regression 
intercept19 for the primary outcome, using the trim-and-
fill method to account for publication bias.20 The fail-safe 
number of negative studies that would be required to 
nullify a statistically significant effect size (ie, make 
p>0·05) was then calculated. The study protocol is 
registered with PROSPERO (CRD42019142094).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
The initial search provided 14 687 records, of which 
11 493 records were excluded after title screening 
because they were not relevant or duplicates. Of the 

Figure 1: Search and selection process
*597 records without available data; 244 not comparing LAIs with OAPs; 
46 with follow-up duration less than 6 months; 15 not in adult patients; 
15 non-antipsychotic studies; and six with 20% or more patients with 
non-schizophrenia spectrum disorders.

14 687 records identified by database searches

3194 record abstracts screened

143 full-text records assessed for eligibility

137 studies included in the meta-analysis
 32 randomised controlled trials
 65 cohort studies
 40 pre–post studies

11 493 records not relevant or duplicates 
          after title screening

3051 records excluded
 933 not clinical trials or cohort or 
  pre–post studies
 923 with no available data or other 
  reason*
 902 review articles
 293 non-human studies

6 full-text articles excluded due to absence
 of original data
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remaining 3194 records, 3057 were excluded after 
screening and assessment of abstracts and full texts, 
yielding 137 studies (32 RCTs [23·4%; 8577 patients],21–51 
65 cohort studies [47·4%; 377 447 patients],52–115 and 
40 pre–post studies [29·2%; 11 295 patients];116–155 
figure 1). For one cohort study we extracted all data from 
the published abstract.74 Three unpublished studies 
(two RCTs [NCT00256997 and NCT00992407] and one 
cohort-study [NCT01894984]) were included in our 
meta-analyses. Two articles reported different data for 
the same RCT32,33 and both datasets were included. 
Characteristics of the studies, patients, and treatments 
are summarised in appendix 8 (pp 3−35). The quality of 
studies included in the analysis varied across study 
designs and within study designs from low to high 
(study quality by year presented in appendix 8 
[pp 78−80]).

The RCTs were published or done between 1974 
and 2019. 11 studies were double blind, seven were rater 
masked, 13 were open label, and blinding status was not 
reported in one study. 22 studies were sponsored by 
industry, seven were sponsored by academia, and 
sponsors for the remaining three studies were not clear. 
The median number of participants per study was 136 
(IQR 67–399), and the mean duration of follow-up was 
62·5 weeks (SD 28·7). The mean age of participants 
was 37·2 years (SD 7·4), and 5635 (65·7%) of the 
8577 participants were men (appendix 8 pp 3−10). The 
regions of study location are listed in appendix 8 (p 10). 
Among the 32 RCTs, the comparisons of LAIs versus oral 
antipsychotics by type of antipsychotics were: first-
generation antipsychotic (FGA)-LAIs versus FGA-oral 
antipsychotics in nine (28·1%) studies, FGA-LAIs 
versus second-generation antipsychotic (SGA)-oral anti
psychotics in one (3·1%) study, SGA-LAIs versus SGA-
oral antipsychotics in 18 (56·3%) studies, FGA-LAIs 
versus mixed-oral antipsychotics in one (3·1%) study, 
and SGA-LAIs versus mixed-oral antipsychotics in 
three (9·4%) studies. No study reported that clozapine 
was used in the oral antipsychotic group.

The cohort studies were published or done 
between 1983 and 2020. 48 studies (345 014 patients) 
were a retrospective database analysis and 17 studies 
(32 433 patients) were prospective. 36 studies were 
sponsored by industry, 28 studies were sponsored by 
academia, and sponsors for the remaining study were 
not clear. The median number of participants per study 
was 838 (IQR 213–5220), the mean follow-up duration 
was 79·6 weeks (SD 47·4), and mean person-
years was 14 370·8 (SD 56 724·5). The mean age of 
participants was 40·8 years (SD 5·8) and 209 861 (55·6%) 
of the 377 447 participants were men (appendix 8 
pp 10−26). Among the 65 cohort studies, the 
comparisons of LAIs versus oral antipsychotics by type 
of antipsychotics were: FGA-LAIs versus FGA-oral anti
psychotics in three (4·6%) studies, FGA-LAIs versus 
SGA-oral antipsychotics in seven (10·8%) studies, 

SGA-LAIs versus SGA-oral antipsychotics in 20 (30·8%) 
studies, FGA-LAIs versus mixed-oral antipsychotics in 
six (9·2%) studies, SGA-LAIs versus mixed-oral 
antipsychotics in eight (12·3%) studies, mixed-LAIs 
versus mixed-oral antipsychotics in 17 (26·2%) studies, 
and other comparisons without reporting types of 
antipsychotics in four (6·2%) studies. Five (7·7%) 
studies reported that clozapine was used in the oral 
antipsychotic cohort.

The pre−post studies were published between 1971 
and 2020. 35 studies (8340 patients) were retrospective 
in design and five studies (2955 patients) were 
prospective. 15 studies were sponsored by industry, 
16 studies were sponsored by academia, and sponsors 
for the remaining nine studies were not clear. The 
median number of participants per study was 113 
(IQR 56–235), the mean follow-up duration was 
68·9 weeks (SD 52·6), and mean person-years was 285·1 
(SD 472·3). The mean age of participants was 42·3 years 
(SD 6·1) and 6506 (57·6%) of the 11 295 participants 
were men (appendix 8 pp 26−34). Among the 40 pre–post 
studies, the comparisons of LAIs versus oral 
antipsychotics by type of antipsychotics were: SGA-LAIs 
versus SGA-oral antipsychotics in three (7·5%), FGA-
LAIs versus mixed-oral antipsychotics in one (2·5%), 
SGA-LAIs versus mixed-oral antipsychotics in 
11 (27·5%), mixed-LAIs versus mixed-oral antipsychotics 
in five (12·5%), and other comparisons without 
reporting types of antipsychotics in 20 (50·0%). 
One study (2·5%) reported that clozapine was included 
in oral antipsychotic treatment.

The primary outcome was assessed in studies that 
reported on hospitalisation or relapse. The risk of 
hospitalisation or relapse, with preferential use of 
hospitalisation over relapse, was significantly lower with 
LAIs than oral antipsychotics in each of the three study 
designs (RCTs: 29 studies, 7833 patients, RR 0·88 [95% CI 
0·79–0·99], p=0·033; cohort studies: 44 studies, 
106 136 patients, RR 0·92 [0·88–0·98], p=0·0044; pre–post 
studies: 28 studies, 17 876 patients, RR 0·44 [0·39 to 0·51], 
p<0·0001; figures 2 and 3). We observed significant 
heterogeneity among cohort studies (χ² p<0·0001, 
I²=88·4%) and pre–post studies (χ² p<0·0001, I²=88·7%) 
but not among RCTs (χ² p=0·092, I²=27·0%). The NNTB 
was 45 (95% CI 25–540) in the RCTs, 31 (19–95) in the 
cohort studies, and 4 (3–4) in the pre–post studies.

Figure 3 provides results of comparisons for relapse-
related or hospitalisation-related outcomes. Regarding 
risk of relapse or hospitalisation, with preferential use of 
relapse over hospitalisation, LAIs were associated with 
significantly lower risk over oral antipsychotics among 
all three study designs. When relapse was used 
preferentially, NNTB was lower for RCTs but mostly 
unchanged for cohort studies and pre-post studies, 
compared with values in the primary analysis.

On analysis of hospitalisation risk alone, LAIs were 
associated with lower risk of hospitalisation than oral 
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(Figure 2 continues on next page)

p valueRisk ratio (95% CI)

0·12 (0·01–2·02)

0·22 (0·05–1·02)

0·25 (0·06–1·11)

0·50 (0·18–1·40)

0·60 (0·40–0·90)

0·625 (0·43–0·92)

0·67 (0·38–1·18)

0·71 (0·52–0·98)

0·74 (0·48–1·14)

0·80 (0·50–1·29)

0·80 (0·65–0·99)

0·81 (0·15–4·45)

0·82 (0·47–1·45)

0·87 (0·52–1·47)

0·89 (0·21–3·85)

0·90 (0·70–1·15)

0·91 (0·36–2·28)

1·00 (0·50–1·99)

1·05 (0·59–1·87)

1·06 (0·84–1·34)

1·07 (0·83–1·40)

1·11 (0·69–1·77)

1·19 (0·63–2·23)

1·20 (0·51–2·85)

1·28 (0·56–2·93)

1·59 (1·01–2·50)

1·70 (0·51–5·64)

1·86 (0·61–5·725)

5·00 (0·252–99·16)

0·88 (0·79–0·99)

0·08 (0·03–0·26)

0·30 (0·14–0·67)

0·31 (0·07–1·41)

0·31 (0·06–1·66)

0·43 (0·28–0·66) 

0·44 (0·21–0·90)

0·45 (0·18–1·13)

0·58 (0·32–1·03)

0·64 (0·54–0·77)

0·65 (0·40–1·08)

0·65 (0·48–0·90)

0·76 (0·72–0·79)

0·76 (0·60–0·95)

0·77 (0·56–1·06)

0·80 (0·74–0·85)

0·81 (0·39–1·69)

0·82 (0·72–0·95)

0·83 (0·46–1·49)

0·86 (0·74–0·99)

0·86 (0·79–0·94)

0·93 (0·91–0·94)

29

292

86

40

666

105

444

769

214

37

88

51

524

618

36

382

263

455

531

355

305

167

25

44

46

921

205

85

50

7833

137

50

69

639

183

60

52

218

670

510

916

15 598

3768

457

1444

4604

233

536

1755

5183

6872

RCTs

Crawford et al (1974)27

Li et al (1996)42

Subotnik et al (2015)50

Potapov et al (2008)45

Gaebel et al (2010), de Arce Condón et al (2012)33†

Hogarty et al (1979)36

Alphs et al (2015)21

Schreiner et al (2015)49

Schooler et al (1980)48

Weiden et al (2012)51

del Giudice et al (1975)28

Ri�in et al (1977)46

Detke et al (2014)29

Keks et al (2007)41

Barnes et al (1983)24

Rosenheck et al (2011)47

Kaneno et al (1991)40

Ishigooka et al (2015)37

Fleischhacker et al (2014)31

Macfadden et al (2010)43

Buckley et al (2015)26

NCT00256997*

Glick et al (2005)34

Falloon et al (1978)30

Arango et al (2006)22

Kane et al (2010)39

Kamijima et al (2009)38

Malla et al (2016)44

Bai et al (2007)23

RCTs overall 

Cohort studies

Chue et al (2005)62

Kim et al (2008)79

Conlon et al (2002)65

NCT01894984*

Pinto et al (2000)95

Bellido et al (2008)56

Barrio et al (2013)54

Voss et al (2015)110

Baser et al (2015)55

Pilon et al (2017)94 

Schreiner et al (2014)98

Manjelievskaia et al (2018)85

Marcus et al (2015)87

Tavcar et al (2000)105

Pesa et al (2017)92

Shah et al (2018)99

Gutwinski et al (2007)68

Cheung et al (2017)61

Ju et al (2014)77

Pesa et al (2015)91

Lefebvre et al (2017)82

 

 0·14

 0·053

 0·068

 0·19

 0·014

 0·017

 0·17

 0·039

 0·18

 0·37

 0·039

 0·81

 0·50

 0·61

 0·88

 0·39

 0·84

 0·99

 0·86

 0·62

 0·60

 0·67

 0·60

 0·68

 0·56

 0·045

 0·39

 0·28

 0·29

 0·033

 <0·0001

 0·0034

 0·13

 0·17

 0·0001

 0·024

 0·088

 0·062

 <0·0001

 0·094

 0·0085

 <0·0001

 0·015

 0·11

 <0·0001

 0·57

 0·0081

 0·53

 0·034

 0·0011

 <0·0001

Number of
patients

1·00·1 5·0 10·02·00·50·2

Favours oral antipsychoticsFavours LAIs

Downloaded for Anonymous User (n/a) at NYC Health and Hospitals from ClinicalKey.com by Elsevier on June 08, 
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



Articles

www.thelancet.com/psychiatry   Vol 8   May 2021	 393

Figure 2: Forest plot for risk 
of hospitalisation or relapse 
with LAIs versus oral 
antipsychotics
Hospitalisation was 
preferentially used over relapse 
in calculation of risk. Studies 
that did not report on 
hospitalisation or relapse were 
excluded from this analysis. 
LAI=long-acting injectable 
antipsychotic. 
RCT=randomised controlled 
trial. *On ClinicalTrials.gov. 
†Two studies of the same RCT.
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antipsychotics in all three study designs. NNTB was 
lower for RCTs but mostly unchanged for cohort and 
pre–post studies. Relapse risk alone was significantly 
lower in patients receiving LAIs than in those receiving 
oral antipsychotics in pre–post studies, but not in RCTs 
or cohort studies. NNTB was marginally higher in pre–
post studies, and not calculated for RCTs or cohort 
studies (non-significant RRs). Appendix 8 (pp 48–57) 
provides results of the subgroup and meta-regression 
analyses.

The table and appendix 8 (pp 36–46) provide results of 
comparisons and heterogeneity between studies for other 
secondary outcomes related to effectiveness, efficacy, 
adverse events, quality of life, cognitive function, and 
other outcomes, including hospitalisation rate, 
hospitalisation days, health-care resource use, and 
adherence. LAIs were significantly advantageous in 
60 (18·3%) of 328 comparisons, not different in 
252 (76·8%) comparisons, and less beneficial (RR >1 or 
SMD >0, p<0·05) in 16 (4·9%) comparisons when 
analysed by study design. Regarding effectiveness-related 
outcomes, LAIs provided a significant improvement 
versus oral antipsychotics in 23 (69·7%) of 
33 comparisons, and LAIs were not different from oral 
antipsychotics in the 10 (30·3%) remaining comparisons. 
When limited to outcomes reported in at least 
three studies, LAIs were significantly advantageous in 
11 (68·8%) of 16 comparisons, and LAIs were not different 
from oral antipsychotics in the five (31·3%) remaining 

comparisons. Regarding efficacy-related outcomes, LAIs 
provided significant improvement versus oral anti
psychotics in 5 (10·9%) of 46 comparisons (including 
Clinical Global Impression [CGI]-Severity scale [CGI-S]  
mean change in cohort studies, treatment response in a 
pre–post study involving 202 patients, and CGI-Change 
scale [at least minimally improved] in RCTs), and LAIs 
were not different from oral antipsychotics in the 
remaining 41 (89·1%) comparisons. Limited to outcomes 
reported in three or more studies, LAIs were significantly 
advantageous in one (4·5%) of the 22 comparisons 
(CGI-S mean change in cohort studies), and LAIs were 
not different from oral antipsychotics for the remaining 
21 (95·5%) comparisons. Regarding adverse effect 
outcomes, LAIs were significantly advantageous to oral 
antipsychotics in 18 (10·0%) of 180 comparisons, LAIs 
were not different from oral antipsychotics in 148 (82·2%) 
comparisons, and LAIs were significantly worse than oral 
antipsychotics in the remaining 14 (7·8%) comparisons. 
Limited to outcomes reported in three or more studies, 
LAIs were significantly advantageous in two (2·3%) of 
86 comparisons, LAIs were not different from oral 
antipsychotics in 77 (89·5%) comparisons, and LAIs were 
worse than oral antipsychotics in seven (8·1%) 
comparisons. Regarding outcomes related to quality-
of-life, LAIs were significantly more beneficial in 
two (9·1%) of 22 comparisons, not different in 19 (86·4%) 
comparisons, and less beneficial in one (4·5%) 
comparison. Regarding outcomes related to cognitive 

Figure 3: Forest plot for summary outcomes related to hospitalisation or relapse with LAIs versus oral antipsychotics
Studies without available data on hospitalisation or relapse were excluded from relevant analyses. LAI=long-acting injectable antipsychotic. NNTB=number needed 
to treat for an additional beneficial outcome. RCT=randomised controlled trial. *NNTB was calculated when the RR for that comparison was statistically significant 
(p<0·05).
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Number 
of studies

Number of 
patients in 
included 
studies

RR or SMD* (95% CI) p value Heterogeneity: 
p value

Heterogeneity: 
I²

NNTB or NNTH† 
(95% CI)

Effectiveness-related outcomes

Hospitalisation rate‡

Cohort 27 653 298 0·83 (0·75 to 0·92) 0·0003 <0·0001 98·9 NA

Pre–post 29 12 019 0·39 (0·32 to 0·46) <0·0001 <0·0001 93·6 NA

Hospitalisation days*

RCT 2 893 –0·12 (–0·30 to 0·06) 0·18 0·178 44·9 NA

Cohort 16 50 059 –0·06 (–0·13 to 0·01) 0·096 <0·0001 89·0 NA

Pre–post 18 11 300 –0·53 (–0·75 to –0·32) <0·0001 <0·0001 96·1 NA

Overall emergency visit rate

Cohort 14 31 985 0·83 (0·75 to 0·91) 0·0002 <0·0001 98·2 NA

Pre–post 9 8389 0·60 (0·40 to 0·91) 0·015 <0·0001 99·5 NA

Patients with at least one emergency visit

RCT 2 878 1·25 (0·87 to 1·79) 0·22 0·47 0·0 ··

Cohort 8 35 286 0·86 (0·81 to 0·91) <0·0001 0·0020 69·0 NNTB: 14 (11–22)

Pre–post 5 7246 0·65 (0·46 to 0·93) 0·018 <0·0001 98·9 NNTB: 4 (3–20)

MPR*§

Cohort 2 8889 –0·21 (–0·41 to –0·01) 0·039 0·0051 87·3 NA

Pre–post 2 5230 –0·48 (–0·60 to –0·36) <0·0001 0·13 57·2 NA

MPR ≥80%§

Cohort 2 8988 0·77 (0·59 to 1·01) 0·061 <0·0001 92·9 ··

Pre–post 2 5230 0·65 (0·45 to 0·95) 0·026 0·0064 86·5 NNTB: 7 (3–67)

PDC*§

Cohort 7 33 745 –0·20 (–0·29 to –0·12) <0·0001 <0·0001 89·1 NA

Pre–post 1 638 –0·67 (–0·83 to –0·51) <0·0001 ·· ·· NA

PDC ≥80%§

Cohort 8 74 075 0·75 (0·65 to 0·86) <0·0001 <0·0001 96·0 NNTB: 12 (8–25)

Pre–post 1 638 0·26 (0·17 to 0·40) <0·0001 ·· ·· NNTB: 5 (4–7)

All-cause discontinuation of antipsychotic

RCT 30 7726 0·97 (0·88 to 1·06) 0·51 <0·0001 54·5 ··

Cohort 28 139 030 0·83 (0·79 to 0·86) <0·0001 <0·0001 90·5 NNTB: 10 (8–13)

Efficacy outcomes

Discontinuation of antipsychotic due to absence of efficacy

RCT 17 6121 0·86 (0·62 to 1·18) 0·35 0·25 17·4 ··

Cohort 3 9206 1·18 (0·79 to 1·78) 0·41 0·0018 84·2 ··

Remission§

RCT 4 1512 0·93 (0·77 to 1·13) 0·49 0·014 71·8 ··

Cohort 3 1341 0·82 (0·39 to 1·70) 0·59 <0·0001 95·1 ··

PANSS-total or Brief Psychiatric Rating Scale-total mean change*

RCT 17 5725 –0·05 (–0·15 to 0·05) 0·37 <0·0001 66·6 NA

Cohort 5 1001 –0·15 (–0·39 to 0·09) 0·22 0·073 53·3 NA

Positive symptom mean change on PANSS-total or BPRS-total*

RCT 11 3379 –0·04 (–0·19 to 0·12) 0·64 <0·0001 72·8 NA

Cohort 1 52 –0·36 (–0·91 to 0·19) 0·20 ·· ·· NA

Negative symptom mean change on PANSS-total or BPRS-total*

RCT 10 3322 0·01 (–0·11 to 0·12) 0·90 0.019 54·6 NA

Cohort 1 52 –0·42 (–0·97 to 0·13) 0·14 ·· ·· NA

PANSS-general psychopathology score mean change*

RCT 7 1885 –0·04 (–0·13 to 0·05) 0·42 0·48 0·0 NA

Cohort 1 52 –0·69 (–1·25 to –0·13) 0·016 ·· ·· NA

(Table continues on next page)
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function, LAIs were significantly more beneficial in 
two (10·5%) of 19 comparisons, not different in 16 (84·2%) 
comparisons, and less beneficial in one (5·3%) 
comparison. Finally, regarding other outcomes, LAIs 
were significantly more beneficial in ten (35·7%) of 

28 comparisons, and LAIs were not different from oral 
antipsychotics in the 18 (64·3%) remaining comparisons.

Publication bias for the primary outcome was assessed 
by funnel plots, fail-safe estimates, and Egger’s tests for 
all included studies (appendix 8 pp 74–77). In cohort and 

Number 
of studies

Number of 
patients in 
included 
studies

RR or SMD* (95% CI) p value Heterogeneity: 
p value

Heterogeneity: 
I²

NNTB or NNTH† 
(95% CI)

(Continued from previous page)

Clinical Global Impression–Severity scale mean change*

RCT 13 4848 –0·06 (–0·17 to 0·05) 0·31 <0·0001 66·5 NA

Cohort 5 2331 –0·30 (–0·43 to –0·17) <0·0001 0·16 38·7 NA

Adverse effect outcomes: overall

Discontinuation of antipsychotic due to adverse effect

RCT 20 6669 1·11 (0·84 to 1·46) 0·46 0·21 19·6 ··

Cohort 3 9451 1·23 (0·69 to 2·20) 0·49 0·016 75·9 ··

At least one adverse effect

RCT 14 4953 1·04 (1·00 to 1·08) 0·027 0·22 21·4 NNTH: 36 
(19–314)

Cohort 2 1723 0·92 (0·74 to 1·14) 0·45 0·19 41·5 ··

Serious adverse effect

RCT 12 4636 0·97 (0·81 to 1·16) 0·74 0·11 34·8 ··

Cohort 2 1723 2·63 (0·24 to 29·16) 0·43 0·076 68·3 ··

Adverse effect outcomes: movement disorders

Akathisia

RCT 15 4565 1·19 (0·94 to 1·49) 0·14 0·27 16·8 ··

Cohort 1 640 4·31 (0·53 to 34·84) 0·17 ·· ·· ··

Pre–post 1 68 1·13 (0·49 to 2·57) 0·78 ·· ·· ··

Extrapyramidal symptoms

RCT 8 2731 1·27 (0·94 to 1·71) 0·12 0·19 29·5 ··

Cohort 2 8368 1·53 (0·69 to 3·39) 0·29 0·0048 87·4 ··

Pre–post 2 332 1·10 (0·12 to 9·84) 0·93 0·0005 91·7 ··

Restlessness

RCT 4 1322 2·08 (0·92 to 4·67) 0·078 0·56 0·0 ··

Tardive dyskinesia

RCT 6 1562 0·54 (0·20 to 1·43) 0·21 0·97 0·0 ··

Cohort 1 7728 1·96 (1·47 to 2·60) <0·0001 ·· ·· NNTH: 16 (11–37)

Pre–post 1 68 3·00 (0·13 to 71·15) 0·50 ·· ·· ··

Tremor

RCT 10 2914 1·28 (0·90 to 1·83) 0·17 0·16 30·7 ··

Pre–post 1 68 1·00 (0·64 to 1·57) 1·00 ·· ·· ··

Adverse effect outcomes: arousal-related

Insomnia

RCT 19 6821 1·12 (0·97 to 1·29) 0·12 0·21 20·0 ··

Cohort 2 1723 0·38 (0·11 to 1·40) 0·15 0·28 14·8 ··

Sedation

RCT 8 3116 0·85 (0·58 to 1·24) 0·39 0·63 0·0 ··

Somnolence

RCT 14 4975 0·83 (0·58 to 1·12) 0·32 0·023 48·1 ··

Cohort 2 1723 0·16 (0·05 to 0·55) 0·0037 0·79 0·0 NNTB: 57 
(51–107)

Pre–post 1 68 1·06 (0·68 to 1·63) 0·81 ·· ·· ··

(Table continues on next page)
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Number 
of studies

Number of 
patients in 
included 
studies

RR or SMD* (95% CI) p value Heterogeneity: 
p value

Heterogeneity: 
I²

NNTB or NNTH† 
(95% CI)

(Continued from previous page)

Adverse effect outcomes: CNS

Anxiety

RCT 13 5384 1·24 (1·04 to 1·48) 0·017 0·69 0·0 NNTH: 53 
(27–317)

Cohort 2 1723 0·64 (0·20 to 2·02) 0·44 0·24 28·7 ··

Depression

RCT 12 3546 1·46 (1·15 to 1·87) 0·0023 0·38 6·6 NNTH: 41 
(22–156)

Pre–post 2 922 0·79 (0·66 to 0·95) 0·014 0·69 0·0 NNTB: 14 (8–59)

Adverse effect outcomes: gastrointestinal

Constipation

RCT 9 1910 1·10 (0·79 to 1·51) 0·58 0·80 0·0 ··

Cohort 1 640 0·05 (0·00 to 0·84) 0·038 ·· ·· NNTB: 41 
(23–240)

Pre–post 1 68 19·00 (1·15 to 314·00) 0·040 ·· ·· NNTH: 4 (3–9)

Diarrhoea

RCT 10 3020 0·80 (0·58 to 1·12) 0·19 0·57 0·0 ··

Adverse effect outcomes: metabolic and endocrine

Any weight gain¶

RCT 16 5758 1·04 (0·89 to 1·22) 0·61 0·41 3·9 ··

Cohort 3 1953 0·89 (0·62 to 1·30) 0·55 0·99 0·0 ··

Pre–post 1 176 0·18 (0·11 to 0·28) <0·0001 ·· ·· NNTB: 2 (2–2)

≥7% weight gain

RCT 9 4066 1·04 (0·80 to 1·35) 0·77 <0·0001 79·9 ··

Cohort 1 7728 0·86 (0·70 to 1·06) 0·15 ·· ·· ··

Body weight change*

RCT 9 3658 –0·03 (0·11 to 0·05) 0·49 0·22 24·6 NA

Cohort 2 8249 –0·01 (–0·10 to 0·08) 0·87 0·44 0·0 NA

Fasting glucose change*

RCT 5 1922 0·07 (–0·03 to 0·16) 0·16 0·85 0·0 NA

Pre–post 1 66 –2·91 (–3·60 to –2·22) <0·0001 ·· ·· NA

Total cholesterol change*

RCT 7 2337 0·17 (0·02 to 0·32) 0·031 0·0093 64·7 NA

Pre–post 1 66 –2·03 (–2·63 to –1·44) <0·0001 ·· ·· NA

High-density lipoprotein cholesterol change*

RCT 4 1926 0·00 (–0·09 to 0·10) 0·92 0·65 0·0 NA

Low-density lipoprotein cholesterol change*

RCT 4 1894 0·10 (0·01 to 0·19) 0·034 0·61 0·0 NA

Triglycerides change*

RCT 6 2254 –0·01 (–0·09 to 0·07) 0·82 0·72 0·0 NA

Pre–post 1 66 –2·73 (–3·40 to –2·06) <0·0001 ·· ·· NA

Hyperprolactinaemia

RCT 5 2423 2·97 (0·79 to 11·20) 0·11 0·012 68·8 ··

Prolactin increase¶

RCT 5 1609 1·75 (0·73 to 4·23) 0·21 0·0060 72·3 ··

Pre–post 1 176 0·29 (0·21 to 0·41) <0·0001 ·· ·· NNTB: 2 (2–2)

Prolactin change*

RCT 8 2357 –0·08 (–0·35 to 0·19) 0·55 <0·0001 88·8 NA

(Table continues on next page)
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pre–post studies, the funnel plots were asymmetrical. 
Subsequently, we used the trim-and-fill method to adjust 
the potential publication biases, and found that effect 
sizes were similar after adjustment, and that the 
significance of RRs did not change.

Discussion
We found that LAIs were significantly and consistently 
more efficacious than oral antipsychotics in preventing 
hospitalisation of patients with schizophrenia in RCTs, 
cohort studies, and pre–post studies. The summary effect 
size was small in RCTs and cohort studies but large in 
pre–post studies. As addressed in our previous meta-
analyses,12−14 RCTs tend to include patients who are more 
adherent than in a real-world setting, which minimises 
the ability to show LAI benefits. Conversely, cohort 
studies can include a conservative bias toward LAIs, in 
that patients who receive LAIs by clinician’s choice are 
more likely to be more severely ill compared with patients 
receiving oral antipsychotics. Therefore, the fact that we 
found comparative benefit with LAIs in RCTs and cohort 
studies, although the effect sizes were small, is 
noteworthy. Furthermore, pre–post studies can be biased 
toward an advantage with LAIs, as in most of the pre–post 
studies the medication was switched from oral anti
psychotics to LAIs (instead of from LAIs to oral 
antipsychotics), leading to a potential expectation bias 
toward LAIs, and the LAI results might further benefit 
from regression to the mean. Nevertheless, the significant 
and substantial risk benefit of LAIs over oral antipsychotics 

that we observed in pre–post studies might also reflect 
real-world clinical practice, in which risk of hospitalisation 
or relapse decreases substantially after the introduction of 
LAIs. Our previous meta-analysis of RCTs12 showed 
no significant difference between LAIs and oral 
antipsychotics in terms of relapse prevention. However, 
our new results consistently show improved relapse risk 
with LAIs over oral antipsychotics in all study designs, 
providing evidence to encourage more prevalent use of 
LAIs in the treatment of schizophrenia.

The present analysis provides an important update: at 
least 1·5 times as many studies were included than in 
our previous meta-analyses (21 vs 32 RCTs, 25 vs 
40 pre–post studies, and 42 vs 65 cohort studies); and at 
least 1·3 times as many studies were included in 
our analysis of the primary outcome relating 
to hospitalisation or relapse risk (21 vs 29 RCTs, 
16 vs 28 pre–post studies, and 33 vs 44 cohort studies).12–14 
The much larger evidence base (5176 vs 8577 patients in 
RCTs, 5940 vs 11 295 patients in pre–post studies, and 
101 624 vs 377 447 patients in cohort studies), obtained by 
our extensive literature search of both published and 
unpublished data, allowed us to investigate additional 
important outcomes, such as health-care resource use, 
measures of adherence, and changes in psychotic 
symptoms. We were also able to include more first-
episode populations and recent-onset populations with 
onset of psychosis within the past 5 years.

We adopted hospitalisation or relapse as the primary 
outcome, both of which are especially important in 

Number 
of studies

Number of 
patients in 
included 
studies

RR or SMD* (95% CI) p value Heterogeneity: 
p value

Heterogeneity: 
I²

NNTB or NNTH† 
(95% CI)

(Continued from previous page)

Adverse effect outcomes: death or suicide-related

Death

RCT 14 5676 0·80 (0·42 to 1·51) 0·49 0·88 0·0 ··

Cohort 3 22 697 0·81 (0·58 to 1·14) 0·22 0·090 58·4 ··

Suicidal ideation

RCT 10 4317 0·94 (0·70 to 1·26) 0·68 0·81 0·0 ··

Cohort 1 491 0·36 (0·24 to 0·56) <0·0001 ·· ·· NNTB: 7 (5–13)

Death by suicide

RCT 8 3257 0·93 (0·29 to 3·01) 0·90 0·68 0·0 ··

Suicide attempt

RCT 7 2289 1·02 (0·56 to 1·86) 0·94 0·51 0·0 ··

Cohort 3 29 509 1·08 (0·79 to 1·47) 0·64 0·11 54·3 ··

RR=risk ratio. SMD=standardised mean difference. NNTB=number needed to treat for an additional beneficial outcome. NNTH=number needed to treat for an additional 
harmful outcome. NA=not applicable. RCT=randomised controlled trial. MPR=medication possession ratio. PANSS=Positive and Negative Syndrome Scale. BPRS=Brief 
Psychiatric Rating Scale. PDC=proportion of days covered. *SMDs are given for continuous outcomes; SMD values lower than 0 on efficacy outcomes indicate that LAI is 
advantageous over oral antipsychotic; SMD values lower than 0 for laboratory parameters (eg, total cholesterol) indicate that a specific continuous outcome was lower with 
LAIs versus oral antipsychotics. †NNTBs greater than 0 indicate that LAI treatment is associated with fewer cases of secondary outcomes than oral antipsychotic treatment; 
NNTHs greater than 0 indicate that LAI treatment is associated with more cases of secondary outcomes than oral antipsychotic treatment (NNTB and NNTH were calculated 
when the risk for the comparison was statistically significant at p<0·05). ‡Rate ratio, calculated as [number of events/(number of people × years of follow-up)]. 
§For consistency the outcome was rescaled so that benefit was indicated by an RR lower than 1 or an SMD lower than 0. ¶Per individual study definitions.

Table: Pooled results for secondary outcome
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clinical practice and somewhat interchangeable. We 
preferred hospitalisation over relapse (when both were 
reported), as we assumed hospitalisation to be the most 
frequently reported outcome across study designs on 
the basis of our previous meta-analyses, and 
hospitalisation is less subjective and heterogeneous 
than relapse. This difference between hospitalisation 
and relapse should be interpreted with some caution, 
as, reflecting the nature of study designs, in RCTs 
relapse was more often reported than hospitalisation, 
and hospitalisation was sometimes not reported (but 
included within the criteria for relapse). Conversely, 
among cohort and pre–post studies, most reported the 
objective outcome of hospitalisation, as opposed to 
relapse, which requires a predetermined definition and 
detailed symptomatic assessment during the study that 
generally is only possible in RCTs (appendix 8 pp 10−34). 
A similar caution applies to the definition of relapse. 
Relapse is in many cases defined either by symptomatic 
exacerbation (expressed as a worsening in a psycho
pathology measure) or by clinical events, such as 
hospitalisation or an increased level of care. Dis
tinguishing the exact causes of relapse in a given study 
is difficult, which is also likely to be true in clinical 
practice. A notable finding was that reversing the 
preferential order of relapse and hospitalisation did not 
change the observed effect with LAIs over oral 
antipsychotics.

Hospitalisation risk, calculated by dividing the 
number of patients hospitalised by the total population, 
was selected as the main outcome a priori given the 
nature of cohort and pre–post studies, in which a 
Positive and Negative Syndrome Scale assessment or 
other psychopathology ratings are unavailable in most 
cases. Thus, dimensionally defined relapse would be 
far less reported than the endpoint of hospitalisation 
across study designs. However, as patients receiving 
LAIs are more likely to adhere to treatment than those 
receiving oral antipsychotics, the LAI group is more 
likely to be observed for a longer time, causing a 
potential negative bias against LAIs. Therefore, rate 
ratios, rather than our ratios of risk, might more 
precisely represent the differential treatment effects, as 
we had used in our previous meta-analysis of cohort 
studies.14 However, as the mean follow-up and number 
of hospitalisations were not reported in all RCTs, we 
were unable to calculate rate ratios in RCTs,12 limiting 
our analyses to cohort and pre–post studies, whereby 
LAIs showed a benefit over oral antipsychotics in both 
designs.13,14

Again, contrary to the results of our previous meta-
analysis, in this updated meta-analysis, LAIs were 
associated with a significantly lower risk of hospitalisation 
or relapse than oral antipsychotics in RCTs. This change 
in outcome in RCTs might be due to more high-risk 
groups for non-adherence being included in recent RCTs 
(eg, first-episode patients,50 patients with recent-onset 

illness,44,49 patients recently incarcerated,21 and many 
patients with substance misuse21), which would 
accentuate the benefit of LAIs. The benefits of LAIs in 
patients at an early phase of illness49,50 also point to the 
potential value of preventive use of LAIs in a group at 
high risk of becoming non-adherent in the future. This 
finding is reflected increasingly by guidelines that 
recommend LAI use across the entire illness course, 
most notably by the Florida Best Practice 
Psychotherapeutic Medication Guidelines,156 which put a 
switch to LAIs at the same level as continued oral 
antipsychotics even in patients with stable schizophrenia 
or adherent patients with first-episode schizophrenia. 
The value of LAIs in first-episode and early-phase 
schizophrenia was confirmed in a 2020 cluster-
randomised study.157

Comparative benefit with LAIs over oral antipsychotics 
was observed for many secondary outcomes, including 
hospitalisation-related outcomes, health-care resource 
use, adherence, and effectiveness-related outcomes. 
Consistent with a previous meta-analysis,158 LAIs showed 
no significant difference from oral antipsychotics in 
most reported adverse events (albeit with a conservative 
bias, in that adherence is not assured with oral 
antipsychotic treatment). However, few pre–post or 
cohort studies reported adverse events that can arise 
from long-term use, such as tardive dyskinesia and 
weight gain. Additionally, especially in cohort and 
pre–post studies, the methods and quality of adverse 
event reporting are often unclear. Since long-term data 
are easier to collect in non-RCT settings, which also 
provide more generalisable data in real-world popu
lations, future cohort and pre–post studies should 
include adverse effects that accumulate over time and 
report results based on specific antipsychotics, clarifying 
the method of ascertaining adverse events. Furthermore, 
considering that fewer antipsychotics are available as 
LAIs than oral antipsychotics, the reason some adverse 
events (such as cardiometabolic effects) were not always 
common in LAIs might be the selection of the 
antipsychotic, rather than the treatment modality.

Since the quality of observational studies is often low, 
and the studies are prone to bias, guidance has been 
provided regarding the analytical methods for com
parative effectiveness research with observational 
data.159 However, none of the included observational 
studies strictly followed this guideline. Future obser
vational studies should be done in accordance with the 
guideline. Developing a scale that assesses the quality 
of observational studies in accordance with the 
guideline would be beneficial, as would standard 
formatting guidelines for such studies, so that readers 
can easily evaluate the quality of comparative 
effectiveness research with observational data. The 
cohort and pre–post studies in this analysis were 
evaluated by the Newcastle-Ottawa Scale, and 
50 (47·6%) of 105 studies were high quality (ie, ≥7 of 
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9 possible stars in the Newcastle-Ottawa Scale). 
Furthermore, the results did not change even in the 
subgroup analysis in which only the high-quality 
studies were analysed. We also found no significant 
correlation between study quality score and the primary 
outcome in meta-regression analysis.

Results should be interpreted in view of the following 
limitations. First, results were significantly hetero
geneous for hospitalisation and relapse risk outcomes in 
cohort and pre–post studies, meaning that effects varied 
significantly across the meta-analysed studies and 
suggesting that the studies differed regarding setting, 
population, and treatment variables. Via subgroup 
analyses, we identified several moderators that 
strengthened or weakened group differences between 
LAIs and oral antipsychotics. Although in a number of 
subgroup analyses, LAI effects became non-significant, 
in many cases this was because the standard deviation 
widened due to reduced sample size, rather than due to 
a shift in effect size to null. Furthermore, 25 (67·6%) of 
the 37 subgroup analyses showed no significant 
differences between subgroups, supporting the overall 
robustness of the results. Based on the data, we were 
unable to identify the most important moderator, as 
most of the significant moderators drove the effect in 
favour of LAIs. Second, most of the studies identified in 
the systematic review were from high-income countries, 
and thus results should be extrapolated to low-income 
and middle-income countries with caution. Furthermore, 
the threshold for hospitalisation can vary, largely 
reflecting the local medical and insurance system and 
the year or period that the study was done. Therefore, 
the population-level effect of LAIs might vary in specific 
countries at different times. Third, illness severity was 
not reported in many studies. Most of the patients 
included in our analysis were chronically ill. However, 
we could not determine their level of stability, insight, 
severity of negative symptoms, cognitive deficits, 
and functioning, all of which might influence the 
effectiveness of drug treatments. Fourth, too few studies 
reported data on non-adherence to do a meta-regression 
analysis and examine the degree to which non-adherence 
influenced the results. Finally, the specific antipsychotics 
in the LAI and oral antipsychotic groups were different 
in most of the studies included. This limitation calls for 
the conduct of head-to-head comparisons of the same 
antipsychotic in LAI or oral antipsychotic formulations. 
As adverse effects vary greatly among antipsychotics, 
comparing long-term adverse effects, such as tardive 
dyskinesia and cardiometabolic burden, between dif
ferent routes of administration of the same antipsych
otic would be valuable.

In summary, a risk benefit of LAIs over oral 
antipsychotics in preventing hospitalisation or relapse 
was consistently shown across RCT, cohort, and 
pre–post study designs. LAIs were non-inferior and at 
least equal to oral antipsychotics in most outcomes 

related to effectiveness and efficacy. LAIs also showed 
no significant difference to oral antipsychotics with 
regard to most adverse events. The present results 
should be interpreted with care, considering the 
strengths and weaknesses of the study designs, 
potentially low quality of observational studies, and 
heterogeneous reporting of adverse events across 
studies. Nevertheless, this updated analysis of RCTs 
and other study designs that consistently showed LAIs 
to prevent hospitalisation or relapse is meaningful and 
suggests potential benefits of increased use of LAIs in 
clinical practice.
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