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Abstract

Irreproducibility of preclinical biomedical research has gained recent attention. It is sug-
gested that requiring authors to complete a checklist at the time of manuscript submission
would improve the quality and transparency of scientific reporting, and ultimately enhance
reproducibility. Whether a checklist enhances quality and transparency in reporting preclini-
cal animal studies, however, has not been empirically studied. Here we searched two highly
cited life science journals, one that requires a checklist at submission (Nature) and one that
does not (Cell), to identify in vivo animal studies. After screening 943 articles, a total of 80
articles were identified in 2013 (pre-checklist) and 2015 (post-checklist), and included for
the detailed evaluation of reporting methodological and analytical information. We com-
pared the quality of reporting preclinical animal studies between the two journals, accounting
for differences between journals and changes over time in reporting. We find that reporting
of randomization, blinding, and sample-size estimation significantly improved when compar-
ing Nature to Cellfrom 2013 to 2015, likely due to implementation of a checklist. Specifically,
improvement in reporting of the three methodological information was at least three times
greater when a mandatory checklist was implemented than when it was not. Reporting the
sex of animals and the number of independent experiments performed also improved from
2013 to0 2015, likely from factors not related to a checklist. Our study demonstrates that com-
pleting a checklist at manuscript submission is associated with improved reporting of key
methodological information in preclinical animal studies.
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Introduction

Preclinical biomedical research is essential for the development of breakthrough medical ther-
apies. The successful transition from basic research to clinical trials, however, is challenging.
Less than 5% of the articles published in the top six life science journals were successfully trans-
lated into clinical use despite claims of important clinical implications [1]. Although human
and animal biology are expected to be different, this alone does not explain the low rate of suc-
cessful translation from animal studies to human trials. One pervasive concern is the low level
of reproducibility of the results reported in preclinical studies [2, 3], where reproducibility
generally refers to “a phenomenon that can be predicted to recur even when experimental con-
ditions may vary to some degree [4].” Although the term has been used differently in biostatis-
tics [5], experimental biological scientists frequently use “reproducibility” to describe the
ability to obtain the same scientific findings utilizing similar methods on identical test material
by an independent observer [4, 6, 7]. The low level of reproducibility in biomedical experimen-
tal research has been attributed, in part, to variations in the quality of reporting of methods
and results. Therefore, one proposed solution to this matter is to improve the quality and
transparency of reporting of preclinical research findings [8].

In 2014, the National Institutes of Health (NIH) held a joint workshop with leading science
publishing groups on the issue of rigor and reproducibility; the consensus was a set of princi-
ples emphasizing rigorous statistical analysis, transparency in reporting, and data/material
sharing [9]. Specifically, they recommended that journals use a checklist during the editorial
processing to ensure transparent reporting of key methodological and analytical information
[8, 10]. Many major journals have endorsed these principles and guidelines [11, 12], and since
2013, some have incorporated a checklist in their editorial processing, with different strategies,
ranging from an internal checklist during the editorial process to a publicly available reporting
checklist authors are required to complete at each manuscript submission.

This was not the first time checklists were employed to improve outcomes. Specifically, the
quality of reporting randomized controlled trials (RCTs) also improved with a checklist
adopted through the Consolidated Standards of Reporting Trials (CONSORT) statement [13].
Furthermore, a checklist helps to increase general awareness of the problem, leading to better
performance [14, 15]. A surgical safety checklist also has been proven to significantly reduce
peri-operative morbidity and mortality [16, 17]. We hypothesized that a checklist provided to
authors at the time of manuscript submission would improve the quality and transparency in
reporting of preclinical studies.

The objectives of this study are to (1) evaluate the current quality of reporting in preclinical
biomedical research in highly cited life science journals, and (2) assess the effectiveness of
incorporating a pre-submission checklist on the quality and transparency of reporting key
methodological and analytical information.

Materials and methods
Types of preclinical studies included

All original research articles reporting new data based on animal experiments published in
two highly cited life science journals, Cell and Nature, were included. We limited the scope of
our study to articles reporting in vivo animal experiments, excluding articles solely based on in
vitro cell studies.

Both Cell and Nature possessed the highest impact factors in Journal Citation Reports 2013,
and share a similar scope. Cell and Nature standards and requirements for reporting animal
studies are presented in Table 1. Both journals endorse the Principles and Guidelines for
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Table 1. Evaluation of journal standards and requirements as of July 2015.

Is the Journal a member of endorsing Associations, Journals, and Societies?

Does the journal contain a section in the Information for Authors regarding journal’s policies for statistical analysis and

guidelines for rigorous reporting of study design?

Statistics:

* Requirement for statistics to be fully reported in the paper?

* Statement of statistical test used for each relevant figure presented?

» Statement of exact value of N for each relevant figure presented?

» Statements for data definition of center, dispersion and precision measures (e.g., mean, median, SD, SEM, confidence
intervals)?

Replicates:

* Investigators are required to report how often each experiment was performed?

* Investigators are required to report sufficient information about sample collection to distinguish between independent
biological data points and technical replicates?

Randomization:

 Statements whether the samples were randomized and specify method of randomization, at a minimum for all animal
experiments?

Blinding:

 Statements whether experimenters were blind to group assignment and outcome assessment, at a minimum for all animal

experiments?

Sample size estimation:

* Require authors to state whether an appropriate sample size was computed when the study was being designed and include

the statistical method of computation. If no power analysis was used, include how the sample size was determined.
Inclusion and exclusion criteria:
* Require authors to clearly state the criteria that were used for exclusion of any data or subjects, if any were excluded?

Animals:
* Require reporting source, species, strain, sex, age, husbandry, inbred and strain characteristics of transgenic animals?
* Require ethical governing committee approval of animal use?

Standards:

* Encourage the use of community-based standards (such as nomenclature standards and reporting standards like ARRIVE),

where applicable?
* Provide a checklist form that is made public to authors and reviewers during submission?

https://doi.org/10.1371/journal.pone.0183591.t001

Cell
Yes
Yes

Recommended

Recommended

Recommended
Required

Recommended
Recommended

Recommended

Recommended

Recommended

Recommended

Recommended
Required

Yes
No

Nature
Yes
Yes

Required
Required
Required
Required

Required
Required

Required

Required

Required

Required

Required
Required

Yes
Yes

Reporting Preclinical Research recommended by NIH [9] and encourage authors and review-
ers to refer to reporting standards such as the ARRIVE guidelines [10]. Cell guidelines recom-
mend that submitting authors report key methodological and analytical information, while
Nature guidelines additionally require that a checklist be completed prior to peer review.
Nature developed their own checklist based on NIH guidelines and implemented it in May
2013. Nature also requests a revised checklist to be included with every revision of the manu-
script, reflecting any new experiments performed in the interim. A manuscript is sent for
review only after the checklist is received. Conversely, Cell does not use or require authors to
complete a checklist regarding preclinical animal studies, per the policy across the Cell Press
journals. The above editorial procedures were confirmed with editors of Cell and Nature.
Therefore, we chose Nature as the intervention and Cell as the comparator to examine the
effect of a checklist on quality and transparency in reporting preclinical animal studies.

Selection of studies

Studies were selected if they included (1) reports of in vivo animal experiments, (2) animal
experiments involving mammals, and (3) original research articles. Editorial, commentaries,
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news, or review articles were excluded. Also original articles reporting only in vitro experi-
ments without animal studies were excluded.

Search methods for identification of studies

We searched the table of contents from the websites of Cell and Nature. 943 articles were
screened to identify 20 consecutive articles within each journal, meeting the inclusion criteria
among those published beginning in January 2013 and January 2015 (Fig 1A, a total article of
80). January 2015 was chosen as the post-checklist period based on the assumption that 1.5
years would provide enough time to implement a new intervention, the checklist, and to keep
parallel timeframes. Two authors (TFO or JZ) screened the titles and the abstracts based on
the above inclusion criteria. If the title and the abstract were not clear to determine the article’s
fulfillment of the inclusion criteria, the full-text of the article was retrieved. If uncertainty
remained regarding the selection of an article, another independent reviewer (JSL) made a
final decision.

The number of articles, twenty per group, was determined a priori based on sample-size
estimation (n = 19 per each group). This estimation was based on the assumption that a jour-
nal that requires completion of a checklist at the time of submission (i.e., Nature) results in
increased adherence to transparency reporting guidelines compared to a journal that recom-
mends similar principles and guidelines for reporting preclinical research but does not require
the completion of a specific checklist at the time of submission (i.e., Cell). On a scale of 2-1-0
for each question (Table 2), we assumed that the difference between the two journals would be
0.5 points per each question. Under the assumption of standard deviation (SD) = 0.7,
power = 0.8, and alpha = 0.05, an n = 19 per group was calculated.

Data collection

Two authors (SH, TFO, JZ, JPP, or JHY) were randomly assigned to each manuscript to inde-
pendently evaluate quality and transparency in reporting by utilizing an electronic data
abstraction form (Table 2). The items in the form were selected from the consensus of an NTH
workshop on the issue of rigor and reproducibility [8, 9]. The form consists of 16 questions to
evaluate whether the study meets the core set of reporting standards for rigorous study design.
A rating of 2, 1, or 0 was given and corresponded to whether information pertaining to each
question was reported for all, some, or none of the data presented, respectively. For the infor-
mation regarding whether experiments were randomized, blinded, or how the sample size was
determined, a rating of 2, 1, 0 corresponded to reported and performed, reported but not per-
formed, and not reported, respectively (Table 2). Reviewers examined the full text of the arti-
cles, including figures and tables in addition to supplemental information and references.
Even if the information was not present in the full text or supplemental information, an article
received credit for reporting information as long as it was available in an article that authors
referenced. Any disagreements between the two reviewers were resolved by discussion
between the two reviewers. If disagreements were not resolved by discussion, a third indepen-
dent reviewer made a final decision. After resolving all possible discrepancies by discussion or
a third independent reviewer, the final data were downloaded in an electronic file from the
database and analyzed.

Statistical analysis

To examine whether transparency in reporting improved over time, we compared the degree
of key information reported in 2015 to that in 2013 in the two journals combined. To assess
whether the presence of a checklist had an impact, we compared the changes over time
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A Cell 2013
: 20 articles that consecutively met inclusion criteria
Cell 2015
Cell ) : 20 articles that
No checklist consecutively met
inclusion criteria
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| ! Time
Jan 2013 Jan 2015
Nature 2015
Checklist
Nature : 20 articles that
May 2013 s
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inclusion criteria
Nature 2013
: 20 articles that consecutively met inclusion criteria
B

Objective 1

: Evaluation of the current quality

(Results shown in Fig. 2)

@+@ vs. ©+B)

@ Cell (@Nature\

of reporting in 2015 versus 2013 S \ AULE J
No checklist Checklist
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@ Cell @Nature

2015 | 2015 )

Objective 2

: Evaluate the effect of a checklist
(Results shown in Fig. 3)

Not different

Control for journal difference
& changes over time

@vs. D

BB

Different

v

No effect on reporting

Fig 1. Outline of the study. (A) Selection of articles: Twenty consecutive articles that met the inclusion criteria among
those published beginning in January for both 2013 and 2015 in Nature (one that implemented a pre-submission
checklist) and Cell (one that did not) journals. This represents articles from periods of time before and after the
implementation of the checklist in May 2013. (B) Flow of the analysis: To examine whether quality of reporting has
improved over time, the degree of key information reported in 2015 was compared to that in 2013 in both journals
combined (Objective 1). To assess whether a checklist is associated with improved quality in reporting, we first compared
the changes over time observed in Nature (® vs. ®). If there was significant difference, we compared time “2015 vs.
2013”in Cell (@ vs. ®) and Nature vs. Cell within 2013 (® vs. ®) and 2015 (@ vs. @) to adjust for differences between

journals and changes over time in reporting (Objective 2).

https://doi.org/10.1371/journal.pone.0183591.9001
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Table 2. Data abstraction form to assess the quality and transparency in reporting.

Ratings
2 1 0
Description of Animals:
Source Yes, all reported Yes, some reported No, not
reported
Species Yes, all reported Yes, some reported No, not
reported
Strain Yes, all reported Yes, some reported No, not
reported
Sex Yes, all reported Yes, some reported No, not
reported
Age Yes, all reported Yes, some reported No, not
reported
Inbred and strain characteristics of genetically modified animals detailed? Yes, all reported Yes, some reported No, not
reported
N/A (genetically modified animals not used)
Identification of committee approving the animal experiments? Yes No
Statistics:
Define statistical test used for each relevant figure presented? Yes, all reported Yes, some reported No, not
reported
Define test as one-sided or two-sided? Yes, all reported Yes, some reported No, not
reported
Exact value of N for each relevant figure presented? Yes, all reported Yes, some reported No, not
reported
Definition of center, dispersion and precision measures in figures (e.g., mean, median, Yes, all reported Yes, some reported No, not
SD, SEM, confidence intervals)? reported
Replicates: Do investigators report how many times experiments were performed Yes, all reported Yes, some reported No, not
independently? reported
Replicates: Do investigators distinguish biological independent data points and Yes, all reported Yes, some reported No, not
technical replicates? reported
Randomization: Do authors include a statement whether the samples were Yes, reported and Yes, reported but not No, not
randomized even if no randomization was used? performed performed reported
Blinding: Do authors include a statement whether experimenters were blinded even if Yes, reported and Yes, reported but not No, not
no blinding occurred? performed performed reported
Sample size estimation: Do authors include a statement of sample size estimation? Yes, reported and Yes, reported but not No, not
performed performed reported

https://doi.org/10.1371/journal.pone.0183591.t002

observed in Nature with those observed in Cell. The flow of the analysis is shown in Fig 1B.
Given the sample size and the categorical variables, Fisher exact test was performed for our
analyses. We did not correct for multiple comparisons because the hypotheses are independent
and sample size was relatively small. All statistical analyses were two-sided, and performed
using Stata Statistical Software: Release 14.1 (StataCorp. 2015. College Station, TX: StataCorp

LP).

Results

Two highly cited life science journals, Nature (one that requires a checklist at submission) and
Cell (one that does not), were searched to identify original research articles reporting new data
based on in vivo animal experiments. A total of 943 articles published from January 1 to Febru-
ary 14 in 2013 and 2015 were examined through a pre-defined search strategy to identify 80

articles that consecutively met our inclusion criteria (see Materials and methods). The number
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of articles was decided a priori based on sample-size estimation. Eighty articles that were
reviewed for further analysis are listed in S1 Table. The outline of the study is shown in Fig 1.

Changes in reporting over time

The reporting status of both journals combined between 2013 and 2015 is presented in Fig 2.
Overall, the description of study animals was reported (all or some) in more than 80% of the
articles in 2013 and 2015, including source, species, strain, age, characterization of genetic
modification, and statement of approval by an institutional committee (Fig 2A-2C and 2E-
2G). A recent study showed that only 50% of the animal-based studies published in 2014
reported both age and sex variables [18]. Consistent with this, our study showed 42.5% (34 out
of 80 articles) reported both sex and age of the study animals completely in 2013 and 2015
(32.5% in 2013, and 52.5% in 2015, respectively). Notably, reporting the sex of animals, how-
ever, improved in 2015 when compared to 2013 (the percentage of all or some reported 47.5%
in 2013, and 77.5% in 2015 respectively, Fig 2D). In 2013 and 2015, most statistics (statistical
methods used, the exact value of sample size, and definition of center and dispersion) were all

Description of animals

A. Source B. Species C. Strain D. Sex p=0.0210
2013 22 2013 40 2013 38 2013 14
2015 20 2015 40 2015 39 2015 25
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
E. Age F. Genetically modified animals G. Committee approval
2013 30 2013 33 2013 37
2015 30 2015 30 2015 38
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Statistics
H. Definition of statistical tests l. One-sided vs Two-sided J. Exact value of N K. Definition of center, dispersion
2013 35 2013 15 2013 | 20 2013 35
2015 32 2015 17 2015 | 22 2015 36
0% 20% 40% 60% 80% 100% % DoX ik @k B0 ook 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Replicates
L. # of independent experiments M. Biological vs. Technical replicates (A-M)
p=0.0176
2013 8 2013 6 W Not reported
B Some reported
2015 20 2015 | 13 All reported
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Avoiding bias Precision
N. Randomization p=0.0034 0.Blinding  P<0.0001 P. Sample-size estimation 003 (N-P)
p=0.
2013 3 2013 8 2013 B Not reported
M Reported, but not performed
2015 9 2015 15 2015 9 Reported and performed
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Fig 2. Distribution of reporting study designs across time. The distributions of the reporting status are presented in stacked bar graphs.
The numbers inside the stacks are the number of articles corresponding to each percentage. The data for 2013 and 2015 are the total
numbers of articles assessed from Cell and Nature within a given year. Fisher exact test was performed to assess the difference in reporting
each methodological across time. Significant P values (< 0.05) are provided.

https://doi.org/10.1371/journal.pone.0183591.9002
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A. Animal Sex

Cell 2013

6

3

Cell 2015

B

C. Randomization

Cell 2013

0

Cell 2015

S

p<0.0001

or some reported in at least 80% of articles examined (Fig 2H, 2], and 2K). However, whether
the statistical tests used were one-sided or two-sided was not reported in approximately 50%
(47.5% in 2013, and 42.5% in 2015, respectively, Fig 2I).

Information regarding the number of independent experiments performed, and whether
authors distinguished biological versus technical replicates were all or some reported in at least
75% of the articles in 2013 (Fig 2L and 2M). Reporting the number of independent experi-
ments performed improved in 2015 compared to 2013 (P = 0.0176). On the other hand,
whether experiments were randomized, blinded, or how the sample size was determined were
stated in 20% or less of articles in 2013, and improved by 2015 (Fig 2N-2P). Specifically,
whether experiments were randomized was reported in 10% of articles in 2013, versus 42.5%
in 2015. The information on blinding was reported 20% in 2013, and improved to 65% in
2015. Also, how sample size was determined was stated in 2.5% of articles in 2013, versus
37.5% in 2015. Thus, collective reporting of the following five pieces of methodological infor-
mation in the two journals significantly improved in 2015 compared to 2013: (1) sex of the ani-
mal (Fig 2D); (2) number of independent experiments performed (Fig 2L); (3) randomization
(Fig 2N); (4) blinding (Fig 20); and (5) sample size estimation (Fig 2P).

Differences between Cell and Nature

We next evaluated the reporting of methodological information in Nature and Cell separately
to determine whether changes in reporting behavior over time are different by journals. The
analyses for the above five methodological information are presented in Fig 3. Other

B. No. of independent experiments

Nature 2013 Cell 2013 Nature 2013
a...4a
8 p=0.0788 7
q 2 13 9
Nature 2015 p=0.0625 * Cell 2015 Nature 2015 ~ P=0.0796

p=0.0237 A
8 p=0.0595/8

7

4

13 12

M Notreported ] Some reported All reported (A-B)

D. Blinding E. Sample size estimation

Cell 2013 Nature 2013 Cell 2013 Nature 2013

1 1
* 7
p=0.0436

p=0.0915 Cell 2015 Nature 2015 i Cell 2015 Nature 2015 s

p<0.0001 p<0.0001
6
= [, o 9
p<0.0001 6

Reported and performed (C-E)

Nature 2013

“
Nature 2015 =

q p<0.0001
[ 9
8

=

p<0.0001

H Notreported [ Reported, but not performed

Fig 3. The changes in rigorous reporting of study designs by a checklist. The numbers inside the pie charts are the number of articles
corresponding to each category. P values < 0.10 using Fisher exact test are provided to compare time 2015 vs. 2013 within the intervention
(Nature) or the comparison (Cell) group, or to compare intervention vs comparison group within 2013 and 2015, respectively. # is shown
where comparisons between the touching two groups are significantly different with P < 0.05.

https://doi.org/10.1371/journal.pone.0183591.9003
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methodological information that is not shown in Fig 3 were not differently reported between
Nature articles published in 2015 compared to those in 2013 (S2 Table). Reporting the sex of
animals did not change over time in each journal (P = 0.1626 and P = 0.0625 in Cell and
Nature, respectively, Fig 3A), suggesting the improvement in reporting the sex of the animal
across time in Fig 2D is unlikely attributable to solely the implementation of a pre-submission
checKklist.

Reporting the number of independent experiments was statistically different from 2013 to
2015 within Cell (P = 0.0237) but not within Nature (P = 0.0796, Fig 3B). However, the report-
ing of independent experiments in the two journals were not different when compared within
2013 (P =0.0788) and 2015 (P = 0.0595) (Fig 3B). This suggests that the improvement in
reporting the number of independent experiments performed across time (Fig 2L) is likely
attributable to factors not related to a checklist.

On the other hand, the intervention group (Nature) showed a significantly greater improve-
ment than the comparison group (Cell) in reporting randomization, blinding, and sample-size
estimation (Fig 3C-3E). Specifically, the frequency of reporting randomization status was
improved from 15% in 2013 to 85% in 2015 within Nature, while 5% to 0% within Cell. The
reporting of whether experiments were blinded, improved from 35% to 100% in Nature, but
only from 5% to 30% in Cell. How sample size was determined was not reported at all in Cell
both in 2013 and 2015, but the reporting frequency was improved to 75% from 5% in Nature
after a checklist. Notably, of the articles that were compliant with a checklist, 47% reported
that they did not perform randomization, 55% did not perform blinding, and 40% did not per-
form sample size estimation. These results indicate that incorporation of a checklist did make
an impact on the reporting of those study details. Interestingly, reporting the status of blinding
in the intervention group (Nature) was different from that in the comparison group (Cell) in
both 2013 (P = 0.0436) and 2015 (P < 0.0001) (Fig 3D). Despite the difference in reporting of
blinding in Nature versus Cell prior to the checklist, a checklist further improved reporting of
blinding because the intervention group (Nature) but not the comparison group (Cell)
improved reporting of this information across time.

We did not correct significance levels for multiple comparisons because we compared
the distribution of outcomes in only two groups and did not conduct post hoc tests such as
multiple comparison analysis testing in ANOVA (Analysis of variance). We performed a series
of Fisher’s exact tests for 16 items simultaneously, but it is not typical to control for the false-
positive error rate when performing less than 50 independent tests as doing so over-adjusts
[19, 20]. Nonetheless, the level of significance required by the Bonferroni adjustment is
(0.05/16) = 0.003125. The improvement in reporting of randomization, blinding and sample-
size estimation from 2013 to 2015 within Nature remain statistically significant after the
adjustment, providing us with the same inferences.

Discussion

Our study shows that the reporting of important details such as sample size estimation and
whether experiments were randomized or blinded improved to a greater degree when a check-
list is required, compared with when it is not. Specifically, with a mandatory checklist, the rela-
tive frequency of reporting the three methodological information were improved by at least
65%. However, without a checklist it was only improved at most by 25% (absolute difference).
In addition, there was overall improvement from 2013 to 2015 in the reporting of sex of ani-
mals and number of independent experiments performed in preclinical animal studies. Our
results suggest the latter is a time effect, and likely from factors not related to a checKklist, such
as increased public awareness of transparency in reporting over time.
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Reproducibility in biomedical research has been an emerging issue in the scientific commu-
nity. The sporadic, anecdotal concern [21] was reinforced by alarming reports from pharma-
ceutical companies [2, 3] that they were able to reproduce results from less than 25% of
published preclinical studies. A recent survey showed that 90% of researchers agreed that there
is a crisis of reproducibility [22]. Considerable discussion and effort aimed at improving repro-
ducibility continue to engage scientists. However, when the published results cannot be repro-
duced, it does not always mean that original findings are incorrect. It could simply be that the
description of the original experiments was not detailed enough for others to successfully
reproduce the findings. To increase transparency and improve reproducibility, the scientific
community has endorsed guidelines and provided recommendations for reporting animal
research, including the ARRIVE (Animals in Research: Reporting In Vivo Experiments) guide-
lines [8, 10]. Compliance with these guidelines remains low several years later [23]. The less-
than-optimal compliance is likely multi-factorial, stemming from reasons such as impractical-
ity of the guidelines for some studies [23] or simply lack of awareness of its existence. Nonethe-
less, the scientific community needs effective and simple tools to improve reporting of
preclinical animal research.

A checklist is an efficient tool to reduce errors and has been successfully implemented in
the reporting of RCTs and medical field [13, 14, 17]. For example, the World Health Organiza-
tion’s Patient Safety Programme developed a surgical safety checklist consisting of 19 items
that requires an oral confirmation by the surgical team at the completion of several key steps
during the perioperative period [24]. Implementation of the checklist was associated with sig-
nificantly reduced postoperative complications and mortality [16, 17]. Also, reporting in RCT's
improved after adopting the CONSORT checKklist [13, 25]. A journal policy endorsing the
CONSORT Statement seems to be helpful for improving the reporting of trials published in
medical journals [26], especially when journals promote the use of CONSORT checklist by
including it in the journal’s “information to authors” section or by requiring authors or manu-
script reviewers to complete the checklist [27]. Likewise, some life science journals instituted
the use of a checklist during their editorial process to improve transparency in reporting of
preclinical biomedical research. However, whether such a checklist improves quality and
transparency in reporting of key methodological information in the setting of preclinical
research is not known.

Our study shows that a required checklist at the time of manuscript submission improves
the reporting of certain methodological information, such as randomization, blinding, and
sample-size estimation, in preclinical in vivo animal studies. The reporting of this information
was poor at baseline in 2013 but improved with incorporation of a checklist. It has been
emphasized that randomization, blinding, and sample-size estimation are important for reduc-
ing bias in animal studies [28], yet these aspects of study design remain inadequately reported
in preclinical research [29]. Specifically, the reporting of those methodological information in
cardiovascular preclinical research was poor over the past 10 years [30], which is essentially in
accord with our results. This inadequate reporting in preclinical studies contrasts with that in
human clinical trials. Many preclinical biomedical studies test their hypotheses at multiple lev-
els with different approaches to try to increase the probability of their findings show an effect,
while most human clinical trials do not because of feasibility and ethical limitations. Although
methodological tools to reduce bias, such as randomization and blinding, and tools to reduce
imprecision such as sample-size estimation have been considered more critical in clinical tri-
als, basic researchers may underestimate the importance of these tools, and instead utilize var-
ied approaches to testing their hypotheses in their preclinical research. A checklist may be a
simple and effective tool to remind researchers of the importance of these tools and thus
improve the reporting of the information. It is possible that an improvement in the reporting
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of this information does not translate directly to an improvement in the actual quality of the
studies, due to the concern of false/inaccurate reporting (e.g. claiming randomization when
there was none). We found, however, that approximately half of the manuscripts that were
compliant with the checklist indicated not using these tools, suggesting a substantial amount
of truthful reporting of this information.

We also noted that certain methodological information that is generally expected to be
completely reported in biomedical research is only partially reported. For example, in approxi-
mately half of the articles that we examined in 2013 and 2015, the exact values of sample sizes
(N) were not reported for all the data presented. Also, 20% of the articles did not report all the
statistical tests that were used. These are areas we have identified that hold opportunities for
further improving the reporting of study design and methodology.

Implementing a checklist as a part of the editorial process for journals may improve trans-
parency and the reporting of key information, but this occurs only at a late stage where the
experiments have already been conducted and the data submitted. Ideally, a checklist should
be used earlier in the research process to avoid experimental errors that would cause a study
not to be of publishable quality in the first place. Nature’s checklist accomplishes this to a
degree, as it was available online for authors to use as a reference when designing experiments.
Another concern raised previously is that rigid guidelines may restrict creativity in the early
stages of basic research [31]. The main objective of some studies is to describe novel observa-
tions of unique phenomena, and certain methodology, such as blinding, randomization, or
sample-size estimation, cannot be practically applied for all experiments. At this exploratory
rather than confirmatory stage, a checklist may be utilized as a reminder for researchers to
simply report whether these methodologies were performed or not.

Our study design may not provide the strongest level of evidence to support our conclusion
that a mandatory checklist improves the quality of reporting preclinical animal studies. It is
generally considered that the evidence from systematic reviews of RCT's or well-designed
RCTs provides the highest level of evidence [32, 33]. Randomization is the best approach to
assess causality and minimize confounding by achieving balance between intervention and
control groups, however, it is often not feasible to conduct randomization. Quasi-experimental
design is an alternative approach to assess causality between an intervention and an outcome
without randomization [34, 35]. It requires a concurrent comparison group that is similar to
an intervention group with regard to all factors that might affect outcomes except the exposure
to the intervention of interest. In our case, it is practically impossible to randomly assign an
intervention (checklist) in a journal to address our research question. Therefore, we employed
instead a quasi-experimental design that provides the next strongest level of evidence. We
identified a concurrent comparison group (Cell) that has similar scope and rigorous standards
of reporting as Nature. Both journals possess the highest impact factors in Journal Citation
Reports 2013. We recognize that impact factors may not be the most accurate measure for
quality of studies, but at the same time, it is not known precisely what the factors are that affect
the quality of reporting methodological and analytical information in preclinical animal stud-
ies. Having such a comparison group allowed us to capture the possible outcomes if the check-
list had not been implemented. If we only measured the outcomes in Nature in 2013 (pre-)
and 2015 (post-checklist), measuring and analyzing additional outcomes over time prior to
2013 (time-series analysis) is critical to evaluate the effect of a mandatory checklist. With the
before/after approach, any observed improvement in reporting outcomes could be simply the
continuation of the improvement over time, independent of a mandatory checklist. On the
other hand, a time-series analysis without a concurrent comparison still cannot control for
potential confounding factors that are time-varying such as secular trends [34]. As a way to
overcome the challenge, we incorporated Cell as a concurrent comparison (quasi-experimental
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design) and thus were able to capture the changes to reporting, over the same period of time,
that are not attributable to a mandatory checklist. The frequencies of reporting randomization,
blinding, and sample-size estimation were at least three-fold higher when the checklist was
used, compared to when it was not. The baseline frequencies of reporting the methodological
information in early 2013 before Nature implemented a mandatory checklist were not signifi-
cantly different between the two journals except reporting of blinding (35% in Nature versus
5% in Cell, p = 0.0436). Even for the reporting of blinding, the degree of improvement in 2015,
when compared to 2013, was much greater in Nature (65%) than in Cell (25%, absolute differ-
ence). Hence, we concluded that a checklist can be said to improve the quality of reporting cer-
tain methodological information in preclinical studies. While preparing this manuscript, a
study protocol on a similar research question with similar study design (quasi-experimental)
as ours was published [36]. Although their study will be assisted by the Nature Publishing
Group, it will be interesting to compare their results to ours.

Conclusions

In conclusion, a checklist that is publicly available, and that authors must complete at the time
of manuscript submission, improves the quality of reporting preclinical animal studies. Inde-
pendent of the checklist, the overall quality of reporting data also improved over time since
irreproducibility of studies has gained the attention of the scientific community. A checklist
may be a simple, practical, and effective tool to promote the quality of scientific reporting.

Supporting information

S1 Table. The list of articles included in this study.
(PDF)

$2 Table. Quality of reporting across time in each journal: Percent (%).
(PDF)

Author Contributions

Conceptualization: SeungHye Han, Doris M. Rubio, Janet S. Lee.

Data curation: SeungHye Han, Kyle M. Holleran.

Formal analysis: SeungHye Han, Kwonho Jeong.

Funding acquisition: SeungHye Han, Tolani F. Olonisakin, Doris M. Rubio, Janet S. Lee.

Investigation: SeungHye Han, Tolani F. Olonisakin, John P. Pribis, Jill Zupetic, Joo Heung
Yoon, Janet S. Lee.

Supervision: Doris M. Rubio, Janet S. Lee.
Writing - original draft: SeungHye Han, Doris M. Rubio, Janet S. Lee.

Writing - review & editing: SeungHye Han, Tolani F. Olonisakin, John P. Pribis, Joo Heung
Yoon, Kwonho Jeong, Nader Shaikh, Doris M. Rubio, Janet S. Lee.

References

1. Contopoulos-loannidis DG, Ntzani E, loannidis JP. Translation of highly promising basic science
research into clinical applications. Am J Med. 2003; 114(6):477-84. PMID: 12731504.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183591 September 13,2017 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183591.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183591.s002
http://www.ncbi.nlm.nih.gov/pubmed/12731504
https://doi.org/10.1371/journal.pone.0183591

@° PLOS | ONE

A checklist and reporting of preclinical biomedical research

10.

11.
12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Prinz F, Schlange T, Asadullah K. Believe it or not: how much can we rely on published data on potential
drug targets? Nat Rev Drug Discov. 2011; 10(9):712. https://doi.org/10.1038/nrd3439-c1 PMID:
21892149.

Begley CG, Ellis LM. Drug development: Raise standards for preclinical cancer research. Nature. 2012;
483(7391):531-3. https://doi.org/10.1038/483531a PMID: 22460880.

Casadevall A, Fang FC. Reproducible science. Infect Immun. 2010; 78(12):4972-5. https://doi.org/10.
1128/IA1.00908-10 PMID: 20876290;

Peng RD. Reproducible research and Biostatistics. Biostatistics. 2009; 10(3):405-8. https://doi.org/10.
1093/biostatistics/kxp014 PMID: 19535325.

Drummond C, editor Replicability is not Reproducibility: Nor is it Good Science. Proc of the Evaluation
Methods for Machine Learning Workshop at the 26th ICML; 2009; Montreal, Quebec, Canada.

Goodman SN, Fanelli D, loannidis JPA. What does research reproducibility mean? Science Transla-
tional Medicine. 2016; 8(341):341ps12—ps12. https://doi.org/10.1126/scitransimed.aaf5027 PMID:
27252173

Landis SC, Amara SG, Asadullah K, Austin CP, Blumenstein R, Bradley EW, et al. A call for transparent
reporting to optimize the predictive value of preclinical research. Nature. 2012; 490(7419):187-91.
https://doi.org/10.1038/nature 11556 PMID: 23060188;

Principles and Guidelines for Reporting Preclinical Research. https://www.nih.gov/research-training/
rigor-reproducibility/principles-guidelines-reporting-preclinical-research.

Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. Improving bioscience research reporting:
the ARRIVE guidelines for reporting animal research. PLoS biology. 2010; 8(6):e1000412. https://doi.
org/10.1371/journal.pbio.1000412 PMID: 20613859;

Reducing our irreproducibility. Nature. 2013; 496(7446):398-.

McNutt M. Reproducibility. Science. 2014; 343(6168):229. https://doi.org/10.1126/science.1250475
PMID: 24436391.

Plint AC, Moher D, Morrison A, Schulz K, Altman DG, Hill C, et al. Does the CONSORT checklist
improve the quality of reports of randomised controlled trials? A systematic review. Med J Aust. 2006;
185(5):263-7. PMID: 16948622.

Benger JR, Pearce V. Simple intervention to improve detection of child abuse in emergency depart-
ments. Bmj. 2002; 324(7340):780. PMID: 11924662;

Bohmer AB, Wappler F, Tinschmann T, Kindermann P, Rixen D, Bellendir M, et al. The implementation
of a perioperative checklist increases patients’ perioperative safety and staff satisfaction. Acta Anaes-
thesiol Scand. 2012; 56(3):332-8. https://doi.org/10.1111/j.1399-6576.2011.02590.x PMID: 22188135.

Bergs J, Hellings J, Cleemput |, Zurel O, De Troyer V, Van Hiel M, et al. Systematic review and meta-
analysis of the effect of the World Health Organization surgical safety checklist on postoperative compli-
cations. Br J Surg. 2014; 101(3):150-8. https://doi.org/10.1002/bjs.9381 PMID: 24469615.

Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AH, Dellinger EP, et al. A surgical safety check-
list to reduce morbidity and mortality in a global population. N Engl J Med. 2009; 360(5):491-9. hitps://
doi.org/10.1056/NEJMsa0810119 PMID: 19144931.

Florez-Vargas O, Brass A, Karystianis G, Bramhall M, Stevens R, Cruickshank S, et al. Bias in the
reporting of sex and age in biomedical research on mouse models. Elife. 2016; 5. https://doi.org/10.
7554/eLife.13615 PMID: 26939790;

Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology. 1990; 1(1):43-6.
PMID: 2081237.

Chen JJ, Roberson PK, Schell MJ. The false discovery rate: a key concept in large-scale genetic stud-
ies. Cancer Control. 2010; 17(1):58-62. PMID: 20010520.

Mobley A, Linder SK, Braeuer R, Ellis LM, Zwelling L. A survey on data reproducibility in cancer
research provides insights into our limited ability to translate findings from the laboratory to the clinic.
PLoS One. 2013; 8(5):e63221. https://doi.org/10.1371/journal.pone.0063221 PMID: 23691000;

Baker M. 1,500 scientists lift the lid on reproducibility. Nature. 2016; 533(7604):452—4. https://doi.org/
10.1038/533452a PMID: 27225100.

Baker D, Lidster K, Sottomayor A, Amor S. Two years later: journals are not yet enforcing the ARRIVE
guidelines on reporting standards for pre-clinical animal studies. PLoS biology. 2014; 12(1):e1001756.
https://doi.org/10.1371/journal.pbio.1001756 PMID: 24409096;

Weiser TG, Haynes AB, Lashoher A, Dziekan G, Boorman DJ, Berry WR, et al. Perspectives in quality:
designing the WHO Surgical Safety Checklist. Int J Qual Health Care. 2010; 22(5):365-70. https://doi.
org/10.1093/intghc/mzq039 PMID: 20702569.

PLOS ONE | https://doi.org/10.1371/journal.pone.0183591 September 13,2017 13/14


https://doi.org/10.1038/nrd3439-c1
http://www.ncbi.nlm.nih.gov/pubmed/21892149
https://doi.org/10.1038/483531a
http://www.ncbi.nlm.nih.gov/pubmed/22460880
https://doi.org/10.1128/IAI.00908-10
https://doi.org/10.1128/IAI.00908-10
http://www.ncbi.nlm.nih.gov/pubmed/20876290
https://doi.org/10.1093/biostatistics/kxp014
https://doi.org/10.1093/biostatistics/kxp014
http://www.ncbi.nlm.nih.gov/pubmed/19535325
https://doi.org/10.1126/scitranslmed.aaf5027
http://www.ncbi.nlm.nih.gov/pubmed/27252173
https://doi.org/10.1038/nature11556
http://www.ncbi.nlm.nih.gov/pubmed/23060188
https://www.nih.gov/research-training/rigor-reproducibility/principles-guidelines-reporting-preclinical-research
https://www.nih.gov/research-training/rigor-reproducibility/principles-guidelines-reporting-preclinical-research
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1371/journal.pbio.1000412
http://www.ncbi.nlm.nih.gov/pubmed/20613859
https://doi.org/10.1126/science.1250475
http://www.ncbi.nlm.nih.gov/pubmed/24436391
http://www.ncbi.nlm.nih.gov/pubmed/16948622
http://www.ncbi.nlm.nih.gov/pubmed/11924662
https://doi.org/10.1111/j.1399-6576.2011.02590.x
http://www.ncbi.nlm.nih.gov/pubmed/22188135
https://doi.org/10.1002/bjs.9381
http://www.ncbi.nlm.nih.gov/pubmed/24469615
https://doi.org/10.1056/NEJMsa0810119
https://doi.org/10.1056/NEJMsa0810119
http://www.ncbi.nlm.nih.gov/pubmed/19144931
https://doi.org/10.7554/eLife.13615
https://doi.org/10.7554/eLife.13615
http://www.ncbi.nlm.nih.gov/pubmed/26939790
http://www.ncbi.nlm.nih.gov/pubmed/2081237
http://www.ncbi.nlm.nih.gov/pubmed/20010520
https://doi.org/10.1371/journal.pone.0063221
http://www.ncbi.nlm.nih.gov/pubmed/23691000
https://doi.org/10.1038/533452a
https://doi.org/10.1038/533452a
http://www.ncbi.nlm.nih.gov/pubmed/27225100
https://doi.org/10.1371/journal.pbio.1001756
http://www.ncbi.nlm.nih.gov/pubmed/24409096
https://doi.org/10.1093/intqhc/mzq039
https://doi.org/10.1093/intqhc/mzq039
http://www.ncbi.nlm.nih.gov/pubmed/20702569
https://doi.org/10.1371/journal.pone.0183591

@° PLOS | ONE

A checklist and reporting of preclinical biomedical research

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

Kane RL, Wang J, Garrard J. Reporting in randomized clinical trials improved after adoption of the
CONSORT statement. J Clin Epidemiol. 2007; 60(3):241-9. https://doi.org/10.1016/j.jclinepi.2006.06.
016 PMID: 17292017.

Turner L, Shamseer L, Altman DG, Weeks L, Peters J, Kober T, et al. Consolidated standards of report-
ing trials (CONSORT) and the completeness of reporting of randomised controlled trials (RCTs) pub-
lished in medical journals. Cochrane Database Syst Rev. 2012; 11:MR000030. https://doi.org/10.1002/
14651858.MR000030.pub2 PMID: 23152285.

Devereaux PJ, Manns BJ, Ghali WA, Quan H, Guyatt GH. The reporting of methodological factors in
randomized controlled trials and the association with a journal policy to promote adherence to the Con-
solidated Standards of Reporting Trials (CONSORT) checklist. Control Clin Trials. 2002; 23(4):380-8.
PMID: 12161081.

Festing MF, Altman DG. Guidelines for the design and statistical analysis of experiments using labora-
tory animals. ILAR J. 2002; 43(4):244-58. PMID: 12391400.

Hackam DG, Redelmeier DA. Translation of research evidence from animals to humans. JAMA. 2006;
296(14):1731-2. https://doi.org/10.1001/jama.296.14.1731 PMID: 17032985.

Ramirez FD, Motazedian P, Jung RG, Di Santo P, MacDonald ZD, Moreland R, et al. Methodological
Rigor in Preclinical Cardiovascular Studies: Targets to Enhance Reproducibility and Promote Research
Translation. Circulation research. 2017; 120(12):1916-26. https://doi.org/10.1161/CIRCRESAHA.117.
310628 PMID: 28373349;

Morris R. Reporting standards: Rigid guidelines may restrict research. Nature. 2012; 491(7423):192-.

U.S. Preventive Services Task Force., United States. Office of Disease Prevention and Health Promo-
tion. Guide to clinical preventive services: report of the U.S. Preventive Services Task Force. 2nd ed.
Washington, DC: U.S. Dept. of Health and Human Services, Office of Public Health and Science Supt.
of Docs., U.S. G.P.O., distributor; 1996. xcii, 933 p. p.

Group OLoEW. OCEBM Levels of Evidence 2011. Available from: http://www.cebm.net/ocebm-levels-
of-evidence/.

Cousens S, Hargreaves J, Bonell C, Armstrong B, Thomas J, Kirkwood BR, et al. Alternatives to rando-
misation in the evaluation of public-health interventions: statistical analysis and causal inference. J Epi-
demiol Community Health. 2011; 65(7):576-81. https://doi.org/10.1136/jech.2008.082610 PMID:
19666633.

Harris AD, Bradham DD, Baumgarten M, Zuckerman IH, Fink JC, Perencevich EN. The use and inter-
pretation of quasi-experimental studies in infectious diseases. Clin Infect Dis. 2004; 38(11):1586-91.
https://doi.org/10.1086/420936 PMID: 15156447.

Cramond F, Irvine C, Liao J, Howells D, Sena E, Currie G, et al. Protocol for a retrospective, controlled
cohort study of the impact of a change in Nature journals’ editorial policy for life sciences research on
the completeness of reporting study design and execution. Scientometrics. 2016; 108:315-28. https://
doi.org/10.1007/s11192-016-1964-8 PMID: 27390387;

PLOS ONE | https://doi.org/10.1371/journal.pone.0183591 September 13,2017 14/14


https://doi.org/10.1016/j.jclinepi.2006.06.016
https://doi.org/10.1016/j.jclinepi.2006.06.016
http://www.ncbi.nlm.nih.gov/pubmed/17292017
https://doi.org/10.1002/14651858.MR000030.pub2
https://doi.org/10.1002/14651858.MR000030.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23152285
http://www.ncbi.nlm.nih.gov/pubmed/12161081
http://www.ncbi.nlm.nih.gov/pubmed/12391400
https://doi.org/10.1001/jama.296.14.1731
http://www.ncbi.nlm.nih.gov/pubmed/17032985
https://doi.org/10.1161/CIRCRESAHA.117.310628
https://doi.org/10.1161/CIRCRESAHA.117.310628
http://www.ncbi.nlm.nih.gov/pubmed/28373349
http://www.cebm.net/ocebm-levels-of-evidence/
http://www.cebm.net/ocebm-levels-of-evidence/
https://doi.org/10.1136/jech.2008.082610
http://www.ncbi.nlm.nih.gov/pubmed/19666633
https://doi.org/10.1086/420936
http://www.ncbi.nlm.nih.gov/pubmed/15156447
https://doi.org/10.1007/s11192-016-1964-8
https://doi.org/10.1007/s11192-016-1964-8
http://www.ncbi.nlm.nih.gov/pubmed/27390387
https://doi.org/10.1371/journal.pone.0183591

