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Abstract
Reproducible research practices and transparency across the biomedical

literature
By Shareen Igbal, PhD

There is a growing movement to encourage reproducibility and
transparency practices in the scientific community. With increased open access
to protocols, analytical codes, and raw data, external researchers have the
opportunity to evaluate possible weaknesses in the design, conduct, and analysis
of studies. Furthermore, increased transparency will allow for external
investigators to reproduce study results. In this survey, the current status of
reproducibility and transparency in a random sample of published biomedical
journal articles was assed. By deriving empirical data on important monitoring
indicators, this study highlights the need to further sensitize scientists, funders,

and journals to the need of improving these indicators.
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The inability to replicate published research has been an ongoing concern
in the scientific community (7). There is disconcerting evidence from basic
molecular and animal modeling research that a large portion of published articles
lack reproducibility (2), which could potentially be related to the increase in lack
of efficacy of clinical trials (3, 4). It has been suggested that the inability to
replicate findings is due to lack of research transparency (5). Recently, there has
been a growing movement to encourage making protocols, analytical codes, and
data openly available (6-8). This study aimed to assess the current status of
reproducibility and transparency in a random sample of published biomedical
journal articles and derive empirical data on indicators that have been proposed
as being important to monitor in this regard (9). To date, there has not been an
unbiased evaluation of the proportion of studies sharing protocols and raw data,
undergoing rigorous independent replication and reproducibility checks, and
reporting conflicts of interest and sources of public and/or private funding, across

a random sample from the entire biomedical field.

A sample of 500 English language journal articles published between
2000 and 2014 was chosen randomly based on Pubmed identification (PMID)
numbers spanning from PMID # 10,000,000 to PMID # 25,000,000. InCites
Essential Science Indicators was used to determine the field of study for each
index paper. Two investigators (SI and JDW) independently extracted data and

then compared their extractions from the 500 studies. Publications in research



fields not directly related to core biomedical research (Chemistry, Physics,
Computer Science, Economics & Business, Engineering, Geosciences, Material
Science, Mathematics, Physics, and Space Science) were further excluded from
analysis. Please see the supplement for complete discussion of methods.

A total of 448 (89.6%), from the original randomly selected 500 articles
were publications in research fields directly related to biomedicine. Of these, the
majority were non-human articles with some form of empirical data (249 (56%)).
Human studies, with empirical data, comprised 60 (13%) of the eligible articles,
with 15 of those being randomized clinical trials. Articles without empirical data
comprised 139 (31%) of the final dataset (Table 1).

Excluding articles without empirical data and case studies or case series,
272 (99.6%) of the 273 papers did not include a link to a full study protocol. Only
one article had a protocol, in fact the article was the protocol itself of a trial and it
was published in the open-access journal Trials (70). Another five studies either
referenced their clinical trials identifier and included a link to ClinicalTrials.gov
(A282, A434), provided only a Clinical Trials identifier (A477, A408), or stated
that a Clinical Trials repository link was available on the journal website (262),
but none of the articles contained information about a full protocol. One of the
five studies referenced both a clinical trials identifier and an Eli Lilly and
Company Clinical Trial Registry protocol identifier (A477).

There were eight other articles that had additional methods sections,
figures, brief analytical plans and/or considerations, or supplementary materials

either as a detailed appendix at the end of the paper (A434), or online via the



ACS Publications website <http://pubs.acs.org.> (A35, A377), the journal website

(A25, A175, A291 (supplemental material was not open access), A470), oron a
scientific association website (A362 (contained an error message for page not
found) ). However, none of these supplementary materials fit the pre-specified
definition of publicly available full or partial protocols.

Of the 273 articles with empirical data (excluding case studies and case
series) none provided access to all the raw data involved in the study. There
were 10 articles that either contained information on how to request a complete
dataset (77), provided a program data base (PDB) online file, without referencing
the format and the program to install it with (72), listed a non-functioning online
link for supplementary data (73, 714), or had supplementary files or links to some
absorption spectra figures and/or data (75-79), but not to the entire raw data
used in the paper.

About half (51%) of the 448 biomedical articles did not include any
information on funding and about a third (35%) were publically funded either
alone or in combination with other funding sources. Of the 158 publically funded
articles, 63 had NIH funding, six received NSF support, and 103 had other forms
of public funding (Figure 1). There was no major change in the pattern of sources
of funding over the 15-year period (supplementary Figure 1S).

Of the 273 biomedical articles with empirical data, excluding case studies
and case series, systematic reviews/meta-analyses, and cost
effectiveness/decision analysis studies, only 3 (1.1%) clearly claimed to be

replication efforts trying to validate previous knowledge. Four index articles were



inferred to be replication efforts. Just under half (47.6%) of the studies claimed
to present some novel findings and about a tenth (9.9%) had clear statements of
both study novelty and some form of replication. There were 104 (38.1%) index
articles that either had no statement or an unclear statement in the abstract
and/or introduction about whether there were any novel findings or replication
efforts.

For the 264 biomedical articles with empirical data, excluding case studies
and case series, systematic reviews/meta-analyses, and cost
effectiveness/decision analysis studies, it assessed whether any subsequently
published papers had cited them mentioning that they were attempting to
replicate part or all of their findings. Seven articles in the final data set had at
least some portion of their findings replicated (A, while the remaining 254 articles
had no citing article that claimed to be a replication. Of the replicating articles,
one was unable to reproduce the results from the original article (A60), but
mentioned that different definitions were used (B70). Two index articles had their
results replicated through different methodology (B12 [A223], B14 [A408]). One
index article (A77) had several studies that either confirmed portions of the
original study [B15, B16], or failed to validate certain previous findings (B17).
Two index studies developed new methodology that the replicating studies either
confirmed (A286) by comparing to available methods (B718) or a newly developed
method (B719 [A441]).

In order to measure whether empirical studies are eventually integrated in

systematic reviews, the 264 index articles with empirical data (again excluding



case studies and case series, systematic reviews/meta-analyses, and cost
effectiveness/decision analysis studies) were assessed on whether they had
been cited at least once in subsequent systematic reviews and/or meta-analyses.
Empirical data from 16 (6.1%) index articles were utilized in a systematic
review/meta-analysis (20-35). For another six of the articles, at least one
systematic review/meta-analysis cited the index paper, but provided reasons for
not including any of its data in a quantitative synthesis for any outcome (70, 33-
37). Lastly, 26 (9.8%) articles were cited by systematic reviews/meta-analyses,
but had no data used in quantitative syntheses for any outcome (30-34, 36-56).
The remaining 228 articles (90.2%) were not cited in any systematic
reviews/meta-analyses.

The large majority of the 448 articles had no conflict of interest statement
(311 (69.4%)). Of the remaining, 111 (24.9%) did not report any conflicts of
interest and only 26 (5.8%) reported conflicts of interest. Of the 171 human
studies with empirical data, 103 (60.2%) papers had no statement, 51 (29.8%)
papers reported no conflicts, and 17 (9.9%) papers had clear statements of
conflict. For the 15 randomized clinical trials, eight articles (63.3%) reported no
conflicts of interest, four (26.7%) articles had no statement of conflict, and three
(20.0%) articles had a clear statement of conflict.

Between 2000 and 2014, the percentage of articles with no statement of
conflict decreased substantially (94.4% in 2000 to 37% in 2014), whereas the

number of articles reporting statements of conflicts or no conflicts increased



(conflicts: 0% in 2000 to 14.8% in 2014; no conflicts: 5.6% in 2000 to 48.1% in
2014) (Figure 2).

The empirical evaluation shows that the published biomedical literature
lacks transparency. Only one full protocol was found in the sample. Previous
evaluations have identified common inconsistencies between protocols and
publications of randomized trials (57, 58). For other types of study designs, such
research is hampered by the rare availability of protocols. Public protocol sharing
not only provides external researchers ways to find possible discrepancies
between final publications and research plans (B9); more importantly, it allows
study designs and experiments to be reproduced by interested scientists.

Of the 273 biomedical articles with empirical data assessed, none had
open access to all the raw data. A previous evaluation found 9% of articles
published in the 50 journals with the highest impact factor in 2009 had deposited
full primary data online (B22). The results may differ due to the fact that this
study focused on the full spectrum of biomedical journals in Pubmed (median
impact factor 3.1). Even though data sharing requirements have changed over
the last few years, especially in high impact journals (B22, B27), high impact
journals represent only a fraction of the journals studied in this paper. Although
one article in this study claimed that the complete dataset was available upon
request (A288), a statement of willingness to share may not guarantee that the
data will be available to independently requesting scientists (B23). Sponsor
priorities, lack of resources, personal investigator opinions, and proprietary

perceptions all may influence raw data withholding (B24, B25). Seven other



articles included supplementary files or links with some additional data, but for
two of them the links were non-functioning (A291, A362). Evidence exists that
even the most prestigious journals have supplementary information that
eventually became unavailable (59).

There were 130 papers that claimed to have novel discoveries. However,
it is anticipated that the maijority of index papers do not truly have new findings,
but may be operating in knowledge space where other past studies may also
have operated. Only three index articles had clear statements that they were
replication attempts. Studies that explicitly describe themselves as replication
attempts are rare across the biomedical literature. Moreover, none of the
subsequently published papers that cited the index articles mentioning that they
were attempting to replicate part or all of their finds were full study replication
attempts. Replication has been accepted as a sine qua non in a few disciplines
such as human genome epidemiology, but this is the exception. When done,
investigators may still try to differentiate their replication study as being different
from the original and thus make a case for novelty. It was also demonstrated that
only a very small fraction of primary data are currently included in systematic
reviews and meta-analyses. Despite the advent of evidence-based medicine,
these data syntheses still cover only small fractions of the available evidence.

Previous studies have found that between 29 to 69% of published clinical
research articles had some type of financial conflict (60, 67), and a survey of NIH
funded life science researchers found that 43% of 2,167 respondents reported

receiving research related contribution, such as reagents, equipment, travel



funds, or other (B31.). In this study, which covers a very wide range of research
designs and types, only 5.8% had conflict of interest statements, and the
percentage was still less than 10% for human studies. This is likely an
underestimate of the prevalence of conflicts in biomedical research, and could be
a result of the lack of conflict of interest disclosure policies among many journals
(B32). However, this study also found that the number of statements reporting no
conflicts of interest increased and, conversely, the number of articles without any
statements decreased over time, perhaps due to strengthening of certain journal
disclosure policies (62). The high prevalence of no statement of conflict is
alarming considering that conflicted stakeholders can have a significant impact
on the design, conduct, and analysis of biomedical studies (B1, B33, B34).
Slightly over half of the analyzed papers reported no funding. It is possible
that some of them simply did not mention existing sponsors. Still, a large share of
the published literature occurs without any support, and this should cause some
concern. Public funding is listed for about a third of the biomedical literature and
NIH accounts for a mere 15% of the biomedical literature with no major change

over time.

This evaluation is limited to the published biomedical research information.
In theory, one may be able to obtain additional raw data and protocols, and
clarifications on conflicts or funding by communicating with the authors or

sponsors. However, the yield would be uncertain and personal communications



should not be considered an alibi for lack of transparency in the published
scientific record.

Hopefully this survey will sensitize further scientists, funders, journals and
other science-related stakeholders to the need of improving these indicators.
There are several efforts to improve reproducibility (B37). By continuing to
monitor these indicators in the future it is possible to track any evidence of
improvement in the design, conduct, and analysis of biomedical research over

time.
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Table 1. Distribution of 500 Randomly Selected Articles

by Research Type.

Variables n (%)
Articles in Medical Field 448 (89.6)
Research Type (Categorized)
Research with Empirical Data
(Human)
Cost Effectiveness/Decision Analysis 4 (0.9)
Case Studies or Series 36 (8.0)
Randomized Clinical Trial 15 (3.4)
Systematic Review/Meta Analysis 5(1.1)
Research with Empirical Data (Other) 249 (55.6)
Research without Empirical Data 139(31.0)
No Research (Items with No Data) 135 (30.1)
Models/Modeling 4(0.9)

Articles with Empirical Data by Type (Abstract only)

Animal
Genes
Human

Clinical Trial
Animal and Genes
Genes and Human
Undefined in Abstract
No Abstract

Articles with Full Free Access

Article Study Field Distribution
Agricultural Sciences
Biology and Biochemistry
Clinical Medicine

Environment/Ecology
Immunology

Microbiology

Molecular Biology and Genetics
Neuroscience and Behavior
Pharmacology and Toxicology
Plant and Animal Science
Psychiatry/Psychology

Social Sciences, General

48 (17.6)
9 (3.3)
128 (47.1)
18

11 (4.0)

7 (2.6)

65 (23.9)
4 (1.5)

87 (19.4)

9 (2.0)
39 (8.7)
136 (30.4)

9 (2.0)
7 (1.6)
7 (1.6)
12 (2.7)
27 (6.0)
17 (3.8)
10 (2.2)
14 (3.1)
14 (3.1)



Various
No Document on ESI
Not listed on ESI

Corresponding Author Distribution by Continent
Africa
Asia
Europe
North America
Oceana
South America
None Listed

23 (5.1)
55 (12.3)
69 (15.4)

6 (1.3)
91 (20.3)
138 (30.8)
183 (40.8)
3(0.7)

9 (2.0)

18 (4.0)




Table 2. Distribution of Biomedical Article Research
Claims of Research Originality, Novelty and Replication.

Categories n (%)

Novel Findings 130 (47.6)
Replication 3(1.1)
Replication (Unclear Abstract) 4 (1.5)
Unclear or No Statement 104 (38.1)
Novel and Replication 27 (9.9)

No Abstract and Introduction 5(1.8)
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SUPPLEMENTAL MATERIALS:

Methods:

The inability to replicate published research has been an ongoing concern in the
scientific community (7). There is disconcerting evidence from basic molecular
and animal modeling research that a portion of published articles lack
reproducibility (2), which could potentially be related to the increase in lack of
efficacy of clinical trials (3, 4). It has been suggested that the lack of
transparency of the data is linked to the inability to replicate findings (5). Although
previous publications have reported on the lack of reproducibility and
transparency in published data, a detailed identification of their predictive

indicators has not been developed.

Aims: To evaluate the trend in reproducibility and transparency in a random
sample of published biomedical journal articles. Additionally, the project aims to
identify predictors for reproducibility and transparency through study
characteristics. The plan is to derive empirical data on indicators of transparency
and reproducibility that have been proposed in the Lancet series on increasing

value and reducing waste in research by loannidis et al. (Lancet, 2014).

Objective1: Measure a sample of 500 biomedical journal articles, chosen
randomly based on Pubmed Identification (PMID) numbers spanning from
PMID # 10,000,000 to PMID # 25,000,000. The random sample will

include English language articles published between 2000 and 2014.



Methodology overview: PMID numbers, ranging from 10,000,000 to
25,000,000 were inputted into OpenEpi (version 3.02) random number
generator to select a random sample of 750 PMID numbers (Table 1).
Beginning from the first number generated (number 1 in column 1, row 1,
Table 1), numbers were verified for eligibility in sequence until 500 eligible
PMID numbers were chosen (Table 2). Of the original 750 numbers, 742
were checked, with 242 being ineligible (54 unfound, 100 before year
2000, 35 not in English, and 53 not in English and before year 2000). The
selected article distribution of PMID numbers (by year) was compared to
the overall distribution of PMID numbers by year for English articles. The
sample was found to be representative of the overall distribution, %2
(df=14), p>0.05. The sample was independently characterized and cross-
compared by two investigators (SI and JDW) into 7 study characteristic
categories (supplemental Table A): 1. no research (items with no data
such as editorials, commentaries, news, comments and non-systematic
expert reviews, 2. models/modeling or software or script or methods
without empirical data (other than simulations), 3. case report or series
(humans only, with or without review of the literature) 4. randomized
clinical trials (humans only) 5. systematic reviews and/or meta-analyses
(humans only) 6. cost effectiveness or decision analysis (humans only),

and 7. other (empirical data that includes uncontrolled study (human),



controlled non-randomized study (human) or basic science studies). A
third reviewer (JPAI) reassessed articles with arbitration discrepancies.

The sample was found to be primarily composed of articles with
empirical data (70%), with the majority of those articles consisting of
uncontrolled or controlled non-randomized human studies or basic science
research (Figure 1).

InCites Essential Science Indicators was used to determine the
field of study. Briefly, the journal for each index paper was first selected in
InCites Essential Science Indicators. Then utilizing the documents tab, the
Highly Cited Papers for each journal were examined. Data extracted were
as follows, for articles with one field listed under the Research Fields for
each of the Highly Cited Papers, the type of field was recorded. Articles
with more than one research fields were listed as VARIOUS. If the journal
for an index article had no results when selecting the documents tab,
NODOC was recorded. If the journal was not found on InCities, then
NOESI was listed as field of study. Publications in research fields not
directly related to biomedical research (Chemistry, Physics, Computer
Science, Economics & Business, Engineering, Geosciences, Material
Science, Mathematics, Physics, and Space Science) were further
excluded from analysis. For this sample, a total of 52 articles were

excluded due to field of study (Table 3).



Based on the initial article characteristic classification, publications with
data and analyses (classification categories 4-7, Table A), will be
assessed for publically available full protocols and datasets, conflict of
interests, and patterns of reproducibility. For the items that do not include
data and analyses, categories 1-3, only statements of conflict will be
investigated, since protocols, datasets, and reproducibility are not
relevant.

1. To assess the proportion of publications that have publically available
protocols, the methods sections will be reviewed for direct protocol
listing or reference to the source for available protocol. For the studies
that have publically available protocols, a report will be made
onwhether or not the available protocols cover all or part of the
presented analyses. Data extracted: 0=no protocols, 1=partial
coverage, 2=full coverage

2. To identify the proportion of publications that have publically available
datasets, chosen manuscripts will be examined for access to the
datasets that stand behind the analyses presented in the paper. If so,
it will also be recorded whether the available datasets cover all or part
of the presented analyses. Data extracted: 0=no datasets, 1=partial
coverage, 2=full coverage

3. To identify reported conflict of interests, the proportion of publications
that state that none of the authors have any conflicts of interest, as

attested by declaration statements and checked by reviewers, will be



identified. Each article will be noted whether it includes a statement on
conflict of interest disclosures or not; and, if yes, whether any conflicts
of interest are disclosed. Data extracted: 0=no statement, 1=statement
exists, conflicts present, 2=statement exists, no conflicts
. To determine reproducibility patterns, the proportion of publications
whose findings have been replicated will be measured. Web of
Knowledge (v 5.14) will be utilized to identify the number of citations to
each of the index papers of interest as of mid-2014. Furthermore, the
citing papers of each index paper will be examined to identify
systematic reviews and/or meta-analyses and/or studies that claim to
try to replicate findings from the index paper. The citing papers will be
screened at the title level, and those that seem potentially relevant will
also be screened at the abstract and possibly full-text level. Eligible
citing papers that are systematic reviews and/or meta-analyses and/or
replications will be downloaded in full text starting with the one that is
published earlier.

1. To measure research originality, abstracts from papers

that include data and analyses (classification categories 4-7,

Table A) will be examined for clear statements for study

novelty or replication.

Data extracted D1: O=based on the abstract and/or
introduction, the index paper claims that it presents

some novel findings, 1=based on its abstract, the



index paper clearly claims that it is a replication effort
trying to validate previous knowledge, 1.5=unclear
statement in the abstract, but based on its
introduction, it is inferred that the index paper is a
replication trying to validate previous knowledge,
2=based on the abstract and/or introduction, it claims
to be both novel and replicate previous findings, 3=no
statement or unclear statement in the abstract and/or
introduction about whether the index paper presents a
novel finding or replication, 4=no abstract and
introduction
2. Randomized clinical trials and other empirical data
publications (classification categories 4 and 7, Table A) will
further be assessed for articles citing the sample publication
in an English language systematic reviews and/or meta-
analysis (variable D2) and for articles replicating the sample
publication (variable D3).
Data extracted D2: 0=no systematic review and/or
meta-analysis has ever cited the index paper, 1=at
least one systematic review and/or meta-analysis has
cited the index paper but none has included any of its
data in quantitative syntheses for any outcome, 1.5 =

at least one systematic review and/or meta-analysis



has cited the index paper but has provided reasons
for not including any of its data for quantitative
syntheses for any outcome, 2=at least one systematic
review and/or meta-analysis has cited the index paper
and has included some of its data in quantitative

synthesis for at least one outcome.

For studies with more than one type of systematic review
and/or meta-analysis, combinations of the three possible

categories (1, 2, 1.5) will be extracted.

Data extracted D3: 0=no citing article identified
claiming to be a replication attempt of the index
paper, 1=at least one citing article identified claiming

to be a replication attempt of the index paper.

Detailed results of the systematic reviews, meta-
analyses, and replication studies will not be focused upon,
since this sample is expected to be underpowered and
inefficient to detect whether specific results are indeed
replicated or not. This study will focus simply on whether
replication and integration in systematic reviews/meta-

analyses of multiple studies has been considered and



performed or not. Moreover, it is anticipated that the majority
of index papers will not have truly new discoveries, but may
be operating in a knowledge space where other past studies
may also have operated. Studies will be considered novel if
the abstract and/or introduction a) claim to investigate new
hypotheses, b) claim to develop and test new methods, c)
claim to be the first to investigate something that has not
been examined before, or d) include any statement about
new insights. For index papers, the aim is not to decipher
which of these index studies are indeed proposing entirely
new discoveries, or making claims for some novel findings

without these actually being novel.

Objective2: Create multivariate models that utilize study characteristics for
predictors of whether a publication will have adequate information on
transparency and reproducibility aspects.

Methodology Overview: Predictor variables will include the year of
publication, human study (yes/no), animal study (yes/no), clinical trial
(yes/no), mention of genes or genotype at the abstract level (yes/no),
country of corresponding author (USA, Europe, other), 2013 InCites
journal impact factor (including journal self cites), and availability of free
access in PubMed Central based on assignment of a PCMID (yes/no).

Study and individual researcher funding will also be assessed (0=no



mention, 1=no funding, 2=public, 3=private industry, 4=other,
5=combination of 2&3; 6=combination of 2&4; 7=combination of 3&4,
8=combination of 2-4). All of the studies with public funding were then
examined to determine whether they had NIH(or any of the 27 separate
NIH institutes or centers) funding (1=yes, 0=no), NSF funding (1=yes,
0=no), or Other public funding (1=yes, 0=no) Individual investigator
funding will be excluded from this assessment if listed under possible
conflicts of interest. Field of study will also be determined for each article
utilizing InCites Essential Science Indicators as described in Objective 1

methodology.
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Table 1: Random Sampling of 750 PMID numbers between 10-25 million
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Table 2: Sampling of 500 PMID numbers for English articles published between
2000-2014 with PMID numbers between 10-25 million
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Table 3. Articles, by PMID, Excluded from Data Analysis Based on Field of Study.

11062883 16350274 20614107 22655006
11262088 17005538 20729984 22931120
11345261 17302485 20814100 23267827
12127510 17499754 21098937 23448701
12443277 17541669 21152650 23510502
12475314 17994599 21311092 23930656
12633474 18541463 21338070 24080467
15171622 18701402 21405595 24188923
15656611 18756556 21504058 24422544
15755103 19364123 22060480 24508130
15852141 20094080 22098088 24664042
16089518 20390172 22463266 24697300
16156622 20596287 22561928 24875287




Supplemental Figures:

Number Description

1 No research (items with no data such as editorials,
commentaries, news, comments and non-systematic
expert reviews

2 Models/modeling or software or script or methods
without empirical data (other than simulations)

3 Case report or series (humans only, with or without
review of the literature)

4 Randomized clinical trials (humans only)
Systematic reviews and/or meta-analyses (humans
only)

6 Cost effectiveness or decision analysis (humans only)

7 Other (empirical data that includes uncontrolled

study (human), controlled non-randomized study
(human) or basic science studies)
Table A: Sample articles were categorized into 7 different categories based on
article characteristics.
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