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Abstract

Data sharing is gradually becoming a requirement across all fields of science, owing to
its key benefits in verifying the reproducibility of findings and reusing existent data for new
purposes. Although meta-research studies are complex, time-consuming and hinge on the
availability of data produced and curated by others, there has been little focus on how they
make their own data available. This is in stark contrast with the heightened attention data
sharing has received in clinical research. Yet, as secondary data users par excellence, meta-
researchers are ethically bound to both improving and evaluating data sharing practices, as well
as correctly sharing their own data. We contrast particularities of data sharing in meta-research
and clinical research, such as benefits, barriers, inadequate and potentially pervasive sharing
practices. We conclude with an array of concrete and tailored recommendations for

improvement.
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Meta-research is an evolving scientific discipline covering “a wide range of theoretical,
observational, and experimental investigations designed to study research itself and its
practice” [1], with the aims of evaluating and improving research practices, such as reporting
of methods and findings, or sharing data, code and materials for further scrutiny and reuse [2].
Evidence-synthesis studies like systematic reviews and meta-analyses are prototypical meta-
research, but other examples include examinations of journal policies, citations practices or
potential sources of bias across research topics or methods. Common across these
investigations is the frequent reliance on secondary data, coming from already published
reports or public databases and that should at least in theory be available for independent
consultation. However, incomplete reporting of primary articles [3], language barriers, and
access limitations by publishers often imply that some of the data used in a meta-research study
cannot be easily retrieved (e.g., obtained by personal communication from the original

authors). Moreover, some meta-research studies require individual participant data (IPD).

Benefits of data sharing

Sharing of data underlying published or unpublished research has numerous and
noteworthy benefits [4, 5]. It minimizes the possibility of different research groups
unknowingly duplicating efforts to collect the same type of data, thereby reducing costs and
participant burden. It maximizes the value of already collected data, allowing reutilization to
address new research questions. It enables other researchers to verify and replicate findings, or
refine and refute them by employing different analyses, as compellingly demonstrated by
initiatives such as the SPRINT Data Analysis Challenge

(https://challenge.nejm.org/pages/home). It is of crucial importance in uncovering and

substantiating data fabrication or fraud [6, 7]. Moreover, data sharing brings important indirect

advantages, for example, enhancing the visibility and impact of published research. One study


https://challenge.nejm.org/pages/home

[8] showed that articles with data available versus those without accrue almost twice as many
citations (increase of 97 citations, standard error 34, over a mean of approximately 100).
Another investigation indicated that articles where data availability statements included a link
to data in a repository had an approximately 25% higher citation impact [9]. Data sharing can
also foster new collaborations and boost opportunities for attracting research funding, as well
as for hiring, promotion or tenure as more institutions and funders begin to embrace
“responsible metrics”. For example, the “responsible indicators for assessing scientists”
(RI1AS) approach advocates for openness, understood as “facilitating dissemination and use of
research data and results by others”, as one of its six founding principles [10]. Finally, for meta-
researchers in particular, whose scholarship focuses on identifying and correcting deviations
from how science ought to be conducted, appropriate data sharing represents a core value. For
example, the “Manifesto for Reproducible Science [11]” mentions open data and materials as
key initiatives for encouraging transparency and open science.

The plethora of benefits resulting from data sharing motivated renewed calls to make it
a mandatory condition for publishing clinical research [5, 12]. At the same time, initiatives and
tools aimed at supporting and facilitating sharing, such as guidelines, practical
recommendations and sharing platforms have proliferated [4, 13, 14]. However, most of the
conversation surrounding data sharing has focused on clinical and other primary research.
Nevertheless, data sharing is at least as pertinent for meta-research and evidence synthesis [4],
fields reliant on already collected and reported data. First, in these domains, researchers directly
depend on data produced by other investigators, so have an ethical obligation to reciprocate by
sharing their own data. Second, concerns have been amassing about the reproducibility of
meta-analyses [15], a prototypical type of meta-research. To verify such concerns, access to
the underlying data and code is crucial. However, systematic examinations of data sharing

practices for meta-research studies have been limited. A recent investigation [16] of a cohort



of meta-analyses showed that based on data reported by the studies included in each, it would
be theoretically possible to reproduce each meta-analytic estimate, subgroup or sensitivity
analyses in 65% of the meta-analyses. However, researchers did not attempt to re-extract the
data from the primary studies and reproduce these analyses themselves. Only 29% of the meta-
analyses provided access to a file including all data used for the meta-analysis and the code to
reproduce the analyses. Conversely, an examination that effectively attempted to reproduce
findings [17] in a sample of meta-analyses by re-extracting the necessary data from the primary
included studies and employing the effect size calculation method described in the meta-
analysis indicated that almost 50% of the primary effect sizes could not be reproduced, leading
to (mostly non-consequential) discrepancies in around 40% of the meta-analyses. Third,
incomplete reporting implies additional information is often independently retrieved (e.g.,
through direct contact with investigators) and thus will remain inaccessible to other
researchers, unless shared. An ongoing ambitious research program REPRISE
(REProducibility and Replicability In Syntheses of Evidence) [18] will shed more light by
evaluating the completeness of reporting and data sharing and attempting to computationally
reproduce 300 systematic reviews. Though data sharing practices of meta-analyses are clearly

wanting, it is unknown whether similar issues plague the field of meta-research more generally.

Potential barriers to data sharing

The concept of data sharing is usually linked to personal identification or health related
data, for which there are justified concerns associated with improper data protection, such as
confidentiality or security. Conversely, most meta-analyses and meta-research studies involve
extracting already reported data from a corpus of sources selected based on pre-specified
criteria. The extracted information is usually synthesized in categories, which are then

summarized descriptively or aggregated statistically. Often, throughout the process of data



selection and extraction, multiple independent raters are involved. The process is lengthy,
resource- and time-consuming, but in most meta-research studies, it does not require
anonymization, and there are no confidentiality restrictions. An important exception is
represented by meta-analyses using IPD, where similar concerns apply as for primary clinical
research. Precisely because conducting meta-research studies requires a significant
concentration of resources and time, it is crucial that all data and other materials generated
(e.g., coding manuals, sheets with predefined formulas) are accessible to other researchers, so
as to accelerate future data collection, minimize research costs and avoid duplication of the
same work.

Most initiatives to encourage and improve data sharing originate in clinical research.
Table 1 lists several barriers and proposed initiatives to encourage and facilitate data sharing
identified in this field, inspired by a recent systematic review on the views of researchers and
healthcare professionals [14]. Almost all are translatable to sharing data from meta-analyses
and meta-research studies generally. For example, knowledge of what should be shared from
the data collected or synthesized, as well as which are the most appropriate ways of making
the datasets available are important challenges for researchers working with both primary and
secondary data. The dearth of procedural standards (Table 1) mandated by journals, funders or
other institutions, as well as the lack of technical skills about compiling and curating usable
datasets for sharing are both important obstacles. Likewise, concerns related to data misuse,
hostile reanalysis initiatives or being placed in a competitive disadvantage by losing some of
the opportunities to exploit collected data for subsequent publications are pertinent to both
meta-research and clinical research more generally. Indeed, secondary data users like meta-
researchers have (in)famously been likened to “data parasites” [19].

Conversely, some barriers such as the need to anonymize data or protect research

participants do not apply to the bulk of meta-research that relies on aggregate data. Relatedly,



the need of additional funding to prepare datasets for sharing is more contained for meta-
research, given there is usually no need to ensure that confidential or sensitive information is
properly concealed. Yet, in certain cases such as IPD that are public but not anonymized (e.g.,
public databases of industry payments to physicians or of scientific productivity), complex data
protection issues could still apply. For example, the General Data Protection Regulation
(GDPR) laws in Europe could prevent the sharing of a new database resulting from merging
already public databases with personal data unless specific conditions are met. Under GDPR,
individuals need to be informed about and can deny the use of their non-anonymized personal
data, in theory even when it is public, like industry sponsorship or citation counts. Such
situations would require additional effort on the part of the investigators and even specialized
legal consultancy from data privacy and protection experts. Ethical and legal views about IPD
data ownership and sharing [20-22] can apply to both clinical and meta-research and hinge on
the degree to which the data is properly anonymized. Such concerns are not germane for meta-
research studies using aggregate data, as the information is theoretically publicly available

(though it might not be accessible to all).



Clinical research

Meta-research

Data type

Primary data

Individual participant data

Aggregated data

Data protection

Data anonymization compliance
with local regulations
Compliance with privacy laws

Data anonymization compliance with local
regulations (in case of pseudonymized primary data)
Compliance with privacy laws

No barrier (provided the level of
aggregation is appropriate for the
data to be considered anonymized)

Fear of data misuse / Fear of hostile re-analysis

Fear of losing value associated with the cost/effort of data collection (meta-researchers as “research parasites”)

Data are “public good”

A Funding limited t |
2 Funding unding limited to complex
= situations
*;, Resources Lack of procedural standards and guidelines
% Lack of knowledge on the ways to efficiently and correctly share data
< Time-consuming
£ . . Protection of research subjects (in case of Data privacy and protection issues
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: pseudonymized data) when creating new datasets
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Data ownership & consent to reuse Data ownership & consent to reuse ala zsgflég?ey publicly
Career opportunities Loss of publication opportunities
PP Loss of opportunities to maximize returns of intellectual property over the data (e.g., by limiting collectors’ data reuse)
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g Increase of research visibility and impact (citations, visualizations)
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< Resources T -
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= Respond to public health needs
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% Uncover and substantiate cases of data fabrication or fraud
Q

Meta-researchers have “debt” as secondary data users

Career opportunities

Opportunities for collaboration and funding

Academic benefit (e.g., recognition as creators of datasets, secondary papers)




| | Improved evaluation from funders and institutions using 'Responsible Metrics'

Table 1. Potential data-sharing barriers and facilitators in meta-research compared to clinical researc



Inadequate practices of data sharing

We hypothesize two practices that result in sharing of incomplete data are particularly
applicable for meta-research. The first is simply stating that the primary data are publicly
available or, in a more restricted fashion, available upon request. A related version is stating
all data are available within the paper and the supplementary material. These boilerplates are
commonly identified in analyses of data sharing statements, even for journals that mandate
data sharing [9]. For meta-research in particular, such statements are redundant in the cases
where the primary data is available from public databases, like clinical trial registries or public
databases like NIH Reporter or Open Payments. Other meta-research studies are based on
collections of publications, in theory publicly available, though publisher fees prevent many
researchers from accessing them. Standardized data accessibility statements have little value
beyond providing superficial reassurance that the meta-research could in theory be replicated,
given access to the underlying sources was guaranteed and the methods transparently and
completely reported.

Another deleterious practice is exclusively sharing the final database on which analyses
were run. Meta-researchers usually organize extracted data into categories, using complex
coding schemes and decision trees. There is often a high degree of subjectivity in developing
these materials, as for example when ascertaining whether a finding is described in a positive
or negative light or detecting spin [23]. Independent raters frequently make different coding
decisions, particularly for ambiguous or borderline (i.e., fitting more or none of the categories)
cases. In other situations, computations such as conversion or recalculations of effects need to
be undertaken to derive a homogenous dataset for the analyses. Though the formulas for these
calculations are usually straightforward, their implementation requires deciding what data to
use from the main papers. When data sharing only involves final datasets, after categorizations,

conversions and recalculations, crucial steps of study implementation cannot be reproduced.



Likewise, reuse is restricted as researchers cannot access and implement changes at various
stages in the research process, such as making different coding decisions, using other categories
or making different decisions about conversion or recalculation.

Formulation of data availability requirements by journals are not specific enough to
prevent practices of incomplete or inadequate data sharing. For instance, for PLOS journals,
which mandate data sharing, the requirement is that “all data necessary to replicate their
study’s findings publicly available without restriction at the time of publication”
(https://journals.plos.org/plosone/s/data-availability). For BMJ journals, the most stringent
data sharing policy (“tier 1”’) requires “that the data generated by your research that supports
your article be made openly and publicly available upon publication of your article”
(https://authors.bmj.com/policies/data-sharing/). BMC journals require that “you agree to
make the raw data and materials described in your manuscript freely available to any scientist
wishing to use them for non-commercial purposes, as long as this does not breach participant

confidentiality” (https://www.biomedcentral.com/getpublished/writing-resources/structuring-

your-data-materials-and-software). For meta-research studies, these formulations consent an

array of heterogeneous and inconsistent data sharing practices, such as simply stating that all
data sources are publicly available, sharing only the final, curated datasets or sharing all data

extracted and used across all the stages of the study.

Recommendations to improve data sharing for meta-research studies.

Tailored initiatives and resources could facilitate more efficient and complete data
sharing for meta-research studies. Regarding support for data sharing, specific guidelines are
needed to support improved implementation. The new PRISMA 2020 statement for reporting
meta-analyses [24] could serve as a template. It requires mentioning whether each of the

following is publicly available and where: “template data collection forms, data extracted from
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included studies, data used for all analyses, analytic code, any other materials used in the
review”. Beyond guidelines, tools and resources to support both sharing data and accessing
shared data need to become more widely available and streamlined. Widely used resources
such as Pubmed.gov could support searching data sharing statements, as currently done for
conflict of interest statements, streamlining the process of retrieving and accessing available
datasets. Platforms frequently used for the prospective registration of meta-research studies,
like PROSPERO, could allow the inclusion of data, code and materials together with the
protocols, similarly to the trial registration platform clinicaltrials.gov. Another platform
frequently used for registration, the Open Science Framework, links shared data to protocol
registration under certain circumstances, such as when authors post a preprint, or when they
create a project including registrations, shared data and code as elements. A more uniform and
straightforward procedure of automatically linking shared data to other open study documents,
like protocols or preprints, without requiring further action from authors, would be welcome.
A more complex issue regards the sharing of libraries of articles that were aggregated for the
meta-research study. To circumvent copyright issues, it was suggested [4] to list aggregated
articles by DOIs linking to publishers’ websites or Pubmed identification numbers (PMIDs).
With regards to practical steps to be taken by meta-researchers and publishers, it is
important to make the distinction regards studies using IPD versus aggregated data. Though
aggregate data are easier to curate and subsequently share, they are more limited in the range
and breadth of research questions that can be answered. Crucial questions about treatment
harms, often rare events, disease prognosis or treatment personalization cannot be answered
with aggregate data and require access to large samples of IPD. Figure 1 displays a decision
tree addressed to researchers, with actionable recommendations at every step of the process:
data preparation, organization and sharing. Irrespective of the type of data, properly sharing

usable metadata is essential and, again, an ethical obligation for meta-researchers who heavily



rely on metadata themselves. Adequate sharing of meta-data should follow the FAIR
(Findability, Accessibility, Interoperability and Reuse) principles [25]. On the journal side,
requiring data availability statements needs to ensure these move beyond boilerplates.
Standardized formulations (i.e., available upon request, available in the manuscript and
supplementary material) should be rejected in favor of more explicit statements that take study
type into account. For example, for meta-research papers, the PRISMA 2020 [24] could be
used for redacting data sharing statements by indicating exactly where each element is
available in the manuscript, supplement or public repositories. Furthermore, shared data and
material could be integrated more organically into manuscripts. Data availability statements,
often just manuscript codas, could be complemented by in-text citation of shared datasets and
material in all points these could be relevant, as customary for supplementary material. Finally,
properly sharing data and meta-data is just one necessary but insufficient step toward making
meta-research more reproducible and reusable. Sharing the clearly annotated data analysis code
is another key piece.

The meta-research community should also actively evaluate the impact of data sharing
policies and recommendations on ascertaining the reproducibility of the original findings or
the degree to which shared data is reused to generate new results. For example, investigations
of existent data availability statements could move beyond classifying these [9] or assessing
whether any data is accessible or usable (i.e., functional link) [26-29] to clarifying whether all

steps of the research process are fully supported by publicly available data.
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v

Data sharing not possible [ Share data and metadata ]

Figure 1. Decision tree for the data-sharing of meta-research studies

Conclusions

Data sharing is gradually becoming a requirement across all fields of science, owing to
its key benefits in allowing verification of the reproducibility of findings and reuse of existent
data for new purposes. For meta-analyses and meta-research studies in particular, most barriers
to data sharing boil down to insufficient procedural knowledge or access to guidelines,
resources, and other tools. Confidentiality or data protection issues are frequently not
applicable, except for studies relying on IPD and for which the primary data was not already
publicly and appropriately shared. As secondary data users par excellence, meta-researchers
are ethically bound to both improving and evaluating data sharing practices, as well as correctly

sharing their own data.
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Key findings: Owing to its plethora of benefits, data sharing has received
heightened attention for clinical and primary research. We contrast
particularities of data sharing in meta-research and clinical research, such as
benefits, barriers, inadequate and potentially pervasive sharing practices. We
conclude with an array of concrete and tailored recommendations for
improvement.

What this study adds: Though meta-researchers are dependent on data from
others, there has been little focus on their data sharing practices and the
barriers encountered.

Implications: As secondary data users par excellence, meta-researchers are
ethically bound to both improving and evaluating data sharing practices, as
well as correctly sharing their own data.




