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Abstract

Background: The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
Statement, published in 2009, was designed to help systematic reviewers transparently report why
the review was done, what the authors did and what they found. Over the last decade, there have
been many advances in systematic review methodology and terminology, which have necessitated an
update to the guideline.

Objectives: To develop the PRISMA 2020 statement for reporting systematic reviews.

Methods: We reviewed 60 documents with reporting guidance for systematic reviews to generate
suggested modifications to the PRISMA 2009 statement. We sought feedback on the suggested
modifications through an online survey of 110 systematic review methodologists and journal editors.
The results of the review and survey were discussed at a 21-member in-person meeting. Following the
meeting, drafts of the PRISMA 2020 checklist, abstract checklist, explanation and elaboration and flow
diagram were generated and refined iteratively based on feedback from co-authors and a convenience
sample of 15 systematic reviewers.

Results: In this statement paper, we present the PRISMA 2020 27-item checklist, an expanded
checklist that details reporting recommendations for each item, the PRISMA 2020 abstract checklist,
and the revised flow diagrams for original and updated reviews. The checklist includes new reporting
guidance that reflects advances in methods to identify, select, appraise and synthesise studies. The
structure and presentation of the items have been modified to facilitate implementation. The PRISMA
2020 statement replaces the 2009 statement.

Conclusions: The PRISMA 2020 statement is intended to facilitate transparent, complete and accurate
reporting of systematic reviews. Improved reporting should benefit users of reviews, including
guideline developers, policy makers, health care providers, patients and other stakeholders. In order

to achieve this, we encourage authors, editors and peer-reviewers to adopt the guideline.
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INTRODUCTION

Systematic reviews serve many critical roles. They can provide syntheses of the state of knowledge in
a field, from which future research priorities can be identified; they can address questions that
otherwise could not be answered by individual studies; they can identify problems in primary research
that should be rectified in future studies; and they can generate or evaluate theories about how or
why phenomena occur. Systematic reviews therefore generate various types of knowledge for
different users of reviews (e.g. patients, health care providers, researchers, and policy makers) (1, 2).
To ensure a systematic review is valuable to users, authors should prepare a transparent, complete
and accurate account of why the review was done, what they did (e.g. how studies were identified
and selected) and what they found (e.g. characteristics of contributing studies and results of meta-

analyses). Up-to-date reporting guidance facilitates authors achieving this (3).

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement
published in 2009 (hereafter referred to as PRISMA 2009) (4-7) is a reporting guideline designed to
address poor reporting of systematic reviews (8). The PRISMA 2009 statement comprised a checklist
of 27 items recommended for reporting in systematic reviews and an ‘explanation and elaboration’
paper (9-12) providing additional reporting guidance for each item, along with exemplars of reporting.
The recommendations have been widely endorsed and adopted, as evidenced by its co-publication in
multiple journals, citation in over 60,000 reports (Scopus, August 2020), endorsement from almost
200 journals and systematic review organisations, and adoption in various disciplines. Evidence from
observational studies suggests that use of the PRISMA 2009 statement is associated with more
complete reporting of systematic reviews (13-16), although more could be done to improve adherence

to the guideline (17).

Many innovations in the conduct of systematic reviews have occurred since publication of the PRISMA
2009 statement. For example, technological advances have enabled the use of natural language
processing and machine learning to identify relevant evidence (18-20); methods have been proposed
to synthesise and present findings when meta-analysis is not possible or appropriate (21-23); and new
methods have been developed to assess the risk of bias in results of included studies (24, 25). Evidence
on sources of bias in systematic reviews has accrued, culminating in the development of new tools to
appraise the conduct of systematic reviews (26, 27). Terminology used to describe particular review
processes has also evolved, as in the shift from assessing “quality” to assessing “certainty” in the body
of evidence (28). In addition, the publishing landscape has transformed, with multiple avenues now

available for registering and disseminating systematic review protocols (29, 30), disseminating reports
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of systematic reviews, and sharing data and materials, such as preprint servers and publicly accessible
repositories. To capture these advances in the reporting of systematic reviews necessitated an update

to the PRISMA 2009 statement.

DEVELOPMENT OF PRISMA 2020

Several steps were taken to develop PRISMA 2020 (a complete description of the methods used is
available elsewhere (31)). We identified PRISMA 2009 items that were often reported incompletely
by examining the results of studies investigating the transparency of reporting of published reviews
(13, 17, 32, 33). We identified possible modifications to the PRISMA 2009 statement by reviewing 60
documents providing reporting guidance for systematic reviews (34). We gathered feedback on
suggested modifications by conducting an online survey of 110 systematic review methodologists and
journal editors (of 220 invited). We discussed proposed content and wording of the PRISMA 2020
statement, as informed by the review and survey results, at a 21-member, two-day in-person meeting
in September 2018 in Edinburgh, Scotland. Throughout 2019 and 2020, we circulated an initial draft
and five revisions of the checklist and explanation and elaboration paper to co-authors for feedback.
In April 2020, we invited 22 systematic reviewers who had expressed interest in providing feedback
on the PRISMA 2020 checklist to share their views (via an online survey) on the layout and terminology
used in a preliminary version of the checklist. Feedback was received from 15 individuals and
considered by the first author, and any revisions deemed necessary were incorporated before the final

version was approved and endorsed by all co-authors.

THE PRISMA 2020 STATEMENT

Scope of the guideline

The PRISMA 2020 statement has been designed primarily for systematic reviews of studies that
evaluate the effects of health interventions, irrespective of the design of the included studies.
However, the checklist items are applicable to reports of systematic reviews evaluating other non-
health-related interventions (e.g. social or educational interventions), and many items are applicable
to systematic reviews with objectives other than evaluating interventions (e.g. evaluating aetiology,
prevalence or prognosis). PRISMA 2020 is intended for use in systematic reviews that include synthesis
(e.g. pairwise meta-analysis, or other statistical synthesis methods), or do not include synthesis (e.g.
because only one eligible study is identified). The PRISMA 2020 items are relevant for mixed-methods
systematic reviews (which include quantitative and qualitative studies), but reporting guidelines
addressing the presentation and synthesis of qualitative data should also be consulted (35, 36).

PRISMA 2020 can be used for original systematic reviews, updated systematic reviews, or continually
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updated (“living”) systematic reviews. Where there is relevant content from other reporting guidelines,
we reference these guidelines within the items in the explanation and elaboration paper (37) (e.g.
PRISMA-Search (38) in items 7 and 8, Synthesis without meta-analysis (SWiM) reporting guideline (23)

in item 13d). Box 1 includes a glossary of terms used throughout the PRISMA 2020 statement.

PRISMA 2020 is not intended to guide systematic review conduct, for which comprehensive resources
are available (39-42). However, familiarity with PRISMA 2020 is useful when planning and conducting
systematic reviews to ensure that all recommended information is captured. Also, PRISMA 2020
should not be used to assess the conduct or methodological quality of systematic reviews; tools exist
for this purpose (26, 27). Finally, extensions to the PRISMA 2009 statement have been developed to
guide reporting of network meta-analyses (43), meta-analyses of individual participant data (44),
systematic reviews of harms (45), systematic reviews of diagnostic test accuracy studies (46) and
scoping reviews (47); for these types of reviews we recommend authors report their review in
accordance with the recommendations in PRISMA 2020 along with the guidance specific to the

extension.

How to use PRISMA 2020

The PRISMA 2020 statement (including the checklists, explanation and elaboration and flow diagram)
replaces the PRISMA 2009 statement, which should no longer be used. Box 2 summarises noteworthy
changes from the PRISMA 2009 statement. The PRISMA 2020 checklist includes seven sections with
27 items, some of which include sub-items (Table 1). A checklist for journal and conference abstracts
for systematic reviews is included in PRISMA 2020. This abstract checklist is an update of the 2013
‘PRISMA for Abstracts’ statement (48), reflecting new and modified content in PRISMA 2020 (Table 2).
A template PRISMA flow diagram is provided, which can be modified depending on whether the
systematic review is original or updated (Figure 1). The PRISMA statement website

(http://www.prisma-statement.org/) includes fillable templates of the checklists in Word to download

and complete, and an editable template for each flow diagram. We are also creating a web application

that allows users to complete the checklist via a user-friendly interface.

We have also prepared an updated explanation and elaboration paper, in which we explain why
reporting of each item is recommended and present bullet points that detail the reporting
recommendations (which we refer to as ‘elements’) (37). The bullet point structure is new to PRISMA
2020 and has been adopted to facilitate implementation of the guidance (49, 50). An expanded

checklist, which comprises an abridged version of the ‘elements’ presented in the explanation and
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elaboration paper, with references and some examples removed, is presented in Table 3. Consulting

the explanation and elaboration paper is recommended if further clarity or information is required.

Ideally, each checklist item should be addressed within the main report of the review. Where this is
not possible (e.g. journal policies require that full search strategies be included as supplementary
material), we encourage uploading of additional content to an open-access repository that provides
free and permanent access to the material (e.g. Open Science Framework, Dryad, figshare). A

reference or link to the additional information should be included in the main report.

DISCUSSION

Use of PRISMA 2020 has the potential to benefit many stakeholders. Complete reporting allows
readers to assess the appropriateness of the methods, and therefore the trustworthiness of the
findings. Presenting and summarising characteristics of studies contributing to a synthesis allows
health care providers and policy makers to evaluate the applicability of the findings to their setting.
Describing the certainty in the body of evidence for an outcome and the implications of findings should
help policy makers, managers and other decision makers formulate appropriate recommendations for
practice or policy. Complete reporting of all PRISMA 2020 items also facilitates replication and review
updates, as well as inclusion of systematic reviews in overviews (of systematic reviews) and guidelines,

so teams can leverage work that is already done and decrease research waste (32, 51, 52).

We updated the PRISMA 2009 statement by adapting the EQUATOR Network’s guidance for
developing health research reporting guidelines (53). We evaluated the reporting completeness of
published systematic reviews (13, 17, 32, 33), reviewed the items included in other reporting guidance
for systematic reviews (34), surveyed systematic review methodologists and journal editors for their
views on how to revise the original PRISMA statement (31), discussed the findings at an in-person
meeting, and prepared this document through an iterative process. Our recommendations are
informed by the reviews and survey conducted prior to the in-person meeting, theoretical
considerations about which items facilitate replication and help users assess the risk of bias and
applicability of systematic reviews, and co-authors’ experience with authoring and using systematic

reviews.

Various strategies to increase the use of reporting guidelines and improve reporting have been
proposed. They include educators introducing reporting guidelines into graduate curricula to promote

good reporting habits of early career scientists (54); journal editors and regulators endorsing use of
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reporting guidelines (14); peer reviewers evaluating adherence to reporting guidelines (50, 55);
journals requiring authors to indicate where in their manuscript they have adhered to each reporting
item (56); and authors using online writing tools that prompt complete reporting at the writing stage
(49). Of 31 interventions proposed to increase adherence to reporting guidelines, the effects of only
11 have been evaluated, mostly in observational studies at high risk of bias due to confounding (57).
It is therefore unclear which strategies should be used. Future research might explore barriers and
facilitators to the use of PRISMA 2020 by authors, editors and peer reviewers, designing interventions
that address the identified barriers, and evaluating those interventions using randomized trials. To
inform possible revisions to the guideline, it would also be valuable to conduct think-aloud studies (58)
to understand how systematic reviewers interpret the items, and reliability studies to identify items

where there is varied interpretation of the items.

We encourage readers to submit evidence that informs any of the recommendations in PRISMA 2020

(via the PRISMA statement website: http://www.prisma-statement.org/). To enhance accessibility of

PRISMA 2020, several translations of the guideline are underway (see available translations at the
PRISMA statement website). We encourage journal editors to raise awareness of PRISMA 2020 by
updating their “Instructions to Authors”, endorsing its use and advising editors and peer reviewers to
evaluate submitted systematic reviews against the PRISMA 2020 items. We recommend existing
PRISMA extensions (43-47, 59-61) be updated to reflect PRISMA 2020, and advise developers of new

PRISMA extensions to use PRISMA 2020 as the foundation document.

Conclusion

We anticipate that the PRISMA 2020 statement will benefit authors, editors, and peer reviewers of
systematic reviews, and different users of reviews, including guideline developers, policy makers
health care providers, patients and other stakeholders. Ultimately, we hope that uptake of the
guideline will lead to more transparent, complete and accurate reporting of systematic reviews, thus

facilitating evidence-based decision-making.
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Box 1. Glossary

Systematic review: A review that uses explicit, systematic methods to collate and synthesize
findings of studies that address a clearly formulated question (39).

Statistical synthesis: The combination of quantitative results of two or more studies. This
encompasses meta-analysis of effect estimates (described below) and other methods, such as
combining P values, calculating the range and distribution of observed effects, and vote counting
based on the direction of effect (see McKenzie and Brennan (21) for a description of each method).

Meta-analysis of effect estimates: A statistical technique used to synthesize results when study
effect estimates and their variances are available, yielding a quantitative summary of results (21).

Outcome: An event or measurement collected for participants in a study (e.g. quality of life,
mortality).

Result: The combination of a point estimate (such as a mean difference, risk ratio or proportion)
and a measure of its precision (such as a confidence/credible interval) for a particular outcome.

Report: A document (paper or electronic) supplying information about a particular study. It could
be a journal article, preprint, conference abstract, study register entry, clinical study report,
dissertation, unpublished manuscript, government report or any other document providing
relevant information.

Record: The title or abstract (or both) of a report indexed in a database or website (e.g. a title or
abstract for an article indexed in MEDLINE). Records that refer to the same report (e.g., the same
journal article) are “duplicates”; however, records that refer to reports that are merely similar (e.g.
a similar abstract submitted to two different conferences) should be considered unique.

Study: An investigation, such as a clinical trial, that includes a defined group of participants and one
or more interventions and outcomes. A “study” might have multiple reports. For example, reports
could include the protocol, statistical analysis plan, baseline characteristics, results for the primary
outcome, results for harms, results for secondary outcomes, and results for additional mediator
and moderator analyses.
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Box 2. Noteworthy changes to the PRISMA 2009 statement

Inclusion of the abstract reporting checklist within PRISMA 2020 (see item #2 and Table 2).

Movement of the ‘Protocol and registration’ item from the start of the Methods section of the
checklist to a new Other section, with addition of a sub-item recommending authors describe
amendments to information provided at registration or in the protocol (see item #24a-24c).

Modification of the ‘Search’ item to recommend authors present full search strategies for all
databases, registers and websites searched, not just at least one database (see item #7).

Modification of the ‘Study selection’ item in the Methods section to emphasise the reporting of
how many reviewers screened each record and each report retrieved, whether they worked
independently, and if applicable, details of automation tools used in the process (see item #8).

Addition of a sub-item to the ‘Data items’ item recommending authors report how outcomes were
defined, which results were sought, and methods for selecting a subset of results from included
studies (see item #10a).

Splitting of the ‘Synthesis of results’ item in the Methods section into six sub-items recommending
authors describe: the processes used to decide which studies were eligible for each synthesis; any
methods required to prepare the data for synthesis; any methods used to tabulate or visually
display results of individual studies and syntheses; any methods used to synthesize results; any
methods used to explore possible causes of heterogeneity among study results; and any sensitivity
analyses used to assess robustness of the synthesized results (see item #13a-13f).

Addition of a sub-item to the ‘Study selection’ item in the Results section recommending authors
list citations of studies that met many but not all inclusion criteria (‘near-misses’) and explain why
they were excluded (see item #16b).

Splitting of the ‘Synthesis of results’ item in the Results section into four sub-items recommending
authors: summarise the characteristics and risk of bias among studies contributing to the synthesis;
present results of all syntheses conducted; present results of any investigations of possible causes
of heterogeneity among study results; and present results of any sensitivity analyses (see item #20a-
20d).

Addition of new items recommending authors report methods for and results of an assessment of
certainty (or confidence) in the body of evidence for an outcome (see items #15 and #22).

Addition of a new item recommending authors declare any competing interests (see item #26).

Addition of a new item recommending authors indicate whether data, analytic code and other
materials used in the review are publicly available and if so, where they can be found (see item
#27).
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Section and Topic Item#  Checklist item

TITLE

Title 1 Identify the report as a systematic review.

ABSTRACT

Abstract 2 See the PRISMA 2020 for Abstracts checklist (Table 2).

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of existing knowledge.

Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses.

METHODS

Eligibility criteria Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.

Information sources Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the
date when each source was last searched or consulted.

Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used.

Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.

Data items 10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study
were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any
assumptions made about any missing or unclear information.

Study risk of bias 11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each

assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis.

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data
conversions.

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses.

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s),
method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.

13e Describe any methods used to explore possible causes of heterogeneity among study results.

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
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Section and Topic Item # Checklist item
Reporting bias assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
RESULTS
Study selection 16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in
the review, ideally using a flow diagram (see Figure 1).
16b Cite studies that met many but not all inclusion criteria (‘near-misses’) and explain why they were excluded.
Study characteristics 17 Cite each included study and present its characteristics.
Risk of bias in studies 18 Present assessments of risk of bias for each included study.
Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision
studies (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c Present results of all investigations of possible causes of heterogeneity among study results.
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other evidence.
23b Discuss any limitations of the evidence included in the review.
23c Discuss any limitations of the review processes used.
23d Discuss implications of the results for practice, policy, and future research.
OTHER INFORMATION
Registration and protocol 24a Provide registration information for the review, including register name and registration number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
24c¢ Describe and explain any amendments to information provided at registration or in the protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
Competing interests 26 Declare any competing interests of review authors.
Availability of data, code 27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included

and other materials

studies; data used for all analyses; analytic code; any other materials used in the review.
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Table 2. PRISMA 2020 for Abstracts checklist*

Section and Topic Item # Checklist item

TITLE

Title 1 Identify the report as a systematic review.

BACKGROUND

Objectives 2 Provide an explicit statement of the main objective(s) or question(s)
the review addresses.

METHODS

Eligibility criteria 3 Specify the inclusion and exclusion criteria for the review.

Information Specify the information sources (e.g. databases, registers) used to

sources identify studies and the date when each was last searched.

Risk of bias 5 Specify the methods used to assess risk of bias in the included
studies.

Synthesis of 6 Specify the methods used to present and synthesize results.

results

RESULTS

Included studies 7 Give the total number of included studies and participants and
summarise relevant characteristics of studies.

Synthesis of 8 Present results for main outcomes, preferably indicating the

results number of included studies and participants for each. If meta-
analysis was done, report the summary estimate and
confidence/credible interval. If comparing groups, indicate the
direction of the effect (i.e. which group is favoured).

DISCUSSION

Limitations of 9 Provide a brief summary of the limitations of the evidence included

evidence in the review (e.g. study risk of bias, inconsistency and imprecision).

Interpretation 10 Provide a general interpretation of the results and important
implications.

OTHER

Funding 11 Specify the primary source of funding for the review.

Registration 12 Provide the register name and registration number.

*This abstract checklist retains the same items as those included in the PRISMA for Abstracts
statement published in 2013 (48), but has been revised to make the wording consistent with the
PRISMA 2020 statement and includes a new item recommending authors specify the methods used
to present and synthesize results (item #6).
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Note: This expanded checklist details elements recommended for reporting for each PRISMA 2020 item. Non-italicized elements are considered ‘essential’
and should be reported in all systematic reviews (except for those preceded by “If...”, which should only be reported where applicable). Elements written in
italics are ‘additional’, and while not essential, provide supplementary information that may enhance the completeness and usability of systematic review
reports. Note that elements presented here are an abridged version of those presented in the explanation and elaboration paper (37), with references and
some examples removed. Consulting the explanation and elaboration paper is recommended if further clarity or information is required.

Section # Topic Elements recommended for reporting
TITLE 1 TITLE e Identify the report as a systematic review in the title.

e Report an informative title that provides key information about the main objective or question the
review addresses (e.g. the population(s) and intervention(s) the review addresses).

e Consider providing additional information in the title, such as the method of analysis used, the designs of
included studies, or an indication that the review is an update of an existing review, or a continually
updated (“living”) systematic review.

ABSTRACT 2 ABSTRACT e Report an abstract addressing each item in the PRISMA 2020 for Abstracts checklist (Table 2).
INTRODUCTION 3 RATIONALE e Describe the current state of knowledge and its uncertainties.

e Articulate why it is important to do the review.

e If other systematic reviews addressing the same (or a largely similar) question are available, explain why
the current review was considered necessary. If the review is an update or replication of a particular
systematic review, indicate this and cite the previous review.

e If the review examines the effects of interventions, also briefly describe how the intervention(s)
examined might work.

e [f there is complexity in the intervention or context of its delivery (or both) (e.g. multi-component
interventions, equity considerations), consider presenting a logic model to visually display the
hypothesised relationship between intervention components and outcomes.

INTRODUCTION 4 OBJECTIVES e Provide an explicit statement of all objective(s) or question(s) the review addresses, expressed in terms

of a relevant question formulation framework.
If the purpose is to evaluate the effects of interventions, use the Population, Intervention, Comparator,
Outcome (PICO) framework or one of its variants, to state the comparisons that will be made.
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Section # Topic Elements recommended for reporting
METHODS 5 ELIGIBILITY e Specify all study characteristics used to decide whether a study was eligible for inclusion in the review,
CRITERIA that is, components described in the PICO framework or one of its variants, and other characteristics,
such as eligible study design(s) and setting(s), and minimum duration of follow-up.

e Specify eligibility criteria with regard to report characteristics, such as year of dissemination, language,
and report status (e.g. whether reports, such as unpublished manuscripts and conference abstracts,
were eligible for inclusion).

e Clearly indicate if studies were ineligible because the outcomes of interest were not measured, or
ineligible because the results for the outcome of interest were not reported.

e Specify any groups used in the synthesis (e.g. intervention, outcome and population groups) and link
these to the comparisons specified in the objectives (item #4).

e Consider providing rationales for any notable restrictions to study eligibility.

METHODS 6 INFORMATION e Specify all databases, registers, websites, organisations, reference lists and other sources searched or
SOURCES consulted to identify studies.

Specify the date when each source was last searched or consulted.

If bibliographic databases were searched, specify for each database its name (e.g. MEDLINE, CINAHL),
the interface or platform through which the database was searched (e.g. Ovid, EBSCOhost), and the
dates of coverage (where this information is provided).

If study registers, regulatory databases and other online repositories were searched, specify the name of
each source and any date restrictions that were applied.

If websites, search engines or other online sources were browsed or searched, specify the name of each
source.

If organisations or manufacturers were contacted to identify studies, specify the name of each source.
If individuals were contacted to identify studies, specify the types of individuals contacted (e.g. authors
of studies included in the review or researchers with expertise in the area).

If references lists were examined, specify the types of references examined (e.g. references of studies
included in the systematic review, or references of systematic reviews on the same or similar topic).

If cited or citing reference searches (also called backward and forward citation searching) were
conducted, specify the bibliographic details of the reports to which citation searching was applied, the
citation index or platform used (e.g. Web of Science), and the date the citation searching was done.

If journals or conference proceedings were consulted, specify of the names of each source, the dates
covered and how they were searched (e.g. handsearching or browsing online).
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Section # Topic Elements recommended for reporting
METHODS 7 SEARCH e Provide the full line by line search strategy as run in each database with a sophisticated interface (such
STRATEGY as Ovid), or the sequence of terms that were used to search simpler interfaces, such as search engines
or websites. Make all search strategies publicly accessible.

e Describe any limits applied to the search strategy (e.g. date or language) and justify these by linking
back to the review’s eligibility criteria.

e If published approaches, including search filters designed to retrieve specific types of records or search
strategies from other systematic reviews, were used, cite them. If published approaches were adapted,
for example if search filters are amended, note the changes made.

e If natural language processing or text frequency analysis tools were used to identify keywords,
synonyms or subject indexing terms to use in the search strategy, specify the tool(s) used.

e If the search strategy was validated, for example by evaluating whether it could identify a set of clearly
eligible studies, report the validation process used and specify which studies were included in the
validation set.

e If the search strategy was peer reviewed, report the peer review process used and specify any tool used
such as the Peer Review of Electronic Search Strategies (PRESS) checklist.

e If languages other than English were used to carry out searches, specify the languages used.

e If the search strategy structure adopted was not based on a PICO-style approach, describe the final
conceptual structure and any explorations that were undertaken to achieve it.

METHODS 8 SELECTION Recommendations for reporting regardless of the selection processes used:
PROCESS

Report how many reviewers screened each record (title/abstract) and each report retrieved, whether
multiple reviewers worked independently at each stage of screening or not, and any processes used to
resolve disagreements between screeners.

Report any processes used to obtain or confirm relevant information from study investigators.

If articles required translation into another language to determine their eligibility, report how these
articles were translated.

Recommendations for reporting in systematic reviews using automation tools in the selection process:

Report how automation tools were integrated within the overall study selection process.
If an externally derived machine learning classifier was applied (e.g. Cochrane RCT Classifier), either to
eliminate records or to replace a single screener, include a reference or URL to the version used. If the
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Section # Topic

Elements recommended for reporting

classifier was used to eliminate records before screening, report the number eliminated in the PRISMA
flow diagram as ‘Records marked as ineligible by automation tools’.

If an internally derived machine learning classifier was used to assist with the screening process, identify
the software/classifier and version, describe how it was used (e.g. to remove records or replace a single
screener) and trained (if relevant), and what internal or external validation was done to understand the
risk of missed studies or incorrect classifications.

If machine learning algorithms were used to prioritise screening (whereby unscreened records are
continually re-ordered based on screening decisions), state the software used and provide details of any
screening rules applied.

Recommendations for reporting in systematic reviews using crowdsourcing or previous ‘known’ assessments
in the selection process:

If crowdsourcing was used to screen records, provide details of the platform used and specify how it
was integrated within the overall study selection process.

If datasets of already-screened records were used to eliminate records retrieved by the search from
further consideration, briefly describe the derivation of these datasets.

METHODS 9 DATA
COLLECTION
PROCESS

Report how many reviewers collected data from each report, whether multiple reviewers worked
independently or not, and any processes used to resolve disagreements between data collectors.
Report any processes used to obtain or confirm relevant data from study investigators.

If any automation tools were used to collect data, report how the tool was used, how the tool was
trained, and what internal or external validation was done to understand the risk of incorrect
extractions.

If articles required translation into another language to enable data collection, report how these articles
were translated.

If any software was used to extract data from figures, specify the software used.

If any decision rules were used to select data from multiple reports corresponding to a study, and any
steps were taken to resolve inconsistencies across reports, report the rules and steps used.

METHODS 10a DATAITEMS
(outcomes)

List and define the outcome domains and time frame of measurement for which data were sought.
Specify whether all results that were compatible with each outcome domain in each study were sought,
and if not, what process was used to select results within eligible domains.
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Section

Topic

Elements recommended for reporting

If any changes were made to the inclusion or definition of the outcome domains, or to the importance
given to them in the review, specify the changes, along with a rationale.

If any changes were made to the processes used to select results within eligible outcome domains,
specify the changes, along with a rationale.

Consider specifying which outcome domains were considered the most important for interpreting the
review’s conclusions and provide rationale for the labelling.

METHODS

10b

DATA ITEMS
(other variables)

List and define all other variables for which data were sought (e.g. participant and intervention
characteristics, funding sources).

Describe any assumptions made about any missing or unclear information from the studies.

If a tool was used to inform which data items to collect, cite the tool used.

METHODS

11

STUDY RISK OF
BIAS
ASSESSMENT

Specify the tool(s) (and version) used to assess risk of bias in the included studies.

Specify the methodological domains/components/items of the risk of bias tool(s) used.

Report whether an overall risk of bias judgement that summarised across domains/components/items
was made, and if so, what rules were used to reach an overall judgement.

If any adaptations to an existing tool to assess risk of bias in studies were made, specify the adaptations.
If a new risk of bias tool was developed for use in the review, describe the content of the tool and make
it publicly accessible.

Report how many reviewers assessed risk of bias in each study, whether multiple reviewers worked
independently, and any processes used to resolve disagreements between assessors.

Report any processes used to obtain or confirm relevant information from study investigators.

If an automation tool was used to assess risk of bias, report how the automation tool was used, how the
tool was trained, and details on the tool’s performance and internal validation.

METHODS

12

EFFECT
MEASURES

Specify for each outcome (or type of outcome [e.g. binary, continuous]), the effect measure(s) (e.g. risk
ratio, mean difference) used in the synthesis or presentation of results.

If synthesized results were re-expressed to a different effect measure, report the method used to re-
express results (e.g. meta-analysing risk ratios and computing an absolute risk reduction based on an
assumed comparator risk).

Consider providing justification for the choice of effect measure.

METHODS

13a

SYNTHESIS
METHODS

Describe the processes used to decide which studies were eligible for each synthesis.
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(eligibility for
synthesis)
METHODS 13b SYNTHESIS e Report any methods required to prepare the data collected from studies for presentation or synthesis,
METHODS such as handling of missing summary statistics, or data conversions.
(preparing for
synthesis)
METHODS 13c  SYNTHESIS e Report chosen tabular structure(s) used to display results of individual studies and syntheses, along with
METHODS details of the data presented.
(tabulation and e Report chosen graphical methods used to visually display results of individual studies and syntheses.
graphical e [fstudies are ordered or grouped within tables or graphs, consider reporting the basis for the chosen
methods) ordering/grouping.
e If non-standard graphs were used, consider reporting the rationale for selecting the chosen graph.
METHODS 13d SYNTHESIS e If statistical synthesis methods were used, reference the software, packages and version numbers used
METHODS to implement synthesis methods.
(statistical e If it was not possible to conduct a meta-analysis, describe and justify the synthesis methods or summary
synthesis approach used.
methods) e If meta-analysis was done, specify:

o the meta-analysis model (fixed-effect, fixed-effects or random-effects) and provide rationale for
the selected model.

o the method used (e.g. Mantel-Haenszel, inverse-variance).

o any methods used to identify or quantify statistical heterogeneity (e.g. visual inspection of
results, a formal statistical test for heterogeneity, heterogeneity variance (t2), inconsistency
(e.g. 1?), and prediction intervals).

e If arandom-effects meta-analysis model was used:

o specify the between-study (heterogeneity) variance estimator used (e.g. DerSimonian and Laird,
restricted maximum likelihood (REML)).

o specify the method used to calculate the confidence interval for the summary effect (e.g. Wald-
type confidence interval, Hartung-Knapp-Sidik-Jonkman).

o consider specifying other details about the methods used, such as the method for calculating
confidence limits for the heterogeneity variance.
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e If a Bayesian approach to meta-analysis was used, describe the prior distributions about quantities of
interest (e.g. intervention effect being analysed, amount of heterogeneity in results across studies).

e If multiple effect estimates from a study were included in a meta-analysis, describe the method(s) used
to model or account for the statistical dependency (e.g. multivariate meta-analysis, multilevel models or
robust variance estimation).

e If a planned synthesis was not considered possible or appropriate, report this and the reason for that
decision.

METHODS 13e SYNTHESIS e If methods were used to explore possible causes of statistical heterogeneity, specify the method used
METHODS (e.g. subgroup analysis, meta-regression).
(methods to e If subgroup analysis or meta-regression was performed, specify for each:
explore o which factors were explored, levels of those factors, and which direction of effect modification
heterogeneity) was expected and why (where possible).
o whether analyses were conducted using study-level variables (i.e. where each study is included
in one subgroup only), within-study contrasts (i.e. where data on subsets of participants within a
study are available, allowing the study to be included in more than one subgroup), or some
combination of the above.
o how subgroup effects were compared (e.g. statistical test for interaction for subgroup analyses).

e If other methods were used to explore heterogeneity because data were not amenable to meta-analysis
of effect estimates (e.g. structuring tables to examine variation in results across studies based on
subpopulation), describe the methods used, along with the factors and levels.

e If any analyses used to explore heterogeneity were not pre-specified, identify them as such.

METHODS 13f  SYNTHESIS e If sensitivity analyses were performed, provide details of each analysis (e.g. removal of studies at high
METHODS risk of bias, use of an alternative meta-analysis model).
(sensitivity e If any sensitivity analyses were not pre-specified, identify them as such.
analyses)

METHODS 13 REPORTING BIAS e Specify the methods (tool, graphical, statistical or other) used to assess the risk of bias due to missing
ASSESSMENT results in a synthesis (arising from reporting biases).

If risk of bias due to missing results was assessed using an existing tool, specify the methodological
components/domains/items of the tool, and the process used to reach a judgement of overall risk of
bias.
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If any adaptations to an existing tool to assess risk of bias due to missing results were made, specify the
adaptations.

If a new tool to assess risk of bias due to missing results was developed for use in the review, describe
the content of the tool and make it publicly accessible.

Report how many reviewers assessed risk of bias due to missing results in a synthesis, whether multiple
reviewers worked independently, and any processes used to resolve disagreements between assessors.
Report any processes used to obtain or confirm relevant information from study investigators.

If an automation tool was used to assess risk of bias due to missing results, report how the automation
tool was used, how the tool was trained, and details on the tool’s performance and internal validation.

METHODS

15

CERTAINTY
ASSESSMENT

Specify the tool or system (and version) used to assess certainty (or confidence) in the body of evidence.
Report the factors considered (e.g. precision of the effect estimate, consistency of findings across
studies) and the criteria used to assess each factor when assessing certainty in the body of evidence.
Describe the decision rules used to arrive at an overall judgement of the level of certainty, together with
the intended interpretation (or definition) of each level of certainty.

If applicable, report any review-specific considerations for assessing certainty, such as thresholds used
to assess imprecision and the rationale for these thresholds.

If any adaptations to an existing tool or system to assess certainty were made, specify the adaptations.
Report how many reviewers assessed certainty in the body of evidence for an outcome, whether
multiple reviewers worked independently, and any processes used to resolve disagreements between
assessors.

Report any processes used to obtain or confirm relevant information from investigators.

If an automation tool was used to support the assessment of certainty, report how the automation tool
was used, how the tool was trained, and details on the tool’s performance and internal validation.
Describe methods for reporting the results of assessments of certainty, such as the use of Summary of
Findings tables.

If standard phrases that incorporate the certainty of evidence were used (e.g. “hip protectors probably
reduce the risk of hip fracture slightly”), report the intended interpretation of each phrase and the
reference for the source guidance.

RESULTS

16a

STUDY SELECTION
(flow of studies)

Report, ideally using a flow diagram, the number of: records identified; records excluded before
screening; records screened; records excluded after screening titles or titles and abstracts; reports
retrieved for detailed evaluation; potentially eligible reports that were not retrievable; retrieved reports
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that did not meet inclusion criteria and the primary reasons for exclusion; and the number of studies
and reports included in the review. If applicable, also report the number of ongoing studies and
associated reports identified.

If the review is an update of a previous review, report results of the search and selection process for the
current review and specify the number of studies included in the previous review.

If applicable, indicate in the PRISMA flow diagram how many records were excluded by a human and
how many by automation tools.

RESULTS

16b

STUDY SELECTION
(excluded studies)

Cite studies that met many but not all inclusion criteria (‘near-misses’) and explain why they were
excluded.

RESULTS

17

STUDY
CHARACTERISTICS

Cite each included study.

Present the key characteristics of each study in a table or figure (considering a format that will facilitate
comparison of characteristics across the studies).

If the review examines the effects of interventions, consider presenting an additional table that
summarises the intervention details for each study.

RESULTS

18

RISK OF BIAS IN
STUDIES

Present tables or figures indicating for each study the risk of bias in each domain/component/item
assessed (e.g. blinding of outcome assessors, missing outcome data) and overall study-level risk of bias.
Present justification for each risk of bias judgement, for example in the form of relevant quotations from
reports of included studies.

If assessments of risk of bias were done for specific outcomes or results in each study, consider displaying
risk of bias judgements on a forest plot, next to the study results.

RESULTS

19

RESULTS OF
INDIVIDUAL
STUDIES

For all outcomes, irrespective of whether statistical synthesis was undertaken, present for each study
summary statistics for each group (where appropriate). For dichotomous outcomes, report the number
of participants with and without the events for each group; or the number with the event and the total
for each group (e.g. 12/45). For continuous outcomes, report the mean, standard deviation and sample
size of each group.

For all outcomes, irrespective of whether statistical synthesis was undertaken, present for each study an
effect estimate and its precision (e.g. standard error or 95% confidence/credible interval). For example,
for time-to-event outcomes, present a hazard ratio and its confidence interval.

If study-level data is presented visually or reported in the text (or both), also present a tabular display of
the results.
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e If results were obtained from multiple data sources (e.g. journal article, study register entry, clinical
study report, correspondence with authors), report the source of the data.

e If applicable, indicate which results were not reported directly and had to be computed or estimated
from other information.

RESULTS 20a RESULTS OF e Provide a brief summary of the characteristics and risk of bias among studies contributing to each
SYNTHESES synthesis (meta-analysis or other). The summary should focus only on study characteristics that help in
(characteristics of interpreting the results (especially those that suggest the evidence addresses only a restricted part of
contributing the review question, or indirectly addresses the question).
studies) e Indicate which studies were included in each synthesis (e.g. by listing each study in a forest plot or table

or citing studies in the text).

RESULTS 20b RESULTS OF e Report results of all statistical syntheses described in the protocol and all syntheses conducted that
SYNTHESES were not pre-specified.
(results of e If meta-analysis was conducted, report for each:
statistical o the summary estimate and its precision (e.g. standard error or 95% confidence/credible interval)
syntheses) o measures of statistical heterogeneity (e.g. T2, I?, prediction interval)

e If other statistical synthesis methods were used (e.g. summarising effect estimates, combining P values),
report the synthesized result and a measure of precision (or equivalent information, for example, the
number of studies and total sample size).

e |If the statistical synthesis method does not yield an estimate of effect (e.g. as is the case when P values
are combined), report the relevant statistics (e.g. P value from the statistical test), along with an
interpretation of the result that is consistent with the question addressed by the synthesis method.

e If comparing groups, describe the direction of effect (e.g. fewer events in the intervention group, or
higher pain in the comparator group).

e If synthesising mean differences, specify for each synthesis, where applicable, the unit of measurement
(e.g. kilograms or pounds for weight), the upper and lower limits of the measurement scale (e.g. anchors
range from 0 to 10), direction of benefit (e.g. higher scores denote higher severity of pain), and the
minimal clinically important difference, if known.

RESULTS 20c RESULTS OF e If investigations of possible causes of heterogeneity were conducted:
SYNTHESES o present results regardless of the statistical significance, magnitude, or direction of effect
(results of modification.
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investigations of
heterogeneity)

@)
@)

identify the studies contributing to each subgroup.
report results with due consideration to the observational nature of the analysis and risk of
confounding due to other factors.

If subgroup analysis was conducted:

o

o

report for each analysis the exact P value for a test for interaction, as well as, within each
subgroup, the summary estimates, their precision (e.g. standard error or 95%
confidence/credible interval) and measures of heterogeneity.

consider presenting the estimate for the difference between subgroups and its precision.

If meta-regression was conducted:

]
]

report for each analysis the exact P value for the regression coefficient and its precision.
consider presenting a meta-regression scatterplot with the study effect estimates plotted
against the potential effect modifier.

If informal methods (i.e. those that do not involve a formal statistical test) were used to investigate
heterogeneity, describe the results observed.

RESULTS 20d RESULTS OF e If any sensitivity analyses were conducted:
SYNTHESES o report the results for each sensitivity analysis.
(results of o comment on how robust the main analysis was given the results of all corresponding sensitivity
sensitivity analyses.
analyses) o consider presenting results in tables that indicate: (i) the summary effect estimate, a measure of
precision (and potentially other relevant statistics, for example, I? statistic) and contributing
studies for the original meta-analysis; (ii) the same information for the sensitivity analysis; and
(iii) details of the original and sensitivity analysis assumptions.
o consider presenting results of sensitivity analyses visually using forest plots.
RESULTS 21  REPORTING e Present assessments of risk of bias due to missing results (arising from reporting biases) for each
BIASES synthesis assessed.

If a tool was used to assess risk of bias due to missing results in a synthesis, present responses to
questions in the tool, judgements about risk of bias and any information used to support such
judgements.

If a funnel plot was generated to evaluate small-study effects (one cause of which is reporting biases),
present the plot and specify the effect estimate and measure of precision used in the plot. If a contour-
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enhanced funnel plot was generated, specify the ‘milestones’ of statistical significance that the plotted
contour lines represent (P =0.01, 0.05, 0.1, etc.)

o If a test for funnel plot asymmetry was used, report the exact P value observed for the test, and
potentially other relevant statistics, for example the standardised normal deviate, from which the P
value is derived.

e If any sensitivity analyses seeking to explore the potential impact of missing results on the synthesis
were conducted, present results of each analysis (see item #20d), compare them with results of the
primary analysis, and report results with due consideration of the limitations of the statistical method.

e [f studies were assessed for selective non-reporting of results by comparing outcomes and analyses pre-
specified in study registers, protocols, and statistical analysis plans with results that were available in
study reports, consider presenting a matrix (with rows as studies and columns as syntheses) to present
the availability of study results.

e [fan assessment of selective non-reporting of results reveals that some studies are missing from the
synthesis, consider displaying the studies with missing results underneath a forest plot or including a
table with the available study results.

RESULTS 22 CERTAINTY OF e Report the overall level of certainty (or confidence) in the body of evidence for each important
EVIDENCE outcome.
e Provide an explanation of reasons for downgrading (or upgrading) the evidence (e.g. in footnotes to an
evidence summary table).
e Communicate certainty in the evidence wherever results are reported (i.e. abstract, evidence summary
tables, results, conclusions), using a format appropriate for the section of the review.
e Consider including evidence summary tables, such as GRADE Summary of Findings tables.

DISCUSSION 23a DISCUSSION e Provide a general interpretation of the results in the context of other evidence.
(interpretation)
DISCUSSION 23b  DISCUSSION e Discuss any limitations of the evidence included in the review.
(limitations of
evidence)
DISCUSSION 23c  DISCUSSION e Discuss any limitations of the review processes used, and comment on the potential impact of each
(limitations of limitation.

review processes)
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DISCUSSION 23d DISCUSSION e Discuss implications of the results for practice and policy.

(implications) e Make explicit recommendations for future research.
OTHER 242 REGISTRATION e Provide registration information for the review, including register name and registration number, or
INFORMATION AND PROTOCOL state that the review was not registered.

(registration)
OTHER 24b  REGISTRATION e Indicate where the review protocol can be accessed (e.g. by providing a citation, DOI or link), or state
INFORMATION AND PROTOCOL that a protocol was not prepared.

(protocol)
OTHER 24c  REGISTRATION e Report details of any amendments to information provided at registration or in the protocol, noting: (a)
INFORMATION AND PROTOCOL the amendment itself; (b) the reason for the amendment; and (c) the stage of the review process at

(amendments) which the amendment was implemented.
OTHER 25  SUPPORT e Describe sources of financial or non-financial support for the review, specifying relevant grant ID
INFORMATION numbers for each funder. If no specific financial or non-financial support was received, this should be

stated.
e Describe the role of the funders or sponsors (or both) in the review. If funders or sponsors had no role in
the review, this should be declared.
OTHER 26 COMPETING e Disclose any of the authors’ relationships or activities that readers could consider pertinent or to have
INFORMATION INTERESTS influenced the review.
e If any authors had competing interests, report how they were managed for particular review processes.

OTHER 27  AVAILABILITY OF e Report which of the following are publicly available: template data collection forms; data extracted from
INFORMATION DATA, CODE AND included studies; data used for all analyses; analytic code; any other materials used in the review.

OTHER
MATERIALS

e If any of the above materials are publicly available, report where they can be found (e.g. provide a link
to files deposited in a public repository).

e If data, analytic code, or other materials will be made available upon request, provide the contact
details of the author responsible for sharing the materials and describe the circumstances under which
such materials will be shared.
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Figure 1. PRISMA 2020 flow diagram template for systematic reviews
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Identification of new studies via other methods

Records identified from:
Websites (k =)
Organisations (k =)
Citation searching (k=)
etc.

Reports sought for retrieval

(k=)

Reports assessed for eligibility

(k=)

Reports not retrieved

(k=)

Reports excluded:
Reason 1 (k=)
Reason 2 (k=)
Reason 3 (k=)
etc.

*If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.
The new design is adapted from flow diagrams proposed by Boers (62), Mayo-Wilson et al. (63) and Stovold et al. (64). The boxes in grey should only be completed if applicable;

otherwise they should be removed from the flow diagram. Note that a “report” could be a journal article, preprint, conference abstract, study register entry, clinical study
report, dissertation, unpublished manuscript, government report or any other document providing relevant information.
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