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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 a SR being a Cochrane review, as well as with
the reported use of the PRISMA 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 subgroup meta-analytic effects
and sensitivity analyses), 1,551 (73%) of which were reported in sufficient detail to recreate them.
Systematic reviewers reported the data needed to recreate all meta-analytic effects in the SR in 72
(65%) SRs only. This percentage was higher in Cochrane than in non-Cochrane SRs (30/32 [94%]
versus 42/78 [54%]; risk ratio 1.74, 95% confidence interval 1.39-2.18). 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 datasets and statistical code used to perform analyses.

CONCLUSIONS: 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 re-

analysed.
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179

180 .

181 1 1. Introduction

182 . . . . . . .
183 2 Biomedical researchers are increasingly encouraged to use reproducible research practices, which
184

185 3 allow others to recreate the findings of studies, given the original data (1-3). Such practices include
186

187 4 providing a detailed description of the data collected and used for analysis, along with descriptive
188

189 5 metadata, clearly reporting the analysis methods and results, and sharing the dataset and statistical
190

191 6  code used to perform analyses (1, 4). There are many benefits of performing such practices in the
192

193 7 context of systematic reviews (SRs) of studies. For example, users can check for possible data entry
194

195 8 errors when summary statistics for each included study are reported in sufficient detail. Transparent
196

197 9 reporting of meta-analyses also makes it possible for others to reanalyse published meta-analyses
198

199 10  using different inclusion criteria or statistical methods, or to perform additional analyses that
200

201 11 address secondary research questions (5). For example, readers may reanalyse a published meta-
202

203 12 analysis by restricting it to the subset of studies conducted in the setting where they work. Also,
204

;82 13 sharing of datasets and statistical analysis code allows other researchers to cumulatively add new
;8; 14  data that are published, thus keeping meta-analytic effect estimates up-to-date (6, 7).

209 15

210

;E 16  The limited data on use of reproducible research practices in SRs comes from studies that have
213

214 17 recorded how well SRs adhere to the Preferred Reporting Items for Systematic Reviews and Meta-
215

216 18 Analyses (PRISMA) Statement. The PRISMA Statement includes an item recommending that for all
217

218 19 outcomes considered, systematic reviewers report, for each study, “simple summary data for each

219
220 20 intervention group and effect estimates and confidence intervals” (8). However, not all studies

221
299 21  evaluating PRISMA adherence have provided data on adherence to this item, opting to present a

ggi 22  total score summed across all PRISMA items instead (9). Further, many studies that have identified
;;2 23  low adherence to this item have assessed SRs in a single clinical specialty (e.g. (10-14)), which limits
2;; 24 generalisability of the findings. To our knowledge, no study has quantified how often systematic
229

230 25 reviewers report the data needed to recreate all meta-analytic effect estimates in an SR (including
231

232 26  subgroup meta-analytic effects and sensitivity analyses), nor investigated whether completeness of
233

234 27 reporting varies by type of outcome (i.e. primary or other).
235

236
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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); however, 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 only (16). No study has

investigated how often sharing of datasets and statistical analysis code is done by authors of SRs.

We investigated how often research practices that facilitate 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 a SR was a Cochrane 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 Framework (RRID:SCR_003238): https://osf.io/523bg/. This study was conducted

concurrently with another project evaluating the application and interpretation of statistical

methods in SRs. The results of the other project will be described elsewhere.

2.1.Selection of articles

We selected articles from a database of SRs we assembled previously (17), which consists of SRs of
various study designs that were indexed in MEDLINE® during the month of February 2014. The
eligibility criteria and search strategy to identify these SRs have been described elsewhere (17).
Briefly, the database includes published, English-language articles that met the PRISMA for
systematic review protocols (PRISMA-P) definition of a SR (18, 19). That is, articles that explicitly
stated methods to identify studies (i.e. a search strategy), explicitly stated methods of study

selection (e.g. eligibility criteria and selection process), and explicitly described methods of synthesis
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(or other type of summary). The SRs were identified from a search of Ovid MEDLINE® using the
search strategy employed by Moher et al. to retrieve SRs (20), which was restricted to February

2014.

In the previous study (17), all titles and abstracts were screened using the method of liberal
acceleration (i.e. where two authors needed to independently exclude a record for it to be excluded,
while only one author needed to include a record for it to be included). Subsequently, two authors
independently screened each potentially relevant full text article retrieved. Any discrepancies in
screening of full text articles were resolved via discussion, with adjudication by a third author when
necessary. There were 684 SRs that met the inclusion criteria. A random sample of 300 SRs was
drawn, and data on their epidemiological and reporting characteristics (e.g. clinical focus, screening
and data collection methods used, funding) were collected. For the current study, we restricted
inclusion to the 110 SRs of randomized trials or non-randomized studies of therapeutic (i.e.

treatment or prevention) interventions, which reported at least one meta-analysis.

2.2.Data collection and verification

In the current study, we collected data using a standardized data collection form created in
DistillerSR (Evidence Partners, Ottawa, Canada) (Appendix). We included 26 items that characterised
reproducible research practices relating to the data and analyses. Selection and wording of items
was influenced by recommendations in the PRISMA Statement (8, 21), the Methodological
Expectations of Cochrane Intervention Reviews (22), and relevant papers on research reproducibility
(2, 4, 5). Items included how many meta-analytic effect estimates were reported, which (if any)
summary statistics for each individual study included in a meta-analysis were reported, whether it
would be possible to recreate a particular subgroup analysis based on the data presented, and

whether access to datasets and statistical analysis code was mentioned.
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Some items in the form pertained to the whole SR (e.g. “How many meta-analyses were reported?”),
while others were directed at one meta-analysis per SR, known as the index meta-analysis (e.g.
“Were effect estimates and measures of precision of each individual study reported?”). The index
meta-analysis was the first reported meta-analysis of the primary outcome. If no primary outcome
was defined, we selected the first outcome listed in the Objectives section of the SR. If no outcome
was listed in the Objectives, we selected the first reported meta-analysis, which may have been
identified from the Abstract or Results section of the SR, depending on which was first reported in
the article. We classified index meta-analysis outcomes as all-cause mortality, other objective
outcome not requiring judgement (e.g. pregnancy, live births, laboratory outcomes), clinician-
assessed outcome requiring judgement (e.g. events determined by clinical examination, cause-

specific mortality), or patient-reported outcome (e.g. pain, mental health outcomes).

To count the number of meta-analyses in a SR, we summed the number of meta-analytic effect
estimates presented in every forest plot, table, text, or web-based appendix. If a particular meta-
analytic effect was presented in multiple locations, we only counted it once. For subgroup analyses
with an overall effect reported (which synthesised data across all subgroups), we counted each
subgroup effect as well as the overall effect, as long as each subgroup included at least two studies.
We counted each meta-analytic effect regardless of whether it was completely reported. For
example, if the systematic reviewers presented a meta-analytic effect estimate and 95% confidence
interval (Cl) and then stated that both were similar in a particular sensitivity analysis (without
reporting the revised effect estimate and 95% Cl), we counted each as a separate meta-analytic
effect (i.e. two in this instance). However, we did not attempt to estimate the number of meta-
analytic effects if the total number was unclear. For example, systematic reviewers may have stated
in the Methods section, “We planned several sensitivity analyses based on study quality and
intensity of intervention” (without providing definitions of each variable), yet only included a single
statement in the Results section such as, “All results were robust in sensitivity analyses (data

available on request)”. In these cases, it was unclear how sensitivity analyses were actually
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performed (e.g. a meta-analysis may have been subjected to multiple sensitivity analyses using
various definitions of “intervention intensity”), or whether they were performed for all or only some

outcomes. Therefore, we only counted analyses that were evidently performed.

We evaluated the completeness of reporting of results of all included studies to determine whether
it would be possible to recreate each meta-analysis, subgroup analysis or sensitivity analysis based
on the data presented. We did not attempt to recreate the analyses ourselves (e.g. by extracting the
relevant data from each meta-analysis and re-calculating the meta-analytic effect). Analyses needed
to meet the following criteria to be judged as “recreatable”:

1. effect estimates (e.g. mean difference or risk ratio) and measures of precision (e.g. 95% Cls
or standard errors) were presented numerically for each individual study included in the
analysis, or could be calculated from the study-level summary statistics reported (such as
means and standard deviations (SDs) per intervention arm);

2. it was clear which studies were included in the analysis;

3. for subgroup analyses and sensitivity analyses, it was clear which level of the covariate was
assigned to each study.

For example, if systematic reviewers presented a meta-analysis on a forest plot, which displayed the
mean difference and 95% Cl of each included study, then we recorded that this meta-analysis could
be recreated from the data presented. However, if the systematic reviewers also stated that they
performed a sensitivity analysis for this particular meta-analysis, but did not report which studies
were removed, we recorded that the sensitivity analysis could not be recreated. Not all of the
relevant data needed to be presented in a single forest plot to be judged as recreatable. For
example, when systematic reviewers reported subgroup meta-analytic effect estimates in text only,
we considered the subgroup analyses to be recreatable if the respective study effect estimates and
95% Cls were presented on a forest plot, and it was clear from a characteristics table what level of

the covariate was assigned to each study.
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One author (MJP) collected data from all SRs, from both the article and any web-based appendices.
Once data from all articles were collected, data from a 20% random sample of SRs (n=22) were
collected independently by one of three author (NA, DW, FY). Comparison of the data collected
revealed 11 of 26 items where a discrepancy existed between two authors on at least one occasion
(items marked in Appendix). All discrepancies were resolved via discussion. All items with a
discrepancy in the 20% sample of SRs were checked for accuracy by one author (MJP) across the

remaining 80% of SRs.

2.3.Data analysis

Once all discrepancies between data collectors had been resolved, the dataset for all included SRs
was exported from DistillerSR into Microsoft Excel, where data were cleaned (i.e. invalid characters
were removed and text data were converted to numeric where appropriate). Data for some items
collected in the previous study by Page et al. (17) on general characteristics of the SRs (e.g. clinical
focus, country of corresponding author) were merged with the current dataset. We summarised
data as frequency and percentage for categorical items and median and interquartile range (IQR) for
continuous items. We analyzed characteristics of all SRs and of SRs categorized as Cochrane or non-
Cochrane. We explored whether use of reproducible research practices was associated with a SR
being a Cochrane review, and, in a post-hoc analysis, with self-reported use of the PRISMA
Statement. For the latter analysis, we excluded Cochrane SRs because they are supported by
software that promotes complete reporting. We quantified associations using the risk ratio, with

95% Cls. All analyses were performed using Stata version 14 software (RRID:SCR_012763) (23).

3. Results

3.1.General characteristics of SRs

We evaluated 110 SRs of therapeutic interventions. Nearly all (97/110 [88%]) were published in late
2013, and 68/110 (62%) were led by systematic reviewers based in China, UK, Canada or USA (Table

1). The majority of SRs (78/110 [71%]) were not Cochrane reviews. The SRs focused on interventions
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for one of 19 different conditions, with diseases of the digestive system, diseases of the circulatory
system, infectious and parasitic diseases, and neoplasms being the most common. The interventions
studied were pharmacological in 55/110 (50%) SRs, non-pharmacological in 43/110 (39%), or both in
12/110 (11%). A median of 13 studies (IQR 7-23) were included in the SRs. Authors of 32/78 (41%)
non-Cochrane SRs reported using the PRISMA Statement to guide conduct or reporting. Most SRs
(58/110 [53%]) were funded by a non-profit source, but the funding source was not reported in
38/110 (35%). The SRs included a median of 13 (IQR 5-27) meta-analytic effects (including those

from subgroup meta-analyses and sensitivity analyses).
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Table 1. General characteristics of systematic reviews of therapeutic interventions

Characteristic All (n=110)2
Total number of journals 63
Journal impact factor (Thomson IS1 2012)
0.0-5.0 59 (54%)
5.1-10 40 (36%)
10.1-15 0 (0%)
>15 2 (2%)
No impact factor 9 (8%)
Year of publication
2014 11 (10%)
2013 97 (88%)
2012 2 (2%)
Country of corresponding author
China 23 (21%)
UK 17 (15%)
Canada 15 (14%)
USA 13 (12%)
Other (21 countries with <10 SRs per country) 42 (38%)
Type of condition addressed by the SR (ICD-10 category)
Diseases of the digestive system 14 (13%)
Diseases of the circulatory system 13 (12%)
Certain infectious and parasitic diseases 13 (12%)
Neoplasms (including cancers, carcinomas, tumors) 11 (10%)
Other (15 other ICD-10 classifications) 59 (54%)
Types of interventions addressed
Pharmacological 55 (50%)
Non-pharmacological 43 (39%)
Both 12 (11%)
Number of included studies 13 (7-23)
Number of included participants 1,851 (630-5,540)
Use of PRISMA Statement mentioned in non-Cochrane SRs 32/78 (41%)
SR protocol/registration mentioned
SR registered (e.g. in PROSPERO) 6 (5%)
Protocol publicly available 36 (33%)
Source of funding
Non-profit 58 (53%)
For-profit 1(1%)
Mixed 1(1%)
Systematic reviewers specified there was no funding 12 (11%)
Not reported 38 (35%)
Statistical analyses reported
Number of meta-analytic effect estimates 13 (5-27)
Any subgroup analyses reported 52 (47%)
Any sensitivity analyses reported 55 (50%)

aData given as number (percent) or median (IQR). The denominator of fractions indicates the
number of reports where the variable concerned was considered relevant to the systematic review
(SR). Hlustrative binomial exact 95% confidence intervals for percentages when sample size is 110:
1% (0.02% to 5%); 5% (1% to 10%); 10% (5% to 17%); 25% (17% to 34%); 50% (39% to 59%); 75%

(65% to 82%). ICD-10 = International Classification of Diseases, Tenth Revision.

11
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3.2.General characteristics of index meta-analyses

Of the index meta-analysis outcomes examined, 68/110 (62%) were described explicitly as a
“primary” outcome; no primary outcome was specified in the remaining SRs (Table 2). Most
outcomes were classified as “other objective outcome not requiring judgement” or “clinician-
assessed outcome requiring judgement” (each in 39/110 [35%)] SRs). A median of six (IQR 3-11)
studies were included in the index meta-analyses; however, the median number of studies was
smaller in Cochrane (4, IQR 2-6) compared with non-Cochrane (7, IQR 4-12) SRs. The most common
effect measures used in the index meta-analyses were the risk ratio (36/110 [33%]) and the mean
difference (25/110 [23%]). A subgroup analysis accompanied 42/110 (38%) index meta-analyses, and
a sensitivity analysis accompanied 51/110 (46%) index meta-analyses. All of these characteristics
were similar in Cochrane and non-Cochrane SRs except for the reporting of a subgroup analysis,

which was less frequent in Cochrane SRs.

12
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Table 2. General characteristics of the index meta-analysis in each systematic review

Characteristic All Cochrane Non-Cochrane
(n=110)2 (n=32) (n=78)
Type of outcome®
All-cause mortality 3 (3%) 0 (0%) 3 (4%)
Other objective outcome not 39 (35%) 11 (34%) 28 (36%)
requiring judgement
Clinician-assessed outcome requiring 39 (35%) 10 (31%) 29 (37%)
judgement
Patient-reported outcome 29 (26%) 11 (34%) 18 (23%)
Described as a primary outcome 68 (62%) 23 (72%) 45 (58%)
Number of included studies 6 (3-11) 4 (2-6) 7 (4-12)
Number of included participants 593 (309-2,444) 419 (218-1,604) 817 (341-2,952)
Effect measure
Risk ratio 36 (33%) 14 (44%) 22 (28%)
Odds ratio 20 (18%) 4 (13%) 16 (21%)
Risk difference 2 (2%) 0 (0%) 2 (3%)
Mean difference 25 (23%) 6 (19%) 19 (24%)
Standardized mean difference 10 (9%) 4 (13%) 6 (8%)
Hazard ratio 6 (5%) 2 (6%) 4 (5%)
Rate ratio 2 (2%) 2 (6%) 0 (0%)
Other (e.g. proportion, rate) 9 (8%) 0 (0%) 9 (12%)
Random-effects model used 62 (56%) 13 (41%) 49 (63%)
Subgroup analysis reported 42 (38%) 9 (28%) 33 (42%)
Sensitivity analysis reported 51 (46%) 14 (44%) 37 (47%)

aData given as number (percent) or median (IQR). lllustrative binomial exact 95% confidence
intervals for percentages when sample size is 110: 1% (0.02% to 5%); 5% (1% to 10%); 10% (5% to
17%); 25% (17% to 34%); 50% (39% to 59%); 75% (65% to 82%).

bExamples of “other objective outcome not requiring judgement” include pregnancy, live births, and
laboratory outcomes such as biochemical measurements or serologic tests. Examples of “clinician-
assessed outcome requiring judgement” include events determined by clinical examination, and
cause-specific mortality.

3.3.Reproducible research practices in SRs

Across the SRs there were 2,139 meta-analytic effects (including those from subgroup meta-analyses
and sensitivity analyses), 1,551 (73%) of which were reported in sufficient detail to recreate them. In
72/110 (65%) SRs, systematic reviewers reported the data needed to recreate all meta-analytic
effect estimates in the SR, including subgroup meta-analytic effects and sensitivity analyses (Table
3). This proportion rose to 85/110 (77%) when considering only the core meta-analyses (i.e.
excluding subgroup meta-analytic effects and sensitivity analyses), and to 102/110 (93%) when

considering only the index meta-analysis.

13
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In 79/110 (72%) of the index meta-analyses, summary statistics (e.g. means and SDs) for each
included study were reported, and in 101/110 (92%), effect estimates (e.g. mean difference) and
measures of precision (e.g. 95% Cls) of each included study were reported (Table 3). Very few (2/110
[2%]) systematic reviewers stated that some data in the index meta-analyses had been imputed (e.g.
missing SDs). However, it was clear which data were imputed and how this was conducted for only
one of these two meta-analyses. Slightly more systematic reviewers (16/110 [15%]) reported that
some data in the index meta-analysis had been algebraically manipulated prior to inclusion (e.g. 95%
Cls of the mean difference were converted to SDs). However, it was clear which data were
manipulated and how so in only 5/16 (31%) of these meta-analyses. Some unpublished data had
been obtained from the study author/sponsor for a small proportion of index meta-analyses (7/110
[6%]). However, systematic reviewers clearly specified which particular data had been obtained only

in three of these seven (43%) meta-analyses.

Of the 62 index meta-analyses that were analysed using a random-effects method, information on
the specific method was lacking in 11/62 (18%). Specifically, systematic reviewers had not reported
(or it could not be inferred from the statistical package used) which between-trial variance estimator
(e.g. DerSimonian and Laird (24), Sidik and Jonkman (25)), and which method to calculate the
confidence interval, had been used. Of the 42 index meta-analyses with at least one accompanying
subgroup analysis, the data needed to recreate all subgroup analyses was available in 29/42 (69%).
Of the 51 index meta-analyses with at least one accompanying sensitivity analysis, the data needed

to recreate all sensitivity analyses was available in 34/51 (67%).

In 32/110 (29%) SRs - all of which were Cochrane SRs - systematic reviewers provided access to a

downloadable Review Manager (RevMan, RRID:SCR_003581) file (26), which contains editable data

included all meta-analyses and in-built software to perform reanalysis. None of the non-Cochrane
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SRs provided access to such a dataset, but one indicated that the dataset and statistical code used to

perform analyses was available on request from the corresponding author.
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Table 3. Reproducible research practices in systematic reviews of therapeutic interventions

Reproducible research practice All Cochrane Non-Cochrane
(n=110)2 (n=32) (n=78)°

Reported the data needed to recreate all meta- 72 (65%) 30 (94%) 42 (54%)
analytic effect estimates in the SRP
Reported the data needed to recreate all core 85 (77%) 32 (100%) 53 (68%)
meta-analytic effect estimates in the SRb<
Reported the data needed to recreate the index 102 (93%) 32 (100%) 70 (90%)
meta-analytic effect estimate®
Reported summary statistics for each individual 79 (72%) 29 (91%) 50 (64%)
study in the index meta-analysis?
Reported effect estimates and measures of 101 (92%) 32 (100%) 69 (88%)
precision for each individual study in the index
meta-analysis
Reported that some data in the index meta- 2 (2%) 1 (3%) 1(1%)
analysis had been imputed

Clear which data were imputed and how 1/2 (50%) 1/1 (100%) 0/1 (0%)
Reported that some data in the index meta- 16 (15%) 4 (13%) 12 (15%)
analysis had been algebraically manipulated®

Clear which data were manipulated and how 5/16 (31%) 3/4 (75%) 2/12 (17%)
Reported that some data in the index meta- 7 (6%) 4 (13%) 3 (4%)
analysis had been obtained from the study
author/sponsor

Clear which data were obtained 3/7 (43%) 3/4 (75%) 0/3 (0%)

Reported the type of random-effects method
used for the index meta-analysis (e.g. between-
trial variance estimator stated or inferred)
Reported the data needed to recreate each
subgroup analysis for the index meta-analysis
For all subgroup analyses
For some subgroup analyses
Not for any subgroup analysis
Reported the data needed to recreate each
sensitivity analysis for the index meta-analysis
For all sensitivity analyses
For some sensitivity analyses
Not for any sensitivity analysis
Mention of access to datasets and statistical
analysis code used to perform analysesf
Provided access to a file including all data
included in meta-analyses and in-built
software for reanalysis (e.g. RevMan file)
Indicated that dataset and statistical
analysis code were available upon request

51/62 (82%)

29/42 (69%)
5/42 (12%)
8/42 (19%)

34/51 (67%)
9/51 (18%)
8/51 (16%)
33 (30%)

32 (29%)

1(1%)

13/13 (100%)

9/9 (100%)
0 (0%)
0 (0%)

11/14 (79%)
1/14 (7%)
2/14 (14%)
32 (100%)

32 (100%)

0 (0%)

38/49 (78%)

20/33 (61%)
5/33 (15%)
8/33 (24%)

23/37 (62%)
8/37 (22%)
6/37 (16%)
1(1%)

0 (0%)

1(1%)

aData given as number (percent). The denominator of fractions indicates the number of reports
where the variable concerned was considered relevant to the systematic review (SR). Illustrative
binomial exact 95% confidence intervals for percentages when sample size is 110: 1% (0.02% to 5%);
5% (1% to 10%); 10% (5% to 17%); 25% (17% to 34%); 50% (39% to 59%); 75% (65% to 82%).

bBy “data needed to recreate all meta-analytic effect estimates”, we mean that it is clear which
studies were included in the meta-analysis, and effect estimates (e.g. mean difference or risk ratio)
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and measures of precision (e.g. 95% confidence intervals) were reported numerically or could be
calculated from summary statistics for each individual study.

¢Excludes subgroup meta-analytic effects and sensitivity analyses.

dBy “summary statistics” we mean the number of events and sample size for binary outcomes, and
the mean, standard deviation and sample size for continuous outcomes.

¢Examples include when 95% Cls of the mean difference were converted to standard deviations, or
percentages were converted to frequencies.

fExamples include when a data file (e.g. in RevMan or Microsoft Excel format) and code file (e.g. text
file containing Stata commands) is uploaded as a supplementary file with the paper, or an online link
to such files is provided, or information on how to request such files is provided. By analyses we
mean meta-analyses, subgroup analyses and sensitivity analyses.

3.4.Influence of Cochrane status and self-reported use of PRISMA on reproducible research
practices

All reproducible research practices were observed more often in Cochrane SRs compared with non-

Cochrane SRs (Table 3, Figure 1). For example, Cochrane SRs were 74% more likely to report the data

needed to recreate all meta-analytic effect estimates in the SR (30/32 [94%] Cochrane versus 42/78

[54%] non-Cochrane; risk ratio (RR) 1.74, 95% Cl 1.39-2.18). The RR associations had 95% Cls that

excluded the null in all cases except one - the reporting of data needed to recreate all sensitivity

analyses for the index meta-analysis (RR 1.26, 95% Cl 0.87-1.83).

Figure 1. Unadjusted risk ratio (RR) associations between type of systematic review (Cochrane

versus non-Cochrane therapeutic systematic review) and reproducible research practices.

The association between self-reported mention of the PRISMA Statement and use of reproducible
research practices in non-Cochrane SRs was less clear (Figure 2). Only two RR associations that
favoured the use of PRISMA had 95% Cls that excluded the null. These included the reporting of
summary statistics for each individual study included in the index meta-analysis (25/32 [78%]
PRISMA versus 25/46 [54%] no PRISMA; RR 1.44, 95% Cl 1.04-1.98) and the reporting of effect
estimates and 95% Cls for each individual study included in the index meta-analysis (31/32 [97%)]

PRISMA versus 38/46 [83%] no PRISMA; RR 1.17, 95% Cl 1.01, 1.36). Fewer SRs mentioning PRISMA
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reported the data needed to recreate all meta-analytic effect estimates in the SR (15/32 [47%]
PRISMA versus 27/46 [59%] no PRISMA; RR 0.80, 95% CI 0.51, 1.24). This was largely driven by the
less frequent reporting of data needed to recreate all subgroup analyses in the SRs mentioning

PRISMA (Figure 2).

Figure 2. Unadjusted risk ratio (RR) associations between self-reported use of PRISMA and

reproducible research practices in non-Cochrane therapeutic systematic reviews.

4. Discussion

The use of reproducible research practices in SRs of therapeutic interventions was suboptimal in our
sample. Systematic reviewers reported the data needed to recreate all meta-analytic effect
estimates in the SR, including subgroup meta-analytic effects and sensitivity analyses, in only 65% of
SRs. This percentage was higher in Cochrane than in non-Cochrane SRs (94% versus 54%). In
contrast, the data needed to recreate the index (primary or first reported) meta-analysis was
available in nearly all SRs (93%). Despite being recommended by PRISMA, summary statistics (e.g.
means and standard deviations) of each individual study were not reported for 28% of index meta-
analyses. 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 30% of SRs mentioned access to datasets and statistical code used to perform

analyses.

4.1.Strengths and limitations of the study

There are several strengths of our methods. We included SRs that had been identified and selected
previously using rigorous methods (i.e. a systematic search and screening by two authors
independently) (17). We did not restrict inclusion based on the clinical focus of the SR or type of SR
(Cochrane or non-Cochrane). Therefore, we could collect data on a broad cross-section of SRs, which

enhances the generalisability of our results. We collected data from both the original articles and
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supplementary appendices. Unlike previous studies (e.g. (10-14)), we could quantify which particular
types of data were reported for meta-analytic effects (i.e. summary statistics or effect estimates or
both for each included study), and recorded whether this varied by type of outcome (i.e.

primary/first reported or other).

Some limitations of our study also exist. We included only SRs that had to meet some minimum
methodological quality criteria (as outlined in the PRISMA-P definition of an SR (18)), so our findings
may not generalise to SRs that are of poorer quality than the ones we examined (27). Our findings
may also not generalise to SRs published in a language other than English or indexed outside of
MEDLINE®. Our sample size is small, so the 95% confidence intervals of risk ratios associations are
imprecise. Two authors independently and in duplicate extracted data from a 20% random sample of
SRs; one author only evaluated the remainder. We attempted to minimize data collection errors by
verifying data for 11 of 26 items where there was at least one discrepancy between two authors in
the 20% random sample. In some SRs, it was unclear how particular subgroup/sensitivity analyses
were performed, or whether they were performed for all or only some outcomes. By not contacting
the systematic reviewers to resolve these uncertainties, we were only able to determine whether
analyses that were evidently performed had the data necessary for users to recreate them. We could
not determine whether systematic reviewers presented the data needed to recreate all analyses

that were actually performed.

Another possible limitation is that the majority of SRs were published in late 2013. It is possible that
more recent SRs use reproducible research practices more often, given the increasing number of
publications discussing scientific reproducibility (e.g. (2, 3, 28-31)). Further, more journals include
statements on data sharing nowadays. We analysed the data sharing policies of the 63 journals that
published the 110 SRs evaluated, and found that, as of September 2017, 27 journals encourage data
sharing for all research articles, while three require it (policies of each journal are available on the

Open Science Framework (RRID:SCR_003238): https://osf.io/qda8f/). Our study provides a useful
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baseline against which the impact of these data sharing statements have on future SRs can be

assessed.

4.2.Comparison with other studies

Previous studies have also reported suboptimal reproducible research practices in SRs and other
study designs. For example, in a random sample of 441 biomedical journal articles published
between 2000 and 2014, mostly on uncontrolled human or animal studies, none made all raw data
directly available (1). Other studies have evaluated the adherence of SRs to PRISMA (e.g. (9-14)), and
reported low adherence to the item recommending that summary statistics, effect estimates and
measures of precision for each included study be reported. To our knowledge, ours is the first study
to explore the use of reproducible research practices in SRs in detail, by evaluating multiple practices

(several of which have not been examined previously), and multiple analyses in the SRs.

4.3.Explanations of study results and implications

It is reassuring that the data needed to recreate the index (primary or first reported) meta-analysis
was available in nearly all SRs, although disappointing that this was not the case for all analyses.
There are several possible reasons for this finding. Some systematic reviewers may consider it
sufficient to report data fully for the primary outcome only, given that this outcome is likely to be
the most important to clinical practice. Others may cite the space constraints of journals, since word
limits and restrictions on the numbers of tables and figures force systematic reviewers to be
selective about which data they present in an article. Nevertheless, several options exist to present
the relevant data for all analyses. For example, most journals now allow a web-based appendix for
extensive descriptions of methods and results, and we observed several examples of such
appendices providing complete data for hundreds of meta-analytic effect estimates (e.g. (32)). If
appendices are not allowed by a journal, systematic reviewers can upload the relevant data to public

repositories such as the Open Science Framework (RRID:SCR_003238, https://osf.io/) or the Dryad
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Digital Repository (RRID:SCR_005910, http://datadryad.org/). With these options, reproducible

research practices should become routine in SRs.

Our findings suggest that some systematic reviewers may not recognise the benefits of reporting for
each meta-analysis the summary statistics for each intervention group in each study (e.g. means and
SDs), and the source of the data (e.g. extracted from the article, obtained from the study author, or
imputed). For example, odds ratios can be more easily interpreted if the event rates per group are
also presented (21). Also, when SDs are available for continuous outcomes, readers can examine
their consistency across studies and thus be reassured that standard error and SD have not been
confused by systematic reviewers (33). Further, knowing the source of the data facilitates the
conduct of meta-research (e.g. to quantify the rate of data extraction errors in a sample of SRs (34)).
We recognise that presenting summary statistics is not always possible with some meta-analysis
software packages. For example, users of RevMan (RRID:SCR_003581) (26) are unable to present
summary statistics when they synthesise study effect estimates that have been adjusted for a set of
confounders (using the generic inverse variance method). Further, for cluster randomized trials, if an
estimate of intervention effect and its standard were available from a model that adjusted for
clustering, then this should be used in preference to using the numerators and denominators and
making some adjustment to these. Nevertheless, in such instances readers should be informed of
the adjusted nature of the data (e.g. in an explanation provided in a footnote beneath the forest

plot, or in a linked table).

Our comparison of SRs mentioning use of PRISMA and those not suggests that the PRISMA
Statement could be revised to more strongly advocate the use of reproducible research practices.
PRISMA-users were statistically significantly more likely to report the data needed to recreate the
index meta-analysis, but not all meta-analyses in the SR. It is possible that users of PRISMA overlook
the guidance in the explanation and elaboration document that accompanies the checklist, which

explains why complete reporting of all meta-analyses is important, and includes recommendations
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that are more detailed. New tools (e.g. such as writing software) that detail all the key elements of
each PRISMA item may lead to more transparent reporting of SRs (35). Also, guidance on which

datasets and statistical analysis code to share, and how to do so, could be added to the checklist.

It is perhaps not surprising that SR datasets were infrequently available in the SRs we examined,
given that the sharing of data collected as part of SRs has received little attention from
commentators (15). Even the SRs that were rated favourable in this regard (Cochrane SRs) share only
a subset of all the data that would have been collected. That is, only the analysable study data
needed to generate forest plots are available in the RevMan file that accompanies every published
Cochrane SR. Systematic reviewers could provide access to an assortment of other types of data
collected for SRs. For example, summary data for outcomes for which meta-analysis was not
possible could be provided in a re-usable format (e.g. Microsoft Excel or CSV format), ready to be
synthesised with new data once published. Also, data and code files used to convert statistics into a
format required for meta-analysis (e.g. 95% Cls to SDs) could be shared to increase transparency
(36). Further, data extraction files that clearly indicate where data were obtained from may reduce

the need for study authors to handle repeated requests for data from different SR teams (15).

Infrastructure to share SR data are now available via repositories to store data collection forms, such
as the Systematic Review Data Repository (SRDR) (37, 38), and results, via platforms such as the
Open Science Framework (RRID:SCR_003238). However, doing so is not without its barriers. For
example, authors may cite the additional time required to prepare data and metadata in a way that
can be easily interpreted and used by other researchers. There may be a need for journals to require
data sharing for SRs that they publish, and academic institutions to reward academics for open data
practices, to incentivise these practices (39). Further, training courses for systematic reviewers
should highlight the benefits of embracing data sharing initiatives such as these, to improve the

quality and efficiency of future SRs.
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5. Conclusions

Reproducible research practices in SRs of therapeutic interventions are suboptimal. Strategies are
needed to facilitate the provision of detailed descriptions of data gathered and data used for
analysis, transparent reporting of the analysis method and results, and sharing of datasets and

statistical analysis code so that others can recreate the findings or perform secondary analyses.
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Cochrane Non-Cochrane

Item RR (95% ClI) n/N n/N
Reported data needed to recreate all meta-analyses —_— 1.74 (1.39, 2.18) 30/32 42/78
Reported data needed to recreate all core meta-analyses S G 1.45(1.24,1.70) 32/32 53/78
Reported data needed to recreate the index meta-analysis —_—— 1.10 (1.01, 1.20) 32/32 70/78
Reported summary statistics for each individual study in —_— 1.41(1.16,1.73) 29/32 50/78
the index meta-analysis
Reported effect estimate and 95% CI for each individual — 1.12 (1.02, 1.23) 32/32 69/78
study in the index meta-analysis
Reported the type of random-effects model used I — 1.25(1.04,1.50) 13/13 38/49
Reported data needed to recreate all subgroup analyses * 1.58 (1.16, 2.14) 9/9 20/33
for the index meta-analysis
Reported data needed to recreate all sensitivity analyses * 1.26 (0.87,1.83) 11/14 23/37
for the index meta-analysis
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Supplementary File

Data collection form
Data in each systematic review were collected using the following form by one author. A 20% random sample of SRs was extracted in duplicate, which revealed

several items that were discrepant between two reviewers on at least one occasion. Data for these items (indicated by an asterisk * below) were verified for all
systematic reviews by one author.

Question Response options
ReflD [Free text]
Your initials [Free text]
1. Were any meta-analyses performed? Yes
No

*How many meta-analyses were reported (either in the main paper or online supplement)?

Sum the number of meta-analyses reported either in forest plots, tables or text. If the same meta-
analytic estimate is presented in a forest plot and in text, only count this estimate once.

For subgroup analyses with an overall effect reported, count each subgroup meta-analytic effect as
well as the overall effect.

Count each meta-analysis regardless of whether data for it were fully reported. For example, if the
authors present a meta-analysis on a forest plot and then state that they performed a sensitivity
analysis for this particular meta-analysis, count each as a separate meta-analysis (i.e. n=2 meta-
analyses in this instance).

*For how many meta-analyses were summary statistics or effect estimates and measures of
precision of each individual study reported numerically (in either the main paper and online
supplement), such that meta-analyses could be recreated?

Sum the number of meta-analyses reported either in forest plots, tables or text. If the same meta-
analytic estimate is presented in a forest plot and in text, only count this estimate once.

By “effect estimates”, we mean estimates such as mean difference for continuous outcomes, or risk

ratio, odds ratio or risk difference for binary outcomes. By “measures of precision”, we mean a
standard error or confidence interval.

[Free text]

[Free text]



Question

Response options

For subgroup analyses with an overall effect reported, count each subgroup meta-analytic effect as

well as the overall effect.
Count each meta-analysis only if it could be recreated from the reported study-level data. For
example, if the authors present a meta-analysis on a forest plot (showing study-level effect

estimates and confidence intervals) and then state that they performed a sensitivity analysis for this

particular meta-analysis, but it is unclear which studies were removed in the sensitivity analyses,

only count the meta-analysis which can be recreated (i.e. the one on the forest plot). Note that a

forest plot does not need to be presented for each sensitivity analysis; it is sufficient if study-level
data are available for the primary meta-analysis and it is clear which studies were removed in the
sensitivity analysis.

4. Were any treatment-by-covariate interaction analyses (e.g. subgroup analyses or meta-regression)
reported?

5. Were any sensitivity analyses reported?

Answer the remaining questions for only one meta-analysis per review (the index meta-analysis)

Select the first reported meta-analysis of the primary outcome. If no primary outcome was defined, select
the first outcome listed in the Objectives. If no outcome is listed in the Objectives, select the first reported
meta-analysis. Note that the first result may be identified from the Abstract or Results section of the
review, depending on where it is first reported in the publication.

6. What is the outcome (e.g. all-cause mortality, anxiety)?

7. Was the outcome labelled as ‘primary’ by the review authors?

8. How many studies were included in the meta-analysis?
State “Not reported” if not reported

9. What was the total number of participants included in the meta-analysis?

Yes

No
Yes

No

[Free text]
Yes
No

[Free text]

[Free text]



Question

Response options

10. What effect measure was used in the meta-analysis?

11. *Were summary statistics of each individual study reported (in text, table or figure) such that effect

12.

13. *Did review authors report whether or not they imputed any missing statistics (e.g. standard

State “Not reported” if not reported

estimates of primary studies could be recreated?

By “summary statistics”, we refer to the mean, standard deviation and sample size for continuous
outcomes, or the number of events and sample size for binary outcomes.

Were effect estimates and measures of precision of each individual study reported (in text, table or

figure)?

By “effect estimates”, we mean estimates such as mean difference for continuous outcomes, or risk
ratio, odds ratio or risk difference for binary outcomes.
By “measures of precision”, we mean a standard error or confidence interval.

Risk ratio

Odds ratio

Risk difference

Hazard ratio

Rate ratio

Mean difference
Standardized mean difference
Ratio of means

Other (please specify)

Yes

No

Yes, study effect estimates and measures of
precision reported numerically (in text, tables or
forest plots)

Yes, but study effect estimates and measures of
precision were only shown graphically (i.e. no
numerical values)

No
Review authors reported that they DID impute



Question Response options

deviations) for studies included in this particular meta-analysis? missing statistics
For example, do the authors report in the main text, Characteristics table, or in a footnote to the
forest plot that they imputed missing statistics for particular studies, and then cite those studies?

Review authors reported that they DID NOT
impute missing statistics

No such statement was made

14. *Is it clear which values were imputed and how? Yes
No
15. *Did review authors report whether or not they algebraically manipulated data (e.g. calculated a Review authors reported that they DID
standard error from a P-value) for studies included in this particular meta-analysis? algebraically manipulate data

For example, do the authors report in the main text, Characteristics table, or in a footnote to the
forest plot that they algebraically manipulated data for particular studies, and then cite those

studies?
Review authors reported that they DID NOT
algebraically manipulate data
No such statement was made
16. *Is it clear which values were algebraically manipulated and how? Yes
No
17. *Did review authors report whether or not they obtained unpublished outcome data from the Review authors reported that they DID obtain
trialists or sponsor, which were then included in this particular meta-analysis? unpublished data

For example, do the authors report in the main text, Characteristics table, or in a footnote to the
forest plot that they retrieved data for particular studies, and then cite those studies?

Review authors reported that they DID NOT
obtain unpublished data

No such statement was made

18. *Is it clear which values were retrieved from the trialists or sponsor? Yes



Question

Response options

19. Was the meta-analysis performed using the random-effects model?

20. Which between-trial variance estimator was used?

21. Which method was used to calculate the confidence interval for the summary effect?

22. Was a treatment-by-covariate interaction analysis (e.g. subgroup analysis or meta-regression)
reported for this particular meta-analysis?

No

Yes

No

Unclear/not stated

DerSimonian and Laird

Sidik and Jonkman

Paule and Mandel

Restricted Maximum Likelihood (REML)
Other (please specify)

Not reported

Not reported, but Wald-type method assumed
(select when DerSimonian and Laird approach
stated but there is no specific mention of an
alternative method to calculate the confidence
interval)

Wald-type method
t-distribution
Hartung-Knapp

Other (please specify)
Not reported

Yes

No



Question Response options
Unsure
23. *Were sufficient data to enable replication of each interaction analysis reported? Yes, for all interaction analyses

24.

25.

26.

Only consider the interaction analyses relating to the index meta-analysis.

By “sufficient data”, we mean that for each study, the stratum to which it belonged and the
summary statistics or effect estimates and a measure of precision (standard error or confidence
interval) were reported. Note that such information may be reported across multiple sections
within a paper (e.g. characteristics table, forest plot).

Was a sensitivity analysis reported for this particular meta-analysis?

*Were sufficient data to enable replication of each sensitivity analysis reported?

Only consider the sensitivity analyses relating to the index meta-analysis.

By “sufficient data”, we mean that it is clear which studies were included in the analysis, and the
summary statistics or effect estimates and a measure of precision (standard error or confidence
interval) for each included study were reported. Note that such information may be reported across
multiple sections within a paper (e.g. characteristics table, forest plot).

Do authors report any mention of access to datasets that stand behind the analyses presented in
the paper?

For example, the complete dataset is uploaded as a supplementary file (e.g. as an Excel, RevMan or
.dta file), or information on how to request a complete dataset is provided, or an online link to the
complete dataset is provided.

By analyses we mean meta-analyses, treatment-by-covariate interaction analyses, sensitivity
analyses, and analyses of small-study effects.

Yes, but only for some interaction analyses
No, not for any interaction analysis

Yes

No

Unsure

Yes, for all sensitivity analyses

Yes, but only for some sensitivity analyses
No, not for any sensitivity analysis

Yes



Question Response options

No

General comments [Free text]




