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Abstract

Objectives: To evaluate how often reproducible research practices, which allow others to recreate the findings of studies, given the
original data, are used in systematic reviews (SRs) of biomedical research.

Study Design and Setting: We evaluated a random sample of SRs indexed in MEDLINE during February 2014, which focused on
a therapeutic intervention and reported at least one meta-analysis. Data on reproducible research practices in each SR were extracted using
a 26-item form by one author, with a 20% random sample extracted in duplicate. We explored whether the use of reproducible research
practices was associated with an SR being a Cochrane review, as well as with the reported use of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement.

Results: We evaluated 110 SRs of therapeutic interventions, 78 (71%) of which were non-Cochrane SRs. Across the SRs, there were 2,139
meta-analytic effects (including subgroupmeta-analytic effects and sensitivity analyses), 1,551 (73%)ofwhichwere reported in sufficient detail to
recreate them.Systematic reviewers reported the data needed to recreate allmeta-analytic effects in72 (65%)SRsonly. This percentagewas higher
in Cochrane than in non-Cochrane SRs (30/32 [94%] vs. 42/78 [54%]; risk ratio 1.74, 95% confidence interval 1.39e2.18). Systematic reviewers
who reported imputing, algebraically manipulating, or obtaining some data from the study author/sponsor infrequently stated which specific data
were handled in this way. Only 33 (30%) SRs mentioned access to data sets and statistical code used to perform analyses.

Conclusion: Reproducible research practices are underused in SRs of biomedical interventions. Adoption of such practices facilitates
identification of errors and allows the SR data to be reanalyzed. � 2017 Elsevier Inc. All rights reserved.
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What is new?

Key findings
� Systematic reviewers reported the data needed to

recreate all meta-analytic effect estimates in the
systematic review (SR), including subgroup meta-
analytic effects and sensitivity analyses, in only
65% of SRs. This percentage was higher in Co-
chrane than in non-Cochrane SRs (94% vs. 54%).

� Systematic reviewers who reported imputing, alge-
braically manipulating, or obtaining some data
from the study author/sponsor infrequently stated
which specific data were handled in this way.

� Only 30% of SRs mentioned access to data sets
and statistical code used to perform analyses.

What this adds to what was known?
� To our knowledge, no study has quantified how

often systematic reviewers report the data needed
to recreate all meta-analytic effect estimates in an
SR (including subgroup meta-analytic effects and
sensitivity analyses) nor investigated whether
completeness of reporting varies by type of
outcome (i.e., primary or other). In addition, no
study has investigated how often other reproduc-
ible research practices, such as the sharing of data
sets and statistical analysis code, are used in SRs.

What is the implication and what should change
now?
� Strategies are needed to facilitate the provision of

detailed descriptions of data gathered and data
used for analysis, transparent reporting of the anal-
ysis method and results, and sharing of data sets
and statistical analysis code so that others can
recreate the findings or perform secondary
analyses.

1. Introduction

Biomedical researchers are increasingly encouraged to
use reproducible research practices, which allow others to
recreate the findings of studies, given the original data
[1e3]. Such practices include providing a detailed descrip-
tion of the data collected and used for analysis, along with
descriptive metadata, clearly reporting the analysis methods
and results, and sharing the data set and statistical code
used to perform analyses [1,4]. There are many benefits
of performing such practices in the context of systematic
reviews (SRs) of studies. For example, users can check
for possible data-entry errors when summary statistics for
each included study are reported in sufficient detail.

Transparent reporting of meta-analyses also makes it
possible for others to reanalyze published meta-analyses
using different inclusion criteria or statistical methods or
to perform additional analyses that address secondary
research questions [5]. For example, readers may reanalyze
a published meta-analysis by restricting it to the subset of
studies conducted in the setting where they work. In addi-
tion, sharing of data sets and statistical analysis code allows
other researchers to cumulatively add new data that are
published, thus keeping meta-analytic effect estimates
up-to-date [6,7].

The limited data on use of reproducible research prac-
tices in SRs come from studies that have recorded how well
SRs adhere to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement. The
PRISMA statement includes an item recommending that
for all outcomes considered, systematic reviewers report,
for each study, ‘‘simple summary data for each intervention
group and effect estimates and confidence intervals’’ [8].
However, not all studies evaluating PRISMA adherence
have provided data on adherence to this item, opting to pre-
sent a total score summed across all PRISMA items instead
[9]. Furthermore, many studies that have identified low
adherence to this item have assessed SRs in a single clinical
specialty (e.g., [10e14]), which limits generalizability of
the findings. To our knowledge, no study has quantified
how often systematic reviewers report the data needed to
recreate all meta-analytic effect estimates in an SR
(including subgroup meta-analytic effects and sensitivity
analyses) nor investigated whether completeness of report-
ing varies by type of outcome (i.e., primary or other).

Efforts to increase transparent reporting of SR articles
have existed for many years (e.g., the PRISMA statement
was disseminated in top medical journals in 2009); howev-
er, little attention has been given to the sharing of data
collected as part of SRs [15]. For example, since 2015,
the BMJ encourages authors of all research articles to link
their articles to the raw data from their studies but requires
data sharing on request as a minimum for clinical trials on-
ly [16]. No study has investigated how often sharing of data
sets and statistical analysis code is done by authors of SRs.

We investigated how often research practices that facil-
itate reproducibility of analyses were used in a cross-
sectional sample of SRs of therapeutic interventions. We
also explored whether the use of such reproducible research
practices was associated with whether an SR was a Co-
chrane review and with the systematic reviewers’ reported
use of the PRISMA statement.

2. Methods

We conducted this project in accordance with a study
protocol, which is available on the Open Science Frame-
work (RRID:SCR_003238): https://osf.io/523bq/. This
study was conducted concurrently with another project
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