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Abstract

Background There is evidence that antipsychotic drugs differ in their effect on the cognitive symptoms of schizo-
phrenia. So far, there is no comprehensive systematic review available that would enable providers and patients to
make informed choices regarding this important aspect of treatment. With a large number of substances available,
conventional pairwise meta-analyses will not be sufficient to inform this choice. To fill this gap, we will conduct a
network meta-analysis (NMA), integrating direct and indirect comparisons from randomized controlled trials (RCTs) to
rank antipsychotics according to their effect on cognitive functioning.

Methods In our NMA, we will include RCTs in patients with schizophrenia or schizophrenia-like psychoses compar-
ing one antipsychotic agent with another antipsychotic agent or placebo that measures cognitive function. We will
include studies on patients of every age group, in any phase of illness (e.g., acute or stable, first episode or chronic
schizophrenia, in- or outpatients) with an intervention time of at least 3 weeks. The primary outcome will be the com-
posite score of cognitive functioning, preferentially measured with the test battery developed by the Measurement
and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative. The secondary outcomes include
the seven cognitive domains that the composite score is composed of, as well as functioning and quality of life. Study
selection and data extraction will be conducted by at least two independent reviewers. We will use the Cochrane

Risk of Bias tool 2 to determine the risk of bias in studies, and we will evaluate the confidence in the results using
Confidence in Network Meta-Analysis (CINeMA). We will perform NMA using R (package netmeta). We will conduct
subgroup and sensitivity analyses to explore the heterogeneity and assess the robustness of our findings.

Discussion This systematic review and network meta-analysis aims to inform evidence-based antipsychotic treatment
choice for cognitive deficits in schizophrenia patients by analyzing existing RCTs on this subject. The results have the
potential to support patients’and physicians' decision-making processes based on the latest available evidence.
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Background

Schizophrenia is among the 25 leading causes of years
lived with disability in the age group 25-49 years, accord-
ing to the 2019 Global Burden of Disease Study [1].
Besides the well-known positive and negative symptoms,
cognitive deficits are another independent core part of
schizophrenia. Areas of impairment include memory,
attention, processing speed, and executive function, as
well as higher cognitive functions such as reasoning and
social cognition. These deficits not only affect a large pro-
portion of patients [2, 3] —often, the cognitive symptoms
precede the onset of positive symptoms for several years
and persist long after the acute positive symptoms have
subsided [2, 4]. It has been shown that cognitive dysfunc-
tion is a strong, discrete predictor of functional outcomes
and quality of life in schizophrenic patients [5]. Apart
from negative symptoms, the cognitive deficits present in
many patients with schizophrenia pose the main obstacle
for keeping up employment and social life alike [6].

While antipsychotic drugs constitute a central part
of the treatment of schizophrenia in acute phases and
relapse prevention [7-9], we are only beginning to under-
stand which substance works best for which patient and
for which facet of their symptoms. Antipsychotics can
differ in several aspects, including in their mechanism of
action, receptor-binding profile, efficacy, and side effects.
While doctors are often able to control the positive symp-
toms relatively quickly with antipsychotic drugs, negative
and cognitive symptoms are often not as straightforward
to address. Evidence on the differential effect of individ-
ual antipsychotic substances is available but inconclusive.
It has been claimed that the newer, traditionally called
“second-generation” antipsychotics are superior to older,
“first-generation” antipsychotics in terms of cognitive
function [10].

There are multiple randomized controlled trials on this
issue as well as a few meta-analyses on the comparative
effects of antipsychotic drugs on cognition, but none of
them incorporates the latest evidence and adheres to
the highest quality standards at the same time [10, 11].
Moreover, the only available bigger meta-analysis [11]
did not take into account the most recent principles for
the assessment of cognitive symptoms in schizophre-
nia trials as suggested by the Measurement and Treat-
ment Research to Improve Cognition in Schizophrenia
(MATRICS) initiative. The MATRICS initiative set out to
improve the treatment of cognitive symptoms in schizo-
phrenia and related disorders, identifying the cognitive
domains of interest and developing a comprehensive
test battery (MATRICS Consensus Cognitive Battery
(MCCB)) for use in clinical trials. The MCCB is now con-
sidered the international gold standard for the measure-
ment of cognition in this setting [12-14].
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Objective

In summary, high-quality meta-analyses on the effects of
antipsychotics on cognition are needed, but not available.
To overcome this gap, we will conduct a network meta-
analysis examining the effects of different antipsychotic
drugs on cognitive function in patients with schizophre-
nia. Network meta-analysis combines the direct evidence
observed in clinical trials with indirect evidence, there-
fore investigating every antipsychotic in comparison with
every other antipsychotic and in consequence produc-
ing hierarchies between the antipsychotics according to
their effect on overall cognitive function and the specific
cognitive domains. In doing so, we aim to summarize the
available evidence in an accessible and comprehensible
form and thus enable patients and providers to make bet-
ter, evidence-based treatment choices together.

Methods/design

This systematic review and network meta-analysis proto-
col will follow the PRISMA guidelines, extension for net-
work meta-analysis [15]. The PRISMA-P Checklist can
be found in Additional file 1. This protocol has been reg-
istered with PROSPERO [16]. We will update the report
in PROSPERO with any necessary amendments.

Eligibility criteria

Characteristics of studies

We will include randomized controlled trials compar-
ing one antipsychotic agent to at least one other antip-
sychotic or placebo for the treatment of schizophrenia
or schizophrenia-like psychoses. Study arms using com-
binations of antipsychotics or combinations with other
drugs will be excluded. We will include double-blind,
single-blind, and open-label studies with an intervention
phase of at least 3 weeks. Cluster-randomized trials will
be excluded due to unit of analysis problems and to avoid
violating the transitivity assumption [17]. In cross-over
studies, we will only use the first intervention phase to
avoid carry-over effects.

Characteristics of participants

We will include studies in which at least 80% of the
patient sample has a primary diagnosis of schizophre-
nia or schizophrenia-like psychosis. We will include tri-
als irrespective of the diagnostic criteria used. Studies in
which all patients by inclusion criteria had a comorbid
medical or psychiatric illness (including comorbid sub-
stance abuse) will be excluded, as these comorbidities or
their treatment can have an influence on cognition and
could bias the results. There will not be any restrictions
in terms of gender, ethnicity, age, phase or severity of ill-
ness (first episode, acute episode of chronic illness, stable
phase, treatment-resistant, predominant or prominent
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negative symptoms), or setting (in- and outpatients), but
some of these factors will be examined in subgroup and
meta-regression analyses.

Interventions

We will include a wide range of antipsychotic agents in
oral or injectable form with the exception of short-act-
ing injectables, because these are generally only used
for emergency treatment. Our choice of included first-
generation antipsychotic drugs is based on a systematic
survey of schizophrenia experts [18]. The newer antip-
sychotic drugs are nowadays the most prescribed medi-
cation for schizophrenia and are therefore an obvious
choice for inclusion. We included all “second generation”
drugs currently available in Europe or the USA. Fixed-
dose studies will only be included if the doses are within
the range of the International Consensus Study on
Antipsychotic Dosing [19]. This restriction will not apply
to certain participant subgroups (children, elderly, first
episode, or treatment-resistant patients) where different
dose ranges seem to be more adequate. We will include
all flexible-dose studies, as these allow the investigators
to titrate to the adequate dose for the individual patient.

Outcome measures

We will exclusively consider studies that use validated
psychometric tests to assess participants’ performance
in at least one of the seven domains determined by the
MATRICS initiative or that provide an adequate compos-
ite score for all domains. These seven domains, identified
as particularly important for people with schizophrenia,
are speed of processing, attention/vigilance, working
memory, verbal learning, visual learning, reasoning and
problem solving, and social cognition [20].

As the MATRICS consensus was developed relatively
recently (the main publications came out in 2008), and
has since also not been adopted in every study on cog-
nition in schizophrenia, we will include tests outside
the MCCB, based on their equivalence to the original
MCCEB tests for the composite score or one of the seven
domains. The selection of these tests and the assignment
to the respective domain will be made independently by
two reviewers and will be supervised by a neuropsycho-
logical expert.

If multiple tests for one domain are reported, we will
select the most appropriate of them following the prin-
ciples outlined in this paragraph. We decided to avoid
summarizing different tests for the same domain, as this
could cause psychometric problems that can affect the
validity of the combined scores and their comparabil-
ity with the results of single test scores [21]. Exceptions
will be made for congregate domain scores as defined
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by MATRICS for the domains speed of processing and
working memory, which require multiple tests in the
MCCB as well. We will prioritize these over the single
MATRICS tests. Other congregate scores per domain
or for overall cognition will be judged on a case-by-case
basis and will only be considered if they are part of an
established neuropsychological test battery.

For determining the most appropriate test within the
domain, we will prioritize tests from the final MCCB
over tests from the MATRICS beta battery over other
tests. In case of multiple MATRICS tests (MCCB or
beta battery) for one domain, we will choose the one
with the highest intra-class correlation and the high-
est accordance with the quality criteria used in the
development of the MCCB [14]; in case of multiple
non-MATRICS tests, we will choose the one with the
highest similarity to the MCCB. All decisions regarding
the measurement hierarchy will be made independently
by two experts in psychometry (RRE, RSEK); in case of
disagreement, we will resolve it by discussion.

Primary outcome

Our primary outcome will be the composite score for
the seven cognitive domains, preferably based on the
MCCB [12-14]. Other composite scores of overall cog-
nition reported in the trials will be evaluated on a case-
by-case basis.

Secondary outcomes

Our secondary outcomes will include measures of one
of the seven cognitive domains, as well as rating scales
for functioning or quality of life (QoL). MATRICS rec-
ommends a selection of co-primary measures to assess
functioning but does not include more direct measures.
Hence, we will use them only if the suggested tests are
not available [12], examples include the Global Assess-
ment of Functioning Scale (GAF), the Social and Occu-
pational Functioning Assessment Scale (SOFAS), or
the Personal and Social Performance Scale (PSP). For
QoL scales, MATRICS provides no recommendations.
In case of multiple tests on the quality of life, we will
include quality criteria and how well-known the test
is, for our selection. We will follow especially the rec-
ommendations of the COSMIN initiative, that aims to
improve the selection of health measurement instru-
ments based on their psychometric properties [22].
They propose the following superior domains to evalu-
ate the quality of measurement, if available: reliability,
validity, responsiveness, and interpretability [22]. These
criteria should help us in our selection process in case
of multiple quality of life scales (Table 1).
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Table 1 MCCB tests and co-primary measurements of functioning
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Cognitive domain Final battery

Beta battery

Speed of processing
symbol coding subtest
Category fluency: animal naming
Trail Making Test: part A

Attention/vigilance
(CPT-IP)

Working memory
subtest
Letter-Number-Span test

Verbal learning
ate recall

Visual learning

Reasoning and problem solving
subtest

Social cognition
(MSCEIT): managing emotions branch

Co-primary measures

Brief Assessment of Cognition in Schizophrenia (BACS):

Continuous Performance Test—Identical Pairs Version

Wechsler Memory Scale 3rd Ed. (WMS-II): spatial span

Hopkins Verbal Learning Test - revised (HVL-R): immedi-
Brief Visuospatial Memory Test — Revised (BVMT-R)

Neuropsychological Assessment Battery (NAB): mazes

Mayer-Salovey-Caruso Emotional Intelligence Test

Wechsler Adult Intelligence Scale 3rd Ed. (WAIS-III): digit
symbol-coding subtest

3-7 Continuous Performance Test — shortened version

Brief Assessment of Cognition in Schizophrenia (BACS):
digit sequencing subtest

Wechsler Adult Intelligence Scale 3rd Ed. (WAIS-III): letter
number sequencing subtest

Spatial delayed response task

Neuropsychological Assessment Battery: daily living
memory subtest

Neuropsychological Assessment Battery: shape learning
subtest

Wechsler Adult Intelligence Scale 3rd Ed. (WAIS-III): block
design subtest

Brief Assessment of Cognition in Schizophrenia (BACS):
Tower of London subtest

Mayer-Salovey-Caruso Emotional Intelligence Test
(MSCEIT): perceiving emotions branch

Functioning Maryland Assessment of Social Competence
UCSD Performance-Based Skills Assessment
Schizophrenia Cognition Rating Scale
Clinical Global Impression of Cognition in Schizophrenia
Search strategy or interviewer-assessed cognitive impairment, not sepa-

We have searched the Cochrane Schizophrenia Group
Registry of Trials [23] for published and unpublished
reports of randomized controlled studies relevant to our
research question up to April 27, 2020 (see also Addi-
tional file 2) and are planning to conduct an update
search. The detailed search strategy for the Cochrane
Schizophrenia Group Trials Registry can be found in
Additional file 3 [24]. No date or language restrictions
will be applied. In addition, we will search the reference
lists of previous reviews on the effect of antipsychotic
drugs on cognitive function. In case of missing outcome
information from included studies, we will try to retrieve
it from the corresponding author or responsible drug
company.

Identtification and selection of studies

Two reviewers from our team will independently screen
the search results for general inclusion criteria in Citavi
[25] and in a second step (LF, NP) for the availability of
cognition measurements. Disagreement will be resolved
by discussion or consulting a third, experienced reviewer
(SL/JST). As the third step, the measurement of cogni-
tion is considered in more detail and references with only
inappropriate tests will be excluded (e.g., self-reported

rately validated modifications of established tests). Disa-
greement in the evaluation of appropriate measurements
will be resolved by discussion with neuropsychological
experts (RRE, RSEK).

Data extraction

The two reviewers (LF, NP) will extract data from all
selected trials in a Microsoft Access database. Our data-
base is specifically developed for studies on schizophre-
nia and allows a standardized process. The software
will automatically detect discrepancies between the two
reviewers. When disagreement arises, we will resolve it
by discussion and, if needed, by involving a third, sen-
ior reviewer. Information on the following points will be
extracted:

— General study information (e.g., author name, year,
treatment arms)

— Information on methodology (e.g., duration, blind-
ing, diagnostic criteria used)

— Characteristics of the study participants (e.g., sub-
group, age, number of men/women, race/ethnicity)

— Characteristics of the used antipsychotics (e.g.,
doses)

— Outcome measures
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Measurement of treatment effect

We will use the mean differences for the same scales and
standardized mean differences (SMD) for different scales
of the same outcome parameter. We will prefer the results
obtained with imputation methods to handle missing
data over completers’ data and results from mixed mod-
els of repeated measurement (MMRM) or multiple impu-
tations over last observation carried forward (LOCF).
We will extract standard deviations (SD) as a measure of
imprecision, and standard errors (SEs) will be converted
to SDs. If both are missing, we will estimate SDs from
confidence intervals, ¢-values, or p-values as described in
the Cochrane Handbook for Systematic Reviews [26]. If
none of the options is viable, we will contact the origi-
nal study authors. In case of no information on SDs, we
will use the SD from another study using the same test. If
there are many studies using the same test, we will build a
weighted mean of the given SDs.

Risk of bias assessment

Two reviewers will independently assess the risk of bias
using the Cochrane Risk of Bias tool version 2 (RoB 2.0)
[27]. We will assess the risk of bias in respect of our pri-
mary outcome. In case of disagreement between the two
reviewers, we will discuss it with a third, senior reviewer.
We will use the RoB-MEN framework to evaluate the risk
of bias due to missing evidence in network meta-analysis
[28].

Data analysis

Conventional pairwise meta-analyses

We will use a random effects frequentist model for our
pairwise meta-analyses.

Assessment of heterogeneity

We will measure heterogeneity with tau-squared (the
between-study variance). The heterogeneity variance will
be assumed common across the various treatment com-
parisons, and the empirical distributions will be used to
characterize the amount of heterogeneity as low, moder-
ate, or high using the first and third quantiles [29, 30]. We
will explore the potential reasons for heterogeneity by
subgroup and meta-regression analyses.

Network meta-analysis

Network meta-analysis combines direct and indirect evi-
dence for all relative treatment effects and can therefore
provide estimates with maximum power and increased
precision [31]. We will depict all available direct com-
parisons in network plots for each outcome. We will test
the transitivity assumption by investigating if clinical and
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methodological variables—which can act as effect mod-
erators—are similarly distributed across studies grouped
by comparison.

We will perform a statistical evaluation of the assump-
tion of transitivity (often termed consistency) using
the design-by-treatment interaction test that evaluates
inconsistency from all possible sources in the network
jointly [32], as well as by the SIDE test (separating indi-
rect evidence from direct evidence) [33], assessing the
agreement of indirect and direct evidence for every pos-
sible comparison in the network. In case of evidence of
inconsistency or intransitivity, we will investigate possi-
ble sources (mistakes in data entry, differences in study
characteristics). Small or moderate amounts of inconsist-
ency will be further explored by network meta-regression
and subgroup analyses using the potential effect modifi-
ers listed below. We will estimate the probability for each
intervention to be ranked at each possible place, given
the relative effect sizes as estimated in NMA. We will
present the results for all cognition outcomes ranking the
interventions by their P-Score [34].

If the requirements for network meta-analysis are not
met, we will present only the findings of the pairwise
syntheses.

Subgroup analysis and meta-regression

We plan to investigate the impact of potential effect mod-
ifiers via network meta-regressions or subgroup analyses.
We will examine the following characteristics: baseline
severity of symptoms, inclusion of acutely ill or stable
patients, age, co-medication with anticholinergics, co-
medication with benzodiazepines, and dose of antipsy-
chotics. We will examine the confidence intervals of the
regression coefficients and compare the heterogeneity
and inconsistency of the unadjusted and adjusted (net-
work meta-regression) models to infer about the impact
of the effect modifiers. Results will be interpreted with
caution, given the observational nature of the examined
associations.

Sensitivity analyses

We plan to conduct the following sensitivity analyses:
excluding (a) unblinded (open-label) studies, (b) over-
all high risk of bias studies, (c) studies that did not use
operationalized criteria for diagnosis, (d) studies with a
duration shorter than 12 weeks, and (e) studies with spe-
cific patient characteristics (e.g., treatment-resistant, pre-
dominant negative symptoms).

Small study effects and reporting bias

We will explore the association between study size and
effect size with a comparison-adjusted funnel plot [35—
37]. Comparisons with more than 10 studies will be
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plotted in a contour-enhanced funnel plot. The possibil-
ity of reporting bias in the entire network will be assessed
using the RoB-MEN framework [28].

Evaluating the confidence in estimates

The confidence in estimates of the main outcome will
be evaluated with the framework Confidence in Net-
work Meta-Analysis (CINeMA) [38], an adaptation of
the Grading of Recommendations Assessment, Develop-
ment, and Evaluation framework (GRADE) specifically
developed for NMA. Within this framework, we will cre-
ate tables with Summary of Confidence for the primary
outcome “cognition composite score” and for the seven
cognitive domains [38].

Statistical software

We will perform all analyses using the frequentist soft-
ware R [39] (packages meta and netmeta [40, 41]). Net-
work meta-regression will be performed in a Bayesian
framework using self-programmed routines in JAGS [42].

Discussion

This network meta-analysis will examine the effect of
antipsychotic drugs on cognitive function in individu-
als with schizophrenia. Considering the large number of
available substances, conventional pairwise meta-analy-
sis is not capable of providing a sufficient overview. The
analysis will benefit from maximal statistical power by
combining direct and indirect comparisons in NMA,
measuring the relative effects of the different antipsy-
chotics on cognition. We will derive evidence-based
hierarchies showing which antipsychotic has the largest
effect in each cognitive domain.

Network meta-analysis currently presents the most
advanced way to summarize evidence from multiple
(in theory interchangeable) treatments, the meaning-
fulness of the obtained results is highly dependent on
the quality of included studies. We expect high heter-
ogeneity in the reporting of cognition measurements
and a low percentage of studies that follow the actual
MATRICS recommendations, given that we plan to
include studies without restriction in terms of publi-
cation date. Including studies conducted over such a
long timeframe, with differing methodologies and dif-
ferent patient populations such as children, individuals
with treatment-resistant schizophrenia, or first-episode
patients, poses a challenge to the assumption of transi-
tivity needed for network meta-analysis. While we do
consider it meaningful to include a variety of different
study settings and participants, we will meticulously
explore the sources of heterogeneity in the network.
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We will also be very strict in selecting the eligible
test measures and matching them to the MATRICS
domains to make the obtained values more comparable.

While addressing cognitive dysfunction in schizo-
phrenia should not be restricted to antipsychotic drug
choice, and cognitive remediation programs did show
some effect on the cognitive symptoms of schizophre-
nia [43], we think it is of utmost importance to evaluate
the differences between the antipsychotic substances
in their effect on cognitive functioning—not only to
inform drug choice, but also to identify possible links
between the mechanism of action and effect on cogni-
tion of the various substances based on their receptor
profiles.
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CSzG Cochrane Schizophrenia Group

DSM Diagnostic and Statistical Manual of Mental Disorders

GRADE Grading of Recommendations, Assessment, Development, and
Evaluation

ICD International Classification of Diseases

LOCF Last observation carried forward

MATRICS ~ Measurement and Treatment Research to Improve Cognition in
Schizophrenia

MCCB MATRICS Consensus Cognitive Battery

NMA Network meta-analysis

PRISMA  Preferred Reporting Items of Systematic Reviews and Meta-Analy-

ses for Systematic Review Protocols
PROSPERO International Prospective Register of Systematic Reviews

RCT Randomized controlled trial

RoB Risk of bias

SD Standard deviation

SE Standard error

SIDE Separating indirect evidence from direct evidence

Standardized mean difference

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-023-02213-5.

Additional file 1. PRISMA-P Checklist.
Additional file 2. Description of search strategy.

Additional file 3. Detailed search terms for the Cochrane Schizophrenia
Trials Register.

Acknowledgements

We would like to thank Farhad Shokraneh, former information specialist of
the Cochrane Schizophrenia Group, who searched their register of trials for
potentially relevant reports.

Authors’ contributions

SLis the principal investigator, obtained funding, and supervises the study.
JST, SS, IB, and SL designed the study and provided clinical and methodologi-
cal advice. LF, NP, and SL drafted the manuscript and registered the protocol
with PROSPERO before. WPH contributed from a patient’s perspective.

DPB provided guidance from his experience with the subject. GS provided
substantial methodological and statistical advice. RRE and RSEK supervised
the project, adding their neuropsychological expertise. All authors critically
reviewed the manuscript for important intellectual content and approved its
final version.


https://doi.org/10.1186/s13643-023-02213-5
https://doi.org/10.1186/s13643-023-02213-5

Feber et al. Systematic Reviews (2023) 12:54

Funding

Open Access funding enabled and organized by Projekt DEAL. This project
was funded by the German Ministry for Education and Research (Bundesmin-
isterium fir Bildung und Forschung (BMBF)) under grant number 01KG2108.
The funding agency had no role in the study design, data collection, data
analysis, interpretation of results, or writing of the report.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate.
Not applicable.

Consent for publication
Not applicable.

Competing interests

SL has received honoraria as a consultant and/or advisor and/or for lectures
from Alkermes, Angelini, Eisai, Gedeon Richter, Janssen, Lundbeck, Lundbeck
Institute, Merck Sharp and Dohme, Otsuka, Recordati, Rovi, Sanofi Aventis,
TEVA, Medichem, and Mitsubishi. RSEK is a consultant of WCG, Merck,
Sunovion, Karuna, Boehringer-Ingelheim, and Biogen. RSEK receives royalties
from the Brief Assessment of Cognition in Schizophrenia (BACS). The other
authors declare that they have no competing interests.

Author details

'Department of Psychiatry and Psychotherapy, Klinikum rechts der Isar, School
of Medicine, Technical University of Munich, Munich, Germany. 2BASTA—
Biindnis fiir psychisch erkrankte Menschen, Munich, Germany. *Hospital de
Clinicas de Porto Alegre, Universidade Federal Do Rio Grande Do Sul (UFRGS),
Porto Alegre, Brazil. *Institute of Social and Preventive Medicine (ISPM), Uni-
versity of Bern, Bern, Switzerland. >Department of Psychiatry and Behavioral
Sciences, Duke University Medical Center, Durham, NC, USA. ®Department

of Psychiatry and Psychotherapy, Ludwig Maximilians University, Munich,
Germany.

Received: 24 August 2022 Accepted: 6 March 2023
Published online: 24 March 2023

References

1. VosT, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet. 2020;396(10258):1204-22.

2. Harvey PD, Bosia M, Cavallaro R, Howes OD, Kahn RS, Leucht S, et al.
Cognitive dysfunction in schizophrenia: an expert group paper on the
current state of the art. Schizophr Res Cogn. 2022;29:100249.

3. Bowie CR, Harvey PD. Cognitive deficits and functional outcome in
schizophrenia. Neuropsychiatr Dis Treat. 2006;2(4):531-6.

4. Dickson H, Hedges EP, Ma SY, Cullen AE, MacCabe JH, Kempton MJ, et al.
Academic achievement and schizophrenia: a systematic meta-analysis.
Psychol Med. 2020;50(12):1949-65.

5. Green MF. Impact of cognitive and social cognitive impairment on
functional outcomes in patients with schizophrenia. J Clin Psychiatry.
2016;77(Suppl 2):8-11.

6. Bouwmans C, de Sonneville C, Mulder CL, Hakkaart-van RL. Employment
and the associated impact on quality of life in people diagnosed with
schizophrenia. Neuropsychiatr Dis Treat. 2015;11:2125-42.

7. Leucht S, Tardy M, Komossa K, Heres S, Kissling W, Salanti G, et al. Antip-
sychotic drugs versus placebo for relapse prevention in schizophrenia: a
systematic review and meta-analysis. Lancet. 2012;379(9831):2063-71.

8. LeuchtS, Cipriani A, Spineli L, Mavridis D, Orey D, Richter F, et al. Com-
parative efficacy and tolerability of 15 antipsychotic drugs in schizophre-
nia: a multiple-treatments meta-analysis. Lancet. 2013;382(9896):951-62.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 7 of 8

Huhn M, Nikolakopoulou A, Schneider-Thoma J, Krause M, Samara

M, Peter N, et al. Comparative efficacy and tolerability of 32 oral
antipsychotics for the acute treatment of adults with multi-episode
schizophrenia: a systematic review and network meta-analysis. Lancet.
2019;394(10202):939-51.

Woodward ND, Purdon SE, Meltzer HY, Zald DH. A meta-analysis of
cognitive change with haloperidol in clinical trials of atypical antipsy-
chotics: dose effects and comparison to practice effects. Schizophr Res.
2007;89(1-3):211-24.

. Nielsen RE, Levander S, KjaersdamTelléus G, Jensen SOW, @stergaard

Christensen T, Leucht S. Second-generation antipsychotic effect on
cognition in patients with schizophrenia—a meta-analysis of rand-
omized clinical trials. Acta Psychiatr Scand. 2015;131(3):185-96.

Green MF, Nuechterlein KH, Kern RS, Baade LE, Fenton WS, Gold JM,
et al. Functional co-primary measures for clinical trials in schizophrenia:
results from the MATRICS Psychometric and Standardization Study. Am
J Psychiatry. 2008;165(2):221-8.

Kern RS, Nuechterlein KH, Green MF, Baade LE, Fenton WS, Gold JM,
et al. The MATRICS Consensus Cognitive Battery, part 2: co-norming
and standardization. Am J Psychiatry. 2008;165(2):214-20.
Nuechterlein KH, Green MF, Kern RS, Baade LE, Barch DM, Cohen JD,
et al. The MATRICS Consensus Cognitive Battery, part 1: test selection,
reliability, and validity. Am J Psychiatry. 2008;165(2):203-13.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cam-

eron C, et al. The PRISMA extension statement for reporting of
systematic reviews incorporating network meta-analyses of health
care interventions: checklist and explanations. Ann Intern Med.
2015;162(11):777-84.

Feber L, Peter N. Antipsychotic drugs and their effects on cognitive
function: a systematic review, pairwise and network meta-analysis.
2022. Available from: https://www.crd.york.ac.uk/prospero/display_
record.php?RecordlD=312483. Cited 2022 Aug 23.

Divine GW, Brown JT, Frazier LM. The unit of analysis error in stud-

ies about physicians’patient care behavior. J Gen Intern Med.
1992;7(6):623-9.

Leucht S, Davis JM. Which first-generation antipsychotics should be
“repurposed”for the treatment of schizophrenia. Eur Arch Psychiatry Clin
Neurosci. 2022;272(1):1-3. https://doi.org/10.1007/500406-021-01378-1.
Gardner DM, Murphy AL, O'Donnell H, Centorrino F, Baldessarini RJ.
International consensus study of antipsychotic dosing. Am J Psychiatry.
2010;167(6):686-93.

Nuechterlein KH, Barch DM, Gold JM, Goldberg TE, Green MF, Heaton RK.
Identification of separable cognitive factors in schizophrenia. Schizophr
Res. 2004;72(1):29-39.

Engel RR. TDB2Online-Dokumentation - Mehrfachstandardisierung auf
unterschiedlichen Ebenen. 2022. Available from: https://psytest.psy.med.
uni-muenchen.de/tdb2online/doku.php?id=dokumentation#mehrf
achstandardisierung_auf_unterschiedlichen_ebenen. Cited 2022 Jul 26.
COSMIN. COSMIN - improving the selection of outcome measurement instru-
ments. 2022. Available from: https.//www.cosmin.nl/. Cited 2023 Jan 11.
Cochrane Schizophrenia - register of trials. Available from: https://schiz
ophrenia.cochrane.org/register-trials. Cited 2022 Aug 2.

List of Searches Resources. Available from: https://schizophrenia.cochr
ane.org/sites/schizophrenia.cochrane.org/files/public/uploads/List%
200f%20Searches%20Resources.pdf. Cited 2022 Aug 2.

Swiss Academic Software GmbH. Citavi (Version 6) [Software]. 2021.
https://www.citavi.com/de.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA,
editors. Cochrane Handbook for Systematic Reviews of Interventions. 2nd
ed. Chichester: Wiley; 2019.

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366:14898.

Chiocchia V, Nikolakopoulou A, Higgins JPT, Page MJ, Papakonstantinou
T, Cipriani A, et al. ROB-MEN: a tool to assess risk of bias due to missing
evidence in network meta-analysis. BMC Med. 2021;19(1):304.

Turner RM, Davey J, Clarke MJ, Thompson SG, Higgins JP. Predicting

the extent of heterogeneity in meta-analysis, using empirical data

from the Cochrane Database of Systematic Reviews. Int J Epidemiol.
2012/41(3):818-27.


https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=312483
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=312483
https://doi.org/10.1007/s00406-021-01378-1
https://psytest.psy.med.uni-muenchen.de/tdb2online/doku.php?id=dokumentation#mehrfachstandardisierung_auf_unterschiedlichen_ebenen
https://psytest.psy.med.uni-muenchen.de/tdb2online/doku.php?id=dokumentation#mehrfachstandardisierung_auf_unterschiedlichen_ebenen
https://psytest.psy.med.uni-muenchen.de/tdb2online/doku.php?id=dokumentation#mehrfachstandardisierung_auf_unterschiedlichen_ebenen
https://www.cosmin.nl/
https://schizophrenia.cochrane.org/register-trials
https://schizophrenia.cochrane.org/register-trials
https://schizophrenia.cochrane.org/sites/schizophrenia.cochrane.org/files/public/uploads/List%20of%20Searches%20Resources.pdf
https://schizophrenia.cochrane.org/sites/schizophrenia.cochrane.org/files/public/uploads/List%20of%20Searches%20Resources.pdf
https://schizophrenia.cochrane.org/sites/schizophrenia.cochrane.org/files/public/uploads/List%20of%20Searches%20Resources.pdf
https://www.citavi.com/de

Feber et al. Systematic Reviews (2023) 12:54 Page 8 of 8

30. Rhodes KM, Turner RM, Higgins JPT. Empirical evidence about inconsist-
ency among studies in a pair-wise meta-analysis. Res Synth Methods.
2016;7(4):346-70.

31. Salanti G, Higgins JPT, Ades AE, loannidis JPA. Evaluation of networks of
randomized trials. Stat Methods Med Res. 2008;17(3):279-301.

32. Higgins JPT, Jackson D, Barrett JK, Lu G, Ades AE, White IR. Consistency
and inconsistency in network meta-analysis: concepts and models for
multi-arm studies. Res Synth Methods. 2012;3(2):98-110.

33. Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed
treatment comparison meta-analysis. Stat Med. 2010;29(7-8):932-44.

34, Rucker G, Schwarzer G. Ranking treatments in frequentist network meta-
analysis works without resampling methods. BMC Med Res Methodol.
2015;15(1):58.

35. Chaimani A, Salanti G. Using network meta-analysis to evaluate the
existence of small-study effects in a network of interventions. Res Synth
Methods. 2012;3(2):161-76.

36. LeuchtS, Leucht C, Huhn M, Chaimani A, Mavridis D, Helfer B, et al. Sixty
years of placebo-controlled antipsychotic drug trials in acute schizophre-
nia: systematic review, bayesian meta-analysis, and meta-regression of
efficacy predictors. Am J Psychiatry. 2017;174(10):927-42.

37. Mavridis D, Sutton A, Cipriani A, Salanti G. A fully Bayesian application
of the Copas selection model for publication bias extended to network
meta-analysis. Stat Med. 2013;32(1):51-66.

38. Nikolakopoulou A, Higgins JPT, Papakonstantinou T, Chaimani A, Del
Giovane C, Egger M, et al. CINeMA: an approach for assessing confidence
in the results of a network meta-analysis. PLoS Med. 2020;17(4):21003082.

39. R:alanguage and environment for statistical computing. Vienna: R Foun-
dation for Statistical Computing; 2022. Available from: https://www.R-
project.org/.

40. Schwarzer G. Package ‘meta”: general package for meta-analysis. Available
from: URL: https://cran.r-project.org/web/packages/meta/meta.pdf. Cited
2023 Feb 7.

41. Ricker G, Konig J, Efthimiou O et al. Package 'netmeta’: network meta-
analysis using frequentist methods. Available from: https://cran.r-project.
org/web/packages/netmeta/netmeta.pdf. Cited 2023 Feb 7.

42. JAGS - Just Another Gibbs Sampler. 2022. Available from: https://mcmc-
jags.sourceforge.io/. Cited 2023 Jan 11.

43. Vita A, Barlati S, Ceraso A, Nibbio G, Ariu C, Deste G, et al. Effectiveness,
core elements, and moderators of response of cognitive remediation
for schizophrenia: a systematic review and meta-analysis of randomized
clinical trials. JAMA Psychiat. 2021;78(8):848-58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.R-project.org/
https://www.R-project.org/
https://cran.r-project.org/web/packages/meta/meta.pdf
https://cran.r-project.org/web/packages/netmeta/netmeta.pdf
https://cran.r-project.org/web/packages/netmeta/netmeta.pdf
https://mcmc-jags.sourceforge.io/
https://mcmc-jags.sourceforge.io/

	Antipsychotic drugs and their effects on cognitive function: protocol for a systematic review, pairwise, and network meta-analysis
	Abstract 
	Background 
	Methods 
	Discussion 
	Systematic review registration 

	Background
	Objective
	Methodsdesign
	Eligibility criteria
	Characteristics of studies
	Characteristics of participants
	Interventions

	Outcome measures
	Primary outcome
	Secondary outcomes
	Search strategy
	Identification and selection of studies
	Data extraction
	Measurement of treatment effect
	Risk of bias assessment

	Data analysis
	Conventional pairwise meta-analyses
	Assessment of heterogeneity
	Network meta-analysis
	Subgroup analysis and meta-regression
	Sensitivity analyses
	Small study effects and reporting bias
	Evaluating the confidence in estimates
	Statistical software


	Discussion
	Anchor 32
	Acknowledgements
	References


