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Editors are responsible for what they publish and should 
therefore seek to protect readers from unreliable or 
misleading information. This means that they will sometimes 
have to deal with suspected fraud or misconduct. Various 
definitions of fraud are used by different organizations and, 
even if definitions were agreed, it is hard to estimate the 
frequency of the problem. Rather than entering this debate, 
this chapter aims to provide practical advice to editors for 
dealing with suspected or proven misconduct by authors 
and peer reviewers.

Types of fraud and misconduct
Editors most commonly have to consider misconduct 
by authors and peer reviewers, although it should not be 
forgotten that editors themselves may commit offences and 
abuse their position. According to an international survey 
by a major publisher in 2009, the ethical problems that 
most concern editors of science journals are: redundant 
publication, plagiarism, duplicate submission, undisclosed 
conflicts of interest, authorship problems, falsified or 
fabricated data and unethical research.1 Misconduct by 
peer reviewers relates to breaches of confidentiality and 
misappropriation of data or ideas from submissions during 
the review process. 

General principles
The first step in cases of suspected misconduct is usually 
to ask the authors for an explanation. It is surprising 
how often what appears to be an ‘open and shut’ case of 
misconduct turns out either to be more complex than it 
originally appeared, or, however unlikely it may seem at 
first, to have an innocent explanation. Ideally, all authors 
should be contacted (not just the corresponding author) 
so that everybody’s story can be heard. To enable this, it is 
helpful to obtain email addresses for all authors during the 
original submission. 

Some journals routinely contact all listed authors (for 
example, when acknowledging submission) and those that 
do report that this regularly reveals guest or gift authors who 
were unaware that their names had been listed. Therefore 
this simple step may help prevent one type of misconduct.

In the first instance, when contacting an author, the editor 
should simply set out the evidence or concerns in a neutral 
manner and should not make accusations of misconduct. 
(For example, the editor should draw the authors’ attention 
to closely matching text in two documents rather than 
accuse them of plagiarism).

If the author(s) do not respond, or the explanation 
is unsatisfactory, the next step is usually to contact the 
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responsible institution. Editors should remember that their 
primary role is to safeguard the literature, not to investigate 
suspected research misconduct or to discipline researchers. 
Proper investigation of suspected misconduct is usually 
time-consuming and complex. Journals have neither the 
legal standing nor the resources to attempt this. Therefore, 
in most cases and types of suspected misconduct, the 
editor’s first role is to alert an appropriate authority – 
such as the author’s institution or employer, or a national 
research integrity body – to seek an investigation. While 
the journal should supply what evidence it has, and should 
cooperate with any formal investigation, it should not 
attempt to investigate the case itself.

Ideally, cases of suspected misconduct will be thoroughly 
investigated by the relevant institution (applying due process 
to ensure that all parties receive fair treatment). In such 
cases, the journal’s role is simply to respond appropriately 
to the outcome. However, all too often, editors have to 
decide what to do when they get no response from an 
author’s institution, or the institution refuses to investigate, 
or the investigation does not seem to be thorough or fair.2 

If the editor cannot obtain a proper investigation (and 
this often requires some persistence) they must decide 
how to respond. In some cases, the evidence may be clear, 
for example if text-matching software reveals extensive 
plagiarism or redundant publication, or when screening 
reveals unacceptable manipulation of digital images.

If misconduct is discovered in a submitted (but not yet 
published) article, it is relatively straightforward to reject it. 
However, unless the author’s institution has been informed, 
the author may simply submit the article to another journal 
that checks submissions less carefully, or perhaps after 
removing evidence of the misconduct. The COPE Code 
of Conduct therefore recommends that “Editors should 
not simply reject papers that raise concerns about possible 
misconduct. They are ethically obliged to pursue alleged 
cases.”3

If an editor believes that an author acted in ignorance 
rather than malice, or for a relatively minor offence (however 
that may be defined), they may choose to write a formal 
letter expressing their disappointment and explaining their 
concern. This might be copied to a Head of Department or 
Dean without necessarily requesting a formal investigation 
or any disciplinary action.

If misconduct is discovered in a published work, the 
editor needs to decide whether a retraction is required. 
As the COPE guidelines on retraction note, “The main 
purpose of retractions is to correct the literature and ensure 
its integrity rather than to punish authors who misbehave”.4
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Key points
Journals should have policies for dealing with suspected 
fraud and for correcting the literature. Several guidelines 
and resources are available that should inform such policies. 
Editors should not simply reject papers if they suspect 
misconduct but should pursue such cases. However, editors 
need to remember that it is not their role to investigate 
misconduct or discipline researchers – this should be left 
to the research institutions. If institutions are unresponsive, 
the editor’s job is more difficult, therefore having clear 
policies on retraction may be helpful.

Note about the author
Elizabeth Wager is a former Chair of COPE, the Committee 
on Publication Ethics.
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COPE recommends that editors should consider 
retracting a publication if they have clear evidence 
that published findings are unreliable and in cases of 
redundant publication, plagiarism or unethical research. 
An expression of concern should be used to alert readers 
in cases where there is inconclusive evidence (but a strong 
suspicion) of misconduct, when the authors’ institution 
will not investigate a case, when an investigation is not 
considered to have been carried out properly, or when an 
investigation will not conclude for some time. Corrections 
should be used if only a small part of an otherwise reliable 
publication is found to be misleading (especially if this is 
due to honest error rather than deliberate misconduct) or if 
the author list needs to be changed.

Since the purpose of retractions is to alert readers to 
unreliable or fraudulent publications, it is important that 
they are clearly identified and linked to the retracted 
article. Publishers should have policies on retractions and 
systems for ensuring they are properly handled. Online 
publication facilitates the linkage of retraction notices to 
retracted articles, and the labelling of retracted articles, 
which were not possible in the days of print. However, 
online publication also means that several versions of 
an article may be available, for example in institutional 
repositories or preprint servers. A recent development 
called CrossMark, which has been adopted by several 
major publishers, identifies the publisher-curated version 
of a publication and allows readers to check whether it has 
been corrected or retracted.5

If a publication is retracted, it should not normally be 
removed from the website, as this might cause confusion 
to readers and leaves no record of the problem. Even if 
an article has only appeared online and not in the printed 
version of a journal, it should not simply disappear if it is 
retracted but a proper notice of retraction should be issued 
and the online version of the article should be clearly 
labelled (for example, by a watermark on the PDF). The 
only occasions on which articles should be removed from a 
journal’s website completely are if they are libellous or when 
removal is required for other legal concerns such as breach 
of copyright. Even in such cases, the title should remain 
in the table of contents and bibliographic databases but 
should be clearly identified as relating to a retracted article.

Useful guidelines
The Committee on Publication Ethics (COPE) website 
contains many useful resources to help editors deal 
with misconduct. Most are freely available even to non-
members. The website includes flowcharts which give step-
by-step advice to editors about what to do if they suspect 
plagiarism, data fabrication, redundant publication, 
authorship problems, undisclosed conflicts of interest or 
reviewer misconduct either before or after publication.6 
Some publishers also provide guidance to editors, for 
example Elsevier7 and Wiley-Blackwell8 both offer detailed 
guides that include the COPE flowcharts.

COPE has produced guidelines on retractions, which 
also cover Expressions of Concern and explain when these 
should be used.4 COPE members can also receive advice on 

anonymized individual cases via the COPE Forum.
The Council of Science Editors’ White Paper on 

Promoting Integrity in Scientific Journal Publications9 
(updated in 2012) is an excellent comprehensive guide. 
This includes template letters for a range of situations that 
may be adapted by editors. (COPE also provides sample 
letters but these are available only to COPE members.) 

While the COPE and CSE guidelines apply across all 
scientific disciplines, biomedical editors may also find 
useful chapters in the book ‘Fraud & Misconduct in 
Biomedical Research’ edited by Wells and Farthing.10 There 
is also a helpful chapter on dealing with misconduct in Irene 
Hames’ book on peer review.11 The World Association of 
Medical Editors website has a useful section on ‘Publication 
Ethics Policies for Medical Journals’.12

Working with whistleblowers
Occasionally, allegations of misconduct reach an editor 
via a whistleblower (usually somebody connected with the 
research who reports their concerns). In many cases, the 
whistleblower will request that their identity is not revealed, 
or they may even contact the journal anonymously, or using 
a pseudonym. In such cases, editors should take care to 
respect the whistleblower’s request for anonymity. Editors 
may feel uncomfortable about anonymous allegations, 
but COPE has advised (in various cases discussed by the 
COPE Forum) that all well-founded allegations should 
be investigated, regardless of whether the informant is 
prepared to disclose their identity. Vague or personal 
allegations may be rejected, but allegations of specific 
misconduct should be followed up. More guidance can be 
found in the chapters by Kleinert and Gunsalas & Rennie 
in Wells & Farthing.10

Avoiding problems
Although, sadly, providing comprehensive guidelines to 
authors cannot prevent the occurrence of research and 
publication misconduct, it may reduce its frequency and, 
at the very least, make it easier for journals to handle it. 
For example, if journals provide clear guidance about 
plagiarism and repetitive publication, and get authors 
to attest (in the cover letter or as part of the submission 
system) that the submitted work is original, it will be 
harder for authors to claim ignorance when confronted 
with apparent breaches of such policies. Similarly, it may 
be helpful to publish information about how the journal 
handles cases of suspected misconduct including its policy 
on retraction. (For an example, see the BMJ’s instructions 
to authors).13

Editors should consider the legal implications of their 
actions and should inform their publisher about cases 
of suspected fraud. Even an apparently straightforward 
authorship dispute, wrongly handled, could involve 
costly law suits (e.g. Romero vs Buhimschi).14 Retraction 
statements should always indicate the reason for retraction, 
to distinguish fraud from honest error, but care should be 
taken to ensure that the wording is not libellous. When in 
doubt, consult your publisher’s legal department.
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Scientific progress depends on the integrity of scientific 
literature. Journal editors have a responsibility to protect 
scientific literature by applying standards of data integrity 
for all the papers they publish. This is best achieved by: 1) 
setting readily available, clear, practical, and enforceable 
guidelines for authors, reviewers, and editors; 2) 
establishing quality controls to monitor compliance with 
those guidelines, and 3) taking remedial action when the 
data fail to meet the standard.

Background
Researchers have access to increasingly more sophisticated 
equipment, and broader and easier access to computers 
and software for creating the images used in scientific 
publications. Incentives to maximize publication output 
are intense, with fierce competition for appointments, 
fellowships and grants. Sometimes researchers do not take 
the time to find out policies of the journals for production 
of figures; sometimes they cut corners or “polish” their data 
to make it look cleaner; sometimes they just make stuff up.

Reviewers are overwhelmed with requests from 
increasingly more online, open access and web-based 
journals. They often feel they do not have the time or do not 
see the need to read a journal’s reviewer guidelines. Even if 
they are up-to-date with scientific technology, they might 
not be familiar with newer image processing software. They 
might simply be too trusting, or biased, or they might pay 
more attention to the names and affiliations of the authors 
than to the scientific content of the manuscript.

Journal editors face a constantly changing landscape 
from open access journals, web-based publishing, new 
technologies, and pressure to maintain impact factors. 
However, although they bear the ultimate responsibility 
for the content and quality of the papers in their journals, 
editors do not have direct access to the raw data, since it is 
the authors who produce the content.

Outline of the problem
According to John Ioannidis, more than 50% of the research 
findings have proven to be false.1 Although Ioannidis was 
mainly referring to problems with study design, statistics 
and bias, erroneous conclusions can also be inadvertently 
caused through incompetence, and intentionally, through 
deliberate falsification or fabrication of data.

The assumption that 50% of the results from academic 
labs identifying drug targets could not be reproduced was 
found by researchers from Bayer to be an underestimate. 
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When they repeated experiments in 67 projects, they could 
only confirm the findings in 14 of them.2,3 

It is very easy to find published images that are of 
insufficient resolution; images where the contrast is changed 
to highlight some parts of an image, but to hide blemishes; 
images that are cropped to only show a single band; and 
figures that are composed of parts of different images 
that have been cut and pasted together. For examples of 
illegitimate image manipulation, see Rossner and Yamada.4

From the examples above, it is clear that many errors 
enter the scientific literature, and once published, correcting 
them can be a slow and difficult process. 

Editors can help protect the integrity of the scientific 
literature using a combined approach of prevention (setting 
clear standards and guidelines), enforcement (monitoring 
compliance, demanding corrections), and action by 
responding rigorously when concerns are raised, publishing 
corrections, and retracting papers.

Prevention: setting standards & providing 
guidelines
Although the standards for presentation of images and 
figures are set by the relevant research community – 
and these will vary from one field to another – editors 
can improve peer review by developing standards and 
publishing guidelines for authors and reviewers.

In developing these standards, a journal could adopt 
those from another journal in the same or closely related 
field, or develop them in consultation with researchers 
who work in that particular field. The guidelines should be 
easy to find on the journal’s website, and ideally authors 
submitting papers and reviewers downloading manuscripts 
should only be able to do so after they have checked a box 
indicating they have read them.

See, for example, the guidelines from The Journal of Cell 
Biology regarding images:

“Image presentation:

… all figures from manuscripts that have received an 
editorial acceptance will be screened for any evidence 
of manipulation. As you prepare your figures, please 
adhere to the following guidelines to accurately present 
your data:

No specific feature within an image may be enhanced, 
obscured, moved, removed, or introduced.

The grouping of images from different parts of the same 

gel, or from different gels, fields, or exposures must be 
made explicit by the arrangement of the figure (i.e., 
using dividing lines) and in the text of the figure legend. 
If dividing lines are not included, they will be added 
by our production department, and this may result in 
production delays.

Adjustments of brightness, contrast, or color balance 
are acceptable if they are applied to every pixel in the 
image, and as long as they do not obscure, eliminate, or 
misrepresent any information present in the original, 
including the background. Non-linear adjustments (e.g., 
changes to gamma settings) must be disclosed in the 
figure legend.” (From http://jcb.rupress.org/site/misc/
ifora.xhtml)

Authors should be encouraged to show whole gels, not 
just individual bands. If it is necessary to crop or reduce 
the size of images, this is best done after, not before, the 
reviewers have considered the manuscript.

The author guidelines should state that one of the 
conditions for submission is that full sized, high resolution 
files must be provided to the editors upon request, either 
before or after a paper is published.

Although the peer review process provides a good deal 
of quality control, editors who think reviewers will catch all 
the image problems are deluding themselves. Editors and 
publishers must put additional measures in place to help 
ensure high-quality standards for images.

Enforcement: screening to monitor compliance 
Unless images are screened after the reviewers have accepted 
a paper, editors will not know if authors are complying 
with their guidelines, or if reviewers are detecting all 
the problems before they are notified by readers at post-
publication; but then it is too late. By putting quality control 
processes in place after review, but prior to publication, it 
is possible to detect many more problems before they are 
taken up in the literature.

Under Mike Rossner, currently Managing Editor of 
Rockefeller University Press (RUP), the Journal of Cell 
Biology has established screening mechanisms to check 
every figure in all papers approved by the reviewers for 
publication. Rossner found that 25% of papers approved by 
the reviewers and accepted by the Journal of Cell Biology 
need to have at least one figure redone, and that 1% of the 
papers have images modified in a way serious enough to fit 
the definition of scientific misconduct. 

Screening images is an acquired skill, best carried out 
by those familiar with the field and the techniques used 
to generate the data. General image processing software 
(such as Photoshop), or dedicated software, can be helpful 
in revealing details that are otherwise invisible; however, 
no software is sophisticated or thorough enough to allow 
the process to be automated. Where there is doubt, the 
authors should be asked to provide primary data files or 
high-resolution scans of the entire original images.

Common problems
Issues that commonly arise even after the referees have 
approved the final version of the manuscript include:

Inadequate resolution. Typically, 300 dpi is an acceptable 
resolution, but even if this is stated in the author guidelines, 
and the submitted images are nominally of this resolution, 
information may be lost when images are compressed or 
formatted when composing the figure. If pixilation or jpeg 
image artefacts can be seen on a computer screen in a figure 
of publishable size, the authors should be asked to redo it at 
higher resolution.

Invisible background. Sometimes authors alter the 
contrast levels to “clean up” the image, or hide the joins 
between separate images. Where the background is 
invisible, the authors should be asked to redo the figure.

Background uniformity. If the pixels in the background 
of gels and blots all have exactly the same intensity, it is 
likely that the background was computer-generated as a 
grey box.

Contrast too high. Images with no visible background, 
and bands all of the same intensity may indicate an 
excessively increased contrast.

Amount of gel shown. Blots should not be cropped to 
show just a single band or set of bands. If images must be 
cropped due to space constraints, this is better done after 
the referees have seen the larger images.

Cut-off bands. Images should not be cropped to obscure 
a feature. If part of a band is apparent on the margins of 
an image, the figure should be redone with wider margins. 

Discontinuities. Sudden, linear changes in pixel intensity 
should not ordinarily occur, and may indicate where 
separate images have been spliced and joined together.

Image duplications. Duplicate images might be due 
to accidentally inserting the wrong image file. Duplicate 
images that are rotated or mirrored are more likely to 
indicate that the duplications were deliberate. In either 
case, the figure must be redone.

Borders in the right places. Borders drawn around images 
should be checked to see that they correspond with the 
edges of the images.

Labelled molecular mass and magnification. Blots and 
gels should be checked to see that molecular mass is 
marked, and micrographs should be checked to see if the 
magnification or a scale bar is shown. 

Loading controls. Where loading controls are shown, 
they should be consistent with the other parts of the figure. 
Unusual spacing of the lanes, or inconsistent shape of the 
bands might indicate that the loading controls did not 
originate in the same blot. If in doubt, ask the authors to 
provide uncropped images of the experimental and loading 
control blots.

Error bars described. Error bars shown in the figure 
must be described in the figure legend. N, the number 
of independent results, must also be described. Statistics 
should only be shown for independent results, and never for 
replicates that do not address the experimental hypothesis.
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Taking remedial action: publishing corrections and 
managing possible misconduct
Editors can be alerted to questionable images, either during 
the review process or after publication. In doing this, it is 
first necessary to determine whether there is indeed a 
problem with the image, or is there a simple explanation 
(such as a scratch on a scanner, or an artefact from software 
compression). In most cases, this will require inspection of 
the primary files used to generate the image. 

Editors can request authors to send copies of the primary 
data files. This is very easy to do; furthermore, compliance 
will be greater if the authors have already agreed to comply 
with such requests as a condition of manuscript submission. 

If the authors refuse to provide the original files, 
the manuscript should be rejected or withdrawn. Once 
supplied, the files should be compared with the assembled 
figures to see if they match. Often, it will be possible after 
inspecting the original files – in cooperation with the 
authors – to dismiss the concerns, replace the images prior 
to publication, or publish corrected figures. When images 
have been manipulated inappropriately, that is, not in 
accordance with the instructions to the authors nor in a 
way that affects interpretation of the data, authors can be 
asked to redo the figures.

If concerns are not resolved, the images will have been 
altered in a way that affects the data interpretation. Or if 
deliberate image falsification or fabrication is suspected, 
it may be necessary for the editors to contact those 
responsible for cases of possible scientific misconduct at 
the host institution (See Chapter 5.1 on dealing with fraud).

It is primarily the host institution’s responsibility to 
carry out investigations to determine whether misconduct 
has occurred, who is responsible, and to set appropriate 
penalties. The key responsibility of the editors is to 
safeguard the integrity of the scientific literature. It is 
therefore essential that corrections are made, and that this 
is done as soon as possible, whether or not the errors were 
deliberate. It is important to publish corrections and link 
them so that those searching the literature will find the 
corrected papers, and not the originals.

If images have been deliberately fabricated or falsified, 
the paper must be retracted. In cases where the outcome of 
an investigation by a host institution is pending, or where 
there is uncertainty, editors can avoid delays by publishing 
an “editorial expression of concern”.

A retraction should be published at the request of 
the authors, or when an investigation determines that 
misconduct has occurred. When corrections are published, 
or papers retracted, a detailed explanation should be 
provided to the readers about why this action was taken.

The Committee on Publication Ethics (COPE)5 provides 
flowcharts that are designed to help editors manage cases 
of suspected misconduct. See also Retraction Watch for a 
discussion on how to handle retractions, along with many 
examples.6 
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The International Committee of Medical Journal Editors 
says that “A conflict of interest exists when an author (or 
the author’s institution), reviewer, or editor has financial or 
personal relationships with other persons or organizations 
that inappropriately influence (bias) his or her actions 
(such relationships are also known as dual commitments, 
competing interests, or competing loyalties)”.1 One can 
distinguish between conflicts of interest (COIs) arising 
from (a) financial interests; (b) performing conflicting 
roles; and (c) bias arising from intellectual commitments 
and schools of thought. Sometimes two or more of these 
kinds of conflicts of interest overlap. This chapter focuses 
on financial COIs in biomedical research.

Conflicts in biomedical publications are part of conflicts 
of interest that affect universities, research, medical practice 
and public life.2,3 COIs can compromise the integrity of 
scientific research and publications and consequently 
undermine scientific knowledge and medical practice. 
Public trust in medical publications depends in part on 
how well COIs are handled during writing, peer review, 
and making editorial decisions.1

Sources of conflicts of interest and key actors
There are four key sources of conflicts of interest. 

Funding of clinical research
Clinical studies can be funded by commercial firms, private 
foundations, or government agencies. Research institutes 
and researchers depend on funding for their livelihood and 
so may perform studies to promote goals of funders in ways 
that compromise the neutrality of the research protocol and 
analysis. Today, the overwhelming share of clinical research 
is funded by commercial firms. Often, they fund clinical 
trials to convince regulatory authorities that their products 
are safe and effective and therefore merit governmental 
approval for marketing. They also fund clinical research to 
help promote products already on the market. Commercial 
firms therefore have an interest in results that portray their 
product positively. 

A systematic review of biomedical research in 2003 
concluded that “Financial relationships among industry, 
scientific investigators, and academic institutions are 
wide spread [and] … can influence biomedical research 
in important ways”.4 Research sponsored by for-profit 
companies tends to support the financial interests of those 
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companies in comparison to similar research funded by 
government or not-for-profit sources.5

Researcher conflicts 
Researchers may have financial ties to the firms whose 
products they test. They might own equity in the firms 
or patents for the products, or depend on these firms for 
consulting work. Investigator conflicts of interest can also 
arise from their compensation, for example, they may be paid 
a fee for each patient they enroll in a clinical trial and these 
payments may induce researchers to enroll patients who do 
not meet the criteria established in the research protocol. 

Physicians sometimes work both as clinicians who 
treat patients and as clinical researchers. Since the 
goals of medical treatment and research are different, 
performing these two roles simultaneously creates conflict. 
The physician may suggest to the patient that he or she 
participate in the research and lead the patient to believe 
that participation will help resolve their medical problem. 
These role conflicts can also involve financial conflicts due 
to the physician’s financial interest in the research.

Ownership and funding of scientific publications 
Medical journals may be owned by publishing companies, 
medical or professional organizations, or scientific societies. 
The owner’s interest in generating revenue or promoting a 
particular message can conflict with the journal’s editorial 
independence and independent evaluation of research. 
Journal owners can hire and dismiss the editor and may 
seek to influence editorial decisions to boost the aims and 
objectives of the organization. 

Medical journals also have COI when they depend on 
financial support from commercial interests that have a 
stake in the research findings. The journals can be owned 
by commercial interests or depend on commercial interests 
for income through advertising, purchase of reprints, 
funding of journal supplements, or grants.

Financial ties of journal editors and peer reviewers 
Journal editors can have financial interests that compromise 
their work. They may have ties with firms that could be 
affected by their journal’s publications. Their ties may result 
from investments or consulting and other contract work. 
For example, the Journal of Spinal Disorders & Techniques 
published many papers from studies supported by a medical 
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to promote transparency is to create a national non-profit 
organization that serves as a repository for disclosure of 
researcher financial interests.21  

Many organizations have ethical guidelines on research 
that include policies on conflicts of interest. In 2010, 
the 2nd World Conference on Research integrity issued 
the Singapore Statement for Research Integrity. Among 
other provisions, it states that “Researchers should 
disclose financial and other conflicts of interest that could 
compromise the trustworthiness of their work in research 
proposals, publications and public communications as well 
as in all review activities”.22  A group of representatives from 
industry editors and publishers has issued Guidelines on 
Good Publication Practices for articles communicating 
company-sponsored medical research.23  

Compliance and sanctions
Measures to preclude, manage or mitigate conflicts of 
interest will not be effective unless there are means to 
ensure compliance.  This is the weak link in current 
policies. A few journals say they will ban authors who 
failed to disclose COIs, and not accept papers submitted 
by these individuals (and their institutions). Few journals 
that discover non-disclosure of a COI by an individual go 
on to  report this information to the individual’s university 
or research institute. 
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device industry. The chief editor was engaged in research 
with this industry, receiving millions of dollars of royalties.6 

Journal editors may also have role conflicts if they work 
as editors part time and simultaneously work as directors 
of a research institute, as researchers, or as medical school 
professors. They may use their editorial authority to 
advance their financial and non-financial interests in their 
work outside the journal. 

Peer reviewers are typically not compensated for their 
work, and their names are usually not revealed to the 
authors whose manuscripts they evaluate. Reviewers might 
be competing or allied researchers who can promote their 
own careers and the operation of their employers by giving 
positive or negative evaluations. Peer reviewers may have 
financial ties (such as equity or stock options, or consulting 
arrangements) to firms that can be affected by the research 
they evaluate. Individuals who conduct peer reviews may 
obtain information that is not publicly available about a 
firm’s products. They may use that information to make 
investments even though doing so violates securities laws 
that prohibit stock trading based on insider information.7 

Coping with COIs
There are several options to preclude, mitigate or manage 
COIs.

Precluding COI
Many conflicts of interest arise because clinical research 
or journals depend on funding from sources that have an 
interest in promoting publications that favor their products. 
These conflicts can be precluded by finding alternative 
means to finance clinical research and medical journals. 
There have been proposals to publicly fund the clinical trials 
used by regulatory authorities to decide whether to approve 
the marketing of drug.8 Alternatively, others have proposed 
that pharmaceutical firms continue to fund studies used for 
deciding whether to allow marketing of drugs but to require 
that regulatory authorities choose the researchers who 
would design the clinical trials and conduct the research.9 
These reforms are conceptually simple but politically 
difficult, because they would require major changes in 
current financial and institutional arrangements. 

It is possible to preclude conflicts of interest in medical 
journal editorial decisions by financing medical journals 
without funds from commercial interests or other interested 
actors. The medical journal La Revue Prescrire, for example, 
does not accept any advertising or grants (http://english.
prescrire.org/en/82/172/0/0/About.aspx). Medical journals 
and publishers can adopt policies that prohibit editors from 
having any financial ties that could bias their work.

Managing COI

Recusal
Medical journals and publishers can adopt policies 
that prohibit editors or reviewers from participating in 
decisions if they have any financial ties that could bias 
their work. From 1996-2002 the NEJM obtained editorials 
and reviewed papers only from authors without financial 

COIs to firms producing drugs or devices discussed.10 
It abandoned this policy on the grounds that it was too 
difficult to obtain qualified experts. Under the new policy, 
NEJM allows individuals with financial ties below a 
designated threshold to write these reviews.

Government agencies, funders and other parties can bar 
individuals from participating in research when they have 
financial ties that could affect their work.

Oversight
Authorities can allow individual researchers or reviewers 
with conflicts of interest to participate in work but subject 
their work to peer review, or to supplement their work with 
additional assessments from actors who do not have a COI. 

Disclosure
Journals can require that authors and reviewers disclose 
their financial ties or other conflicts to alert editors and 
readers of potential bias. Disclosure does not eliminate the 
potential source of bias, and may lead readers to mistakenly 
believe they can counter potential bias. Consequently, some 
writers suggest disclosure has limited value.3,11,12 However, 
disclosure may allow the public to more carefully scrutinize 
the articles. One study suggests that when publications 
disclose that research was funded by a firm with a financial 
interest in the product studied, physician readers were 
more skeptical about the study’s validity.13 

Medical journals now typically require that authors 
disclose their financial ties but other journal policies vary 
in what they say authors must disclose. Furthermore, 
many journal policies lack clear definitions of COI or 
information on how they will manage conflicts of interest 
in reviewing manuscripts. Even when policies are clear, 
often authors are not well informed about what they must 
disclose. Most important, journals do not have a means to 
monitor compliance with their disclosure policies. A study 
of articles promoting drugs for unapproved uses revealed 
that only 15% of authors adequately disclosed their COI.14 

Numerous other studies also reveal poor compliance with 
journal disclosure policies.15-17

Policies for disclosure of editors’ and reviewers’ COIs are 
much less developed than those for COIs of authors and 
often these policies are not public.18 In the United States 
and many other countries, universities have institutional 
review boards to oversee clinical research ethics. However, 
a survey of Institutional Review Board (IRB) policies 
showed that a high proportion did not require that voting 
IRB members disclose financial ties to industry.19 

To help journal editors and authors, the ICMJE 
developed a standard disclosure form and a glossary of 
terms.20 A sample disclosure form helps authors to fill in 
and electronically store their own disclosure of potential 
conflicts of interest (http://www.icmje.org/sample_
disclosure.pdf).  Currently, there is no similar form for 
earth science journals. However, in the USA, the National 
Academy of Sciences, Institute of Medicine, has published 
a paper on harmonizing reporting on potential conflicts 
of interest so that in the future, there may be a standard 
disclosure form for research in the life sciences. One option 
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Very few areas of scientific research, except perhaps 
theoretical mathematics, are completely unconnected to 
commercial business or possible commercial applications. 
Scientific publications may, therefore, not only be of 
considerable interest to companies but may directly 
influence their profitability. The most obvious example 
is the pharmaceutical industry, which relies heavily on 
research findings published in peer reviewed medical 
journals to support the marketing of its products. However, 
other industrial sectors are affected by the application 
of scientific research, such as agriculture, engineering, 
material science, and transport. Even closer to home, many 
journals are produced by commercial publishers and even 
those owned by academic societies may be expected to 
produce a healthy income for the society, so they are by no 
means immune from commercial pressures.

An important tenet of academic publishing is that 
decisions about what to publish are not influenced by 
commercial considerations. This is clearly set out in the 
report, Responsible Research Publication: International 
Standards for Editors, which states: ‘Editors should 
make decisions on academic merit alone and take full 
responsibility for their decisions. Processes must be in 
place to separate commercial activities within a journal 
from editorial processes and decisions.’1 Similarly, the 
World Association of Medical Editors (WAME) states: 
‘Editorial decisions should be based mainly on the validity 
of the work and its importance to readers, not the policies 
or commercial success of the owner. Editors should be free 
to publish critical but responsible views about all aspects 
of medicine without fear of retribution, even if these views 
might conflict with the policies or commercial goals of 
the owner.’2 The WAME policy statement goes on to note 
that ‘Editors-in-chief should establish procedures that 
guard against the influence of commercial, organizational, 
and personal self-interest on editorial decisions and 
should make these procedures clear and transparent to all 
interested parties’. Editors should therefore have a written 
contract establishing their relationship with the journal 
owner/publisher, establishing the principles of editorial 
independence, and mechanisms for managing disputes.

Conflicts of interest
Editors need to consider the conflicts of interest that might 
affect them and their editorial staff as well as those that 
might affect journal authors and reviewers. Journals should 
have policies on disclosing conflicts of interest. See Chapter 
5.3 for more detail.

In addition to conflicts of interest policies, some journals 
now have a transparency policy. The BMJ states that the 
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aim of their transparency policy is ‘to ensure that readers, 
authors, and editors know as much about the background 
to each other’s work as possible’.3 For example, the journal 
asks for information about the provenance of articles, such 
as who prompted the submission, as well as any payments 
that the author may have received.

Concerns about the role of pharmaceutical companies 
in research and publications and the involvement of 
professional medical writers, paid by drug companies, have 
led to the development of specific guidelines. These include 
Good Publication Practice (GPP2) for communicating 
company sponsored medical research (first published 
in 2003 and revised in 2009) and the European Medical 
Writers Association guidelines on the role of medical 
writers in developing peer reviewed publications (produced 
in 2005).4,5 Many medical journals cite these guidelines in 
their instructions to authors and this is a good idea for 
journals that publish pharmaceutical industry-sponsored 
research.

Sources of journal revenue
The potential for commercial pressure or editorial bias 
to arise from any source of journal revenue should be 
carefully considered. The relative importance of such 
sources will obviously vary between journals, depending 
on their funding model. In some cases, it may be possible to 
separate commercial and editorial functions of the journal, 
for example, by handling advertising in an independent 
department or by blinding editors to whether authors 
have requested a waiver of the article processing charge. 
However, other influences may be difficult or impossible to 
avoid.

Reprints
If a journal makes money by selling article reprints, for 
example, to drug companies, editors will always be aware 
of the type of articles that companies are likely to buy (that 
is, those favouring their products or reporting their own 
studies). This makes the conflict of interest particularly 
hard to manage (since editors cannot be blinded to the 
commercial potential of submissions). A study of major 
medical journals revealed that reprint sales contributed 
up to 41% of total income and that publication of 
pharmaceutically sponsored clinical trials increased the 
journals’ impact factor. The authors proposed that journals 
should disclose financial information ‘so that readers can 
assess the potential effect of different types of papers on 
journals’ revenue and impact’.6

Advertising
Advertising by pharmaceutical companies is regulated in 
most countries, either directly by government agencies 
(as in the USA) or indirectly via a self-policing or 
complaints procedure (as in the UK). Many medical 
journal editors therefore do not attempt any further review 
of advertisements. However, some journals do review 
advertisements for taste and decency. In countries where 
effective regulation of advertising exists it would seem an 
unnecessary duplication of effort (and considerable work) 
for editors to review advertising routinely and thoroughly 
(for example, checking the validity of claims). However, 
editors should try to ensure that advertising is clearly 
distinguished from other content and it may be helpful to 
publish the journal’s policy on its website.

Sponsored supplements
Some journals permit commercial companies (for example, 
drug and medical device manufacturers) to support the 
production of supplementary editions of the journal. The 
sponsor usually chooses the topic of the supplement and, 
in some cases, may also nominate authors and contribute 
papers to it. In some cases, the supplement reports the 
proceedings of a meeting which may have been organized 
by the sponsor. The influence of companies over both the 
content and the funding of supplements has been a cause 
for concern. In 1992, Bero et al. showed that the quality of 
articles appearing in supplements was lower than that in the 
parent journals.7 More recently, in 2009, the US Food and 
Drug Administration tightened its rules on the distribution 
of reprints by drug and device companies effectively 
preventing the distribution of sponsored supplements in the 
USA.8 The biomedical bibliographic database, MEDLINE, 
has not indexed sponsored supplements since 2007.9 

Journal editors should have clear policies about 
sponsored supplements and should ensure that items in 
supplements are reviewed as stringently as those in the 
main journal. The only legitimate difference in selection 
criteria is on the grounds of interest to readers. Funding 
the production gives the sponsor the right to choose the 
subject of the supplement, which might interest only a 
minority of subscribers, but sponsorship should not imply 
a lowering of standards.

Key points
Editors should always be alert to the possibility of 
commercial concerns affecting editorial decisions and 
should have policies in place to minimize this. Failure to 
do this may result in loss of trust if readers or authors lose 
faith in the objectivity of editorial decisions or consider 
that conflicts of interest are not properly disclosed.
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Plagiarism is a serious form of academic misconduct. 
How much advice and feedback an editor can provide to 
authors regarding plagiarism, text re-use and accurate 
citation depends on the resources available and on whether 
the editor views his or her role as a mentor and educator 
or simply as a decision-maker and executor of editorial 
disposition or the publisher’s instructions. This chapter is a 
brief summary of the information available about academic 
plagiarism; more complete overviews of publishers’ policies 
and sources of guidance for researchers, editors and 
publishers should also be consulted.1,2

Why has plagiarism become more common? 
Researchers are under increasing pressure to demonstrate 
their productivity by publishing if they wish to obtain 
professional promotion or funding. Digital media now 
make it easy to copy material from other sources. Until 
relatively recently, journals in most disciplines lacked the 
resources to screen manuscripts for content that had been 
published previously. Institutional responses to evidence 
of plagiarism by employees have been inconsistent and 
generally weak. 

Although it is the editor’s duty to correct the record 
when plagiarism is confirmed, some have been unable or 
unwilling to take the necessary steps. Efforts to remedy the 
problems that plagiarism creates can be ineffective if editors 
or publishers fail to take appropriate action. Salutary cases 
have been reported in business research3,4 and climate 
research.5 Some editors in clinical medicine and ethics 
have encountered editorial conflicts of interest and other 
challenges when they attempted to correct misinformation 
resulting from plagiarism.6

Factors associated with plagiarism
A 2012 study found evidence that retractions for plagiarism 
were relatively more frequent among articles from a 
country that is an emerging producer of research, whereas 
retractions for fraud were relatively more frequent among 
articles from a ‘scientific superpower’ country.7,8 A study of 
213 retracted articles in the health sciences and biomedicine 
found an association between retraction for plagiarism and 
(i) affiliation of the first author with a low-income country, 
(ii) first author’s national language other than English, (iii) 
article type other than original research article, and (iv) 
‘low-ranked’ journal.9 This finding suggests that pressure 
to publish as many articles as possible may be a stronger 
motivation to cheat at the publication game in countries 
where research output is increasing rapidly, whereas 
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researchers in countries with a strong history of research 
productivity may be more motivated to cheat by pressures 
to publish preferentially in high-impact journals. However, 
these early studies involved journals only in biomedicine 
and life sciences and should not be assumed to mean that 
an author’s country of origin is a predictor of the likelihood 
of plagiarism. Articles retracted for plagiarism have been 
published by both native- and non-native users of English 
as the lead or corresponding author and by people working 
in both developed and developing countries.10 

Definitions of plagiarism
Scholarly disciplines differ somewhat regarding acceptable 
or legitimate text re-use and situations in which a reference 
is considered necessary. This means that there is no single set 
of objective criteria to define plagiarism nor any percentage 
cut-off value for the amount of unacceptable text re-use 
that can be applied in all disciplines. Nonetheless, there 
is general agreement that plagiarism involves the writer’s 
failure to alert readers that the words (when technical 
language is used) or ideas (when theoretical or conceptual 
language is used) are not the writer’s own original work but 
are taken from a previous source (Table 1). 

Some definitions include the intent to deceive the readers 
about the source of the words or ideas. This part of the 
definition recognizes that many researchers have not been 
well trained in good citation practices and that international 
researchers may not be aware that, in the Anglo-Saxon 
scholarly culture, inadequate citation is viewed as a form of 
intellectual theft and is therefore a serious form of research 
misconduct. Researchers everywhere know that intellectual 
theft is wrong, but some may not have acquired the writing 
and citing skills needed to meet the expectations of journal 
editors for complete, appropriate attribution of sources.11-13 

The word plagiarism implies a judgement about a writer’s 
behaviour, so, unless there is evidence that the writer 
intentionally failed to cite his or her source(s) or knowingly 
attempted to steal credit, it is better to avoid using this word 
to label an author’s behaviour. In science, unlike literature, 
the ‘essence of the novelty’ is in the content rather than the 
precise wording, so copying words does not necessarily 
mean copying ideas.14,15 Many researchers work in settings 
that tolerate or even encourage cheating and may not 
have had access to training about editors’ or publishers’ 
expectations for careful documentation and citation of 
sources. Moreover, cultural and disciplinary differences in 
acceptable citation practices may confuse researchers who 
are learning how to publish successfully. What may look at 

first like ‘plagiarism’ may be the result of honest error, and 
editors should take this into account when deciding how 
to respond. 

Types of plagiarism 
Phenomena commonly labelled ‘plagiarism’ can be 
classified according to the signs and symptoms in the text 
(duplication or overlap, presence or absence of references 
and quotations marks), the writer’s intention, and the 
reasons that led the writer to re-use material from earlier 
sources (Table 2). 

If the authors of the original language version are 
also the translators, they may assume that readers of the 
translation will have no interest in the original language 
version since they cannot understand it. Nonetheless, as a 
form of secondary publication, translation requires a full 
reference to the original (primary) language version, at 
least according to guidelines used in health research.21 

The frequency of plagiarism within or across languages is 
unknown, but many suspect that it is much more common 
than assumed. A few multinational research groups 
have explored the use of software to detect multilingual 
text duplication,20,22 but many technical challenges have 
yet to be overcome. Meanwhile, detecting plagiarism in 
different languages and in languages other than English 
is problematic. The VroniPlag Wiki uses a novel graphic 
display to illustrate the extent of plagiarism in doctoral theses 
written in German.23 This crowd-sourced tool has led to the 
rescission of some doctoral degrees. Additional resources are 
clearly needed to help editors and publishers detect content 
duplication and possible plagiarism in languages other than 
English. 

Detecting text duplication 
‘Plagiarism detection software’ or ‘anti-plagiarism 
programs’ (Table 3) should more properly be called ‘text 
duplication detection’ software. The software identifies 
matching strings of characters in different documents 
(‘matching text’, ‘matching language’, etc),24 matching 
patterns of citation, or stylistic characteristics.25 However, 
the matches are not in themselves proof that the author’s 
intention was to deceive readers; manual verification and 
further investigation are needed to determine the cause.26,27

Some products are available as freeware, but others are 
commercial products. Publishers and editors should work 
together to choose the software that suits their needs, 
performance criteria, and budget (purchase or licensing, 
staff training, and continuity of service). The effectiveness 
of different types of programs depends on the type of 
duplication they are designed to detect.25 Some products 
have been compared in terms of technical and economic 
criteria:28 journals should test the performance of different 
products with their own manuscript management system.29 

Limitations of software 
Writing practices other than plagiarism with the intent to 
steal credit can lead software to identify matches between 
two or more texts.30 Editors and publishers should consider 
carefully whether these acts constitute misconduct. 

1. Legitimate re-use of (i) material considered to set the 
scene or frame an issue, particularly in the introductory 
or background sections of an article; (ii) highly 
technical material that is most accurately reported 
without paraphrasing or rewriting, particularly in the 
methods section;31 and (iii) definitions of complex 
concepts, which can cause confusion if the original 
author’s words are paraphrased or rewritten in a way 
that changes the original meaning. In all cases, editors 
should ask the authors to add relevant references if 
they are missing and to use quotation marks as needed.

2. Copy-and-paste writing (patch-writing, mosaic 
writing) to speed the writing process. 

3. Copy-and-paste writing to avoid rejection because of 
‘poor English’. 

4. Re-use of text published previously by the same 
authors, who may choose not to cite their own previous 
publications in the belief that a certain amount of ‘self-
plagiarism’ is acceptable and appropriate. 

5. Re-use of parts of text without reference to earlier 
publications in the belief that no reference is needed if 
no original ideas are reported.14 

6. Re-use of background information (boilerplate text 
used as a conventional, convenient summary) without 
a reference in the belief that the information has 
become common knowledge and no longer needs to 
be attributed to a source. Expert reviewers and editors 
should provide guidance on what readers may accept as 
‘common knowledge’ and whether a reference is needed. 

Responding to plagiarism
Plagiarism may necessitate formal retraction of a published 
article. A report in 2011 on the reasons why articles were 
retracted from journals indexed by the Web of Science 
found that plagiarism was a more frequent reason than 
fabrication or falsification but a less frequent reason than 
honest error, self-plagiarism, or other reason.32 A survey 
of 95 editors of high-impact clinical medical journals on 
the frequencies of publication ethics issues found that 
plagiarism was the fifth most frequent issue after problems 
with editorial decisions, reviewer and author conflicts of 
interest, and authorship issues.33 A study of 2047 retracted 
biomedical and life-science articles found that plagiarism 
was a less frequent cause of retraction than fraud, error, 
duplication, and other reasons.7

Although the policies of publishers and institutions 
differ, the aims of retraction as a response to plagiarism 
include (i) correcting the scientific record with regard 
the authorship of words, ideas, and priority; (ii) avoiding 
legal issues related to possible copyright violation; and (iii) 
making authors and their employers aware that plagiarism 
is an unacceptable practice. 

Other possible responses to plagiarism (Table 2) depend 
on whether the editor or publisher believes intentional 
misconduct or honest error has occurred and on whether 
suspicions arise before or after the material has been 
reviewed or published. The COPE flowcharts34 can help 
editors investigate suspected plagiarism and decide, as 
efficiently and transparently as possible, what action to take. 
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In many cases, the institutional response has been weak, 
even when plagiarism has been clearly documented. Editors 
who bring plagiarism and other types of misconduct 
to the attention of researchers’ institutions in the hope 
that remedial action will be taken should be prepared 
for frustration and disappointment as well as occasional 
appreciation from academic authorities.

Efforts to reduce the frequency of plagiarism will require 
better training in acceptable writing and citation practices 
and better education about readers’ expectations for the 
accurate attribution of sources.17,31 Institutions should 
ensure that national and international research group 
members avoid writing practices that may trigger suspicion 
of plagiarism11-13 and should develop and promote codes of 
professional conduct.

Recommendations
Editors and publishers should: 
1. Provide guidance about the journal’s expectations for 

originality and authorship. Explain how the journal 
will proceed if plagiarism is suspected or documented. 

2. Develop and publish procedures for responding to 
possible plagiarism. 

3. Encourage peer reviewers to be alert for signs of 
duplication of data, images, words, or ideas, and to flag 
information that requires a reference. 

4. Consult the COPE resource How should editors 
respond to plagiarism?35 and the plagiarism guidelines 
developed by Miguel Roig.31 

5. Use the COPE flowcharts34 to investigate possible 
plagiarism in submitted manuscripts or published 
articles, or follow guidance provided by the code of 
conduct of the appropriate professional or academic 
association. 

Authors and researchers should: 
1. Follow institutional guidelines regarding research and 

publication ethics. 
2. Follow the journal’s guidance by checking its 

instructions or guidelines and searching its website for 
information about the journal’s or publisher’s policies. 

3. Ensure that all co-authors understand and comply with 
the journal’s policies for originality and appropriate 
attribution of sources.
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Table 1. Some definitions of plagiarism

Definition Source
‘In an instructional setting, plagiarism occurs when a writer 
deliberately uses someone else’s language, ideas, or other original 
(not common-knowledge) material without acknowledging its 
source.’

Defining and Avoiding Plagiarism: The WPA Statement on Best 
Practices http://wpacouncil.org/node/9 

‘Plagiarism is the appropriation of another person’s ideas, 
processes, results, or words without giving appropriate credit.’ (p. 
21)

Steneck N.H. ORI (Office of Research Integrity) Introduction 
to the Responsible Conduct of Research. Washington DC: US 
Government Printing Office, 2006. http://ori.dhhs.gov/education/
products/RCRintro/ (accessed 9 August 2013)

‘Plagiarism is a form of piracy that involves the unauthorized 
use or close imitation of the language (figures images or tables) 
and thoughts of others and the representation of them as one’s 
own original work without permission or acknowledgment by 
the author of the source of these materials. Plagiarism generally 
involves the use of materials from others, but can apply to 
researchers’ duplication of their own previously published 
reports without acknowledgment […]’.

Council of Science Editors. CSE’s White Paper on Promoting 
Integrity in Scientific Journal Publications, 2012 Update. www.
councilscienceeditors.org/i4a/pages/index. cfm?pageid=3331

‘Plagiarism is the use of others’ published and unpublished ideas 
or words (or other intellectual property) without attribution 
or permission, and presenting them as new and original rather 
than derived from an existing source. The intent and effect of 
plagiarism is to mislead the reader as to the contributions of the 
plagiarizer.’ 

World Association of Medical Editors. Publication ethics 
policies for medical journals. www.wame.org/resources/
publication-ethics-policies-for-medical-journals#plagiarism 

‘plagiarism has been traditionally defined as the taking of words, 
images, ideas, etc. from an author and presenting them as one’s 
own’

Roig M. Avoiding Plagiarism, Self-plagiarism, and Other 
Questionable Writing Practices: A Guide to Ethical Writing. 
Washington DC: Office of Research Integrity, US Department of 
Health and Human Services. 
http://ori.hhs.gov/education/products/roig_st_johns/
Plagiarism%20of%20ideas.html 

‘taking over the ideas, methods, or written words of another, 
without acknowledgment and with the intention that they be 
taken as the work of the deceiver.’ 

American Association of University Professors. Statement on 
Plagiarism. 1990 http://ori.hhs.gov/avoiding-plagiarism-self-
plagiarism-and-other-questionablewriting-practices-guide-
ethical-writing
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‘Plagiarism is the presentation of the documented work of 
another person as one’s own, without attribution appropriate for 
the medium of presentation.’

Association for Information Systems. Code of Research Conduct
http://home.aisnet.org/displaycommon.cfm?an=1&subarticlenbr
=857#attachment1 

See also definitions from the Modern Language Association 
Handbook, the American Psychological Association Publication 
Manual and the St Martin’s Handbook.

University of Minnesota, Center for Writing. Plagiarism 
definitions. http://home.aisnet.org/displaycommon.
cfm?an=1&subarticlenbr=15 (accessed 9 August 2013)

Table 2. Characteristics that may be related to different types of plagiarism16-20

Type of plagiarism Reference included Intent to deceive Detectable by careful 
peer review

Responsea 

Intellectual theft No Probably Yes Retraction
Copying data or imagesb No Probably Yes Retraction
Intellectual sloth No Maybe not Yes Depends on 

journal’s policy
Copy-and-paste for speed or 
convenience

Maybe Maybe not Yes Correction

Copy-and-paste for better 
scientific Englishc

Maybe Maybe not Yes Correction

Technical plagiarism Yes, but no inverted 
commas

Maybe not Yes Correction

Self-plagiarism Maybe Maybe not Yes Correction
Paraphrasing Maybe Maybe not Maybe Correction
Translation plagiarismd Maybe Maybe not No, unless the reviewer is 

fluent in both languages
Depends on 
journal’s policy

a Copyright violation may require a retraction, regardless of the reasons for text duplication.
b Because of the likelihood that subject experts will recognize the duplication during peer review or soon after publication, this type of plagiarism is 
probably less frequent than attempts to steal credit for words or ideas. 
c The resulting text can nonetheless be hard to understand because of inconsistencies in voice, register, and logical flow, even if there are no grammatical 
or syntactical errors.16-18 
d  Translation plagiarism19 or cross-language plagiarism20 can be difficult to prove because language skills are needed and because the second language 
version may contain paraphrasing in addition to translation. With increasing globalization and international collaboration, the likelihood of (in fact, the 
need for) publication in more than one language may be increasing. 

Table 3. Partial list of software products used to detect text duplication or overlap 

Name of product Website Main application
iThenticate www.ithenticate.com Research publication (‘plagiarism and attribution’)
Turnitin http://turnitin.com/en_us/products/overview Student writing (measures ‘originality’ of manuscripts; 

intended to discourage plagiarism)
CrossCheck 
(based on 
iThenticate)

www.crossref.org/crosscheck/index.html Research publication (identifies matching text between 
manuscripts and published material)

eTBLAST http://etest.vbi.vt.edu/etblast3/ Research publication (text similarity-based search engine 
covering several bibliographic databases)

Déjà vu http://dejavu.vbi.vt.edu/dejavu/ Research publication (flags highly similar published articles 
as ‘citation pairs’)

PlagTracker www.plagtracker.com/ Intended to help authors identify overlap between their 
material and material in ‘internet pages and our databases’

Table 1 continued
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‘’Authors, editors and publishers all have ethical 
obligations with regard to the publication of the results 
of research. Authors have a duty to make publicly 
available the results of their research on human 
subjects and are accountable for the completeness 
and accuracy of their reports. They should adhere 
to accepted guidelines for ethical reporting. Negative 
and inconclusive as well as positive results should be 
published or otherwise made publicly available. Sources 
of funding, institutional affiliations and conflicts of 
interest should be declared in the publication. Reports 
of research not in accordance with the principles of this 
Declaration should not be accepted for publication.’’ 
Declaration of Helsinki - Ethical principles for medical 
research (www.wma.net/en/30publications/10policies/
b3/index.html)

Background
Substantial evidence continues to accumulate 
demonstrating serious deficiencies in the reporting of 
research studies. The health research literature has become 
the most scrutinised area due to the rapid expansion in the 
development of systematic reviews and the direct impact the 
results of such reviews can have on patients’ care. However, 
other fields, for example the veterinary sciences, are quickly 
catching up, indicating that reporting deficiencies may be 
a problem across the sciences. Box 1 highlights the key 
problems identified so far.1 Despite considerable resources 
invested in health research, it is clear that the usability and 
usefulness of research results are often severely limited 
as a result of poor reporting in the research publication. 
Enormous financial and human resources are consequently 
wasted.2 A coordinated effort on behalf of all parties 
involved in the different aspects of health related research 
is urgently needed to remedy the current unsustainable 
situation. Although ultimate responsibility for the design, 
conduct and accurate publication of studies lies with the 
researchers, journal editors play an important role in the 
dissemination of research findings and have the power to 
considerably improve the reporting quality of the research 
papers they publish. Some journals are already leading the 
way in this but all journals need to act in order to raise 
reporting quality across and within all clinical areas.

5.6: Reporting guidelines: a tool to increase completeness, 
transparency, and value of health research published in 
your journal
Iveta Simera
EQUATOR Network, Centre for Statistics in Medicine, Oxford, UK; iveta.simera@csm.ox.ac.uk

Box 1. Examples of common deficiencies identified in health 
research papers. (A list of selected references documenting 
the deficiencies is included in a commentary by Simera et 
al.1)

Non-reporting (or delayed reporting) of whole 
studies:
•	 Often studies with ‘disappointing’ results

Incomplete reporting: 
•	 Omission of crucial aspects of research 

methods (study participants, interventions, 
randomization in trials, etc.)

•	 Incomplete results: data cannot be included in 
meta-analysis

•	 Inadequate reporting of harms

Selective reporting: 
•	 Outcomes
•	 Analyses (e.g. subgroups, alternative analyses) 

Misleading reporting: 
•	 Misinterpretation of study findings “spin” 

(e.g. presenting study in more positive way; 
discrepancies between abstract and full text, 
etc.)

•	 Misrepresentation of study design (e.g. study 
claiming it is an RCT when it is not)

•	 Unacknowledged discrepancies between 
sources of information (publication conflicts 
with study protocol or information in the trial 
register)

This chapter introduces reporting guidelines, tools that 
have been developed to aid completeness and transparency 
of research papers; describes the EQUATOR Network and 
its online resources for good reporting of health research; 
and discusses the practical aspects of implementing the use 
of reporting guidelines within journals. 

Reporting guidelines
Reporting guidelines provide structured advice on 
what information needs to be included in a research 
article to allow readers to assess the study methodology, 
relevance, and validity of presented findings. The 
EQUATOR Network’s online Library for Health Research 
Reporting (www.equator-network.org) currently lists 
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The EQUATOR website features a dedicated section 
highlighting resources of most relevance to journal editors 
and peer reviewers. These resources support editors in 
setting up more rigorous policies on health research 
reporting within their journals, to improve the relevant 
parts of their instructions to authors and peer reviewers, 
and enable editors to learn from the experiences of other 
colleagues. 

Box 3 outlines steps journals might consider taking to 
help increase the accuracy and transparency of the health 
research studies they publish. Practical details are discussed 
below.

How to select reporting guidelines for your journal 
Recent years have seen a proliferation in the publication 
of new reporting guidelines motivated mainly by the 
insufficient quality of published reports. However, there 
are important differences in the scope, format and 
development methodologies of those guidelines. This 
creates a rather confusing situation for editors who need to 
know which guidelines exist and decide which to support 
and recommend to authors to follow. 

When selecting reporting guidelines for journal 
endorsement editors should consider their relevance to the 
types of articles published in their journal. Editors should 
also seek the following information from the reporting 
guideline papers to help them judge the robustness of 
its recommendations. Editors should ask the following 
questions:
1. Is the guideline development process sufficiently 

transparent to explain how the recommendations were 
decided upon? 

2. Did the guideline development involve systematic 
searching for the available evidence relating to the 
guideline recommendations? 

3. Was any consensus process used as part of the guideline 
development? 

4. Are the guideline recommendations presented in a 
clear way that is easy to follow and adhere to?

5. Has the guideline been evaluated or is there a plan to 
do so (does it have its intended effect)?

Relevant methodology focused guidelines (listed in Table 
1) should be the first ones considered for implementation 
and journal contributors should be clearly instructed to 
adhere to them. Specialty journals might also consider 
investigating if there are any specific guidelines focusing 
on their clinical area of interest. Many such guidelines 
were developed by professional societies (e.g. Society of 
Interventional Radiology or Utstein style guidelines for 
emergency medicine) and provide very useful specific 
guidance facilitating better comparison of results across 
studies. If all key journals publishing in a particular area 
harmonized their instructions on research reporting it 
might lead to the improvement in reporting of research 
in that area and prevent authors from re-submitting 
manuscripts of substandard reporting quality until they 
find a publishing outlet. 

What journals can do to improve the reporting 
quality of submitted manuscripts:

a) Incorporate an explicit philosophy of transparent, 
complete and accurate reporting and the use of 
reporting guidelines into your editorial policy.

b) Explore the available reporting guidelines on the 
EQUATOR website (www.equator-network.org); 
select well-developed guidelines appropriate for the 
reporting of research studies published in your journal.

c) Refer to selected guidelines in your “Instructions 
to Authors”, ask or instruct authors to adhere to these 
guidelines, and motivate their use.

d) Consider including a link to the EQUATOR website 
as the portal for up-to-date reporting guidelines and 
other related resources. This will ensure that your links 
to guidelines are current without additional effort for 
your journal. 

e) Publish editorials to widen awareness of the 
importance of good reporting and the use of reporting 
guidelines by authors and peer reviewers, and indicate 
that your editorial policies will be incorporating them. 

f) Consider strategies and actions to ensure (and verify) 
that authors realise and assume full responsibility for 
the reporting quality of their studies and adhere to 
reporting guidelines.

What journals can do to improve the peer review of 
submitted manuscripts:

a) Increase transparency of your peer review process by 
providing your instructions to peer reviewers openly 
on your website. Ideally instructions should be collated 
in one place, made available as a printable pdf and 
include the date of their last revision. Consider linking 
to these from your instructions to authors to give your 
authors an indication of how their manuscript will be 
evaluated.

b) Alert your peer reviewers to the importance of 
complete and accurate reporting and the availability 
of reporting guidelines. Provide or link to relevant 
guidelines/checklists and ask peer reviewers to use 
them during their manuscript assessment. This will 
make the review more systematic and helpful for 
authors in revising their manuscripts.

c) If you provide training for peer reviewers consider a 
module on reporting guidelines and how they can be 
used in manuscript assessment. 

d) Where provided, journals should link to resources 
for peer reviewers provided by their publishers.

Box 3. How to support accurate and transparent reporting 
of health research studies: recommendations for journal 
editors. (Based on Simera et al.4 and Hirst and Altman5)

over 200 reporting guidelines. Some of these are generic 
methodology guidelines for different types of study designs 
(e.g. randomized trials, systematic reviews, observational 
studies) that should always be observed when reporting 
this type of study. The primary focus of these guidelines is 
on the description of the study methods and corresponding 
advice on reporting the study findings. The content of each 
of these guidelines has been very carefully considered 
by multidisciplinary groups of relevant experts and 
stakeholders and there is a strong rationale for each 
item of requested information. Items range from ‘simple’ 
requests such as the identification of study design in the 
title or abstract (necessary for the electronic identification 
of studies) to items focusing on specific aspects that might 
introduce bias into the research (e.g. details about how 
participants were selected for inclusion into the study). 
Table 1 lists key generic methodology guidelines. The 
majority of the guidelines listed on the EQUATOR website, 
however, are more specific, providing guidance relevant to 
a particular medical area (e.g. reporting trials in leukaemia) 
or a particular aspect of research or research report (e.g. 
reporting of abstracts, adverse events, specific procedures, 
etc.). These guidelines should be ideally used in conjunction 
with the generic methodology focused guidelines.

Table 1. Key generic methodology guidelines

Name 
(guideline 
acronym)

Guidance for 
reporting 

Guideline website *

CONSORT** Randomized 
trials

http://www.consort-
statement.org/ 

STROBE** Observational 
studies

http://www.strobe-
statement.org/ 

STARD Diagnostic 
accuracy 
studies

http://www.stard-statement.
org/ 

CHEERS Economic 
evaluations

http://equator-network.org/

PRISMA** Systematic 
reviews and 
meta-analyses

http://www.prisma-
statement.org/ 

COREQ Qualitative 
research 

http://equator-network.org/ 

ENTREQ Synthesis of 
qualitative 
research 

http://equator-network.org/

SQUIRE Quality 
improvement 
studies

http://squire-statement.org/ 

* All guidelines mentioned in the table are also included on the 
EQUATOR website (http://www.equator-network.org). 

** A number of CONSORT, STROBE, and PRISMA extensions exist; 
these are all included on the EQUATOR website and the relevant 
website for the individual guidelines.

EQUATOR Network
The EQUATOR (Enhancing the QUAlity and Transparency 
Of health Research) Network was set up in 2008 to improve 
the reliability and usability of health research literature by 
facilitating transparent and complete reporting of research 
studies. The most important output of the EQUATOR 
Network is the comprehensive online collection of 
resources supporting responsible publication of research 
(the EQUATOR Library for Health Research Reporting). 
Box 2 outlines the current content of the Library. A full 
list of EQUATOR-listed reporting guidelines and other 
resources has been published3 and an updated version will 
be re-published later in 2013. A regularly updated list of 
all resources is also available as a printable pdf file on the 
EQUATOR website to allow easy browsing and identification 
of relevant resources. EQUATOR supports the use of these 
resources through various education and training events. 

Comprehensive collection of available reporting 
guidelines indexed by:
•	 Study type: 

m Experimental studies
m Observational studies
m Diagnostic accuracy studies
m Reliability and agreement studies 
m Systematic reviews
m Qualitative research
m Mixed methods studies
m Economic evaluations
m Quality improvement studies
m Other reporting guidelines

•	 Clinical area (where specific guidelines are 
available)

•	 Sections of research reports (e.g. guidance for 
abstracts, statistical methods, data, images, 
discussions)

Other resources include:
•	 Reporting guidelines under development
•	 Reporting guidelines in other research fields (e.g. 

animal or veterinary research)
•	 Guidance on scientific writing
•	 Research funders’ guidance on reporting 

requirements
•	 Industry sponsored research - additional guidance
•	 Research ethics, publication ethics and good 

practice guidelines
•	 Resources related to development and 

maintenance of reporting guidelines
•	 Examples of good research reporting 
Resources specifically useful for editors include:
•	 Guidance developed by editorial groups 
•	 Editorials introducing reporting guidelines
•	 Guidelines for peer reviewers
•	 Case studies: How journals implement reporting 

guidelines 

Box 2. EQUATOR Library for health research reporting. The 
EQUATOR Library currently contains the following resources.
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How and where to use reporting guidelines in your 
journal
Reporting guidelines are primarily aimed at researchers 
writing up their studies. However, they are also invaluable 
tools for peer reviewers, helping to systematically check the 
completeness of reporting. 

Clearly worded instructions to both authors and 
reviewers are important to set the expected level of 
adherence to these guidelines (e.g. “authors must follow the 
reporting guideline X”; or “we strongly recommend you 
follow reporting guideline X”, etc.). Ambiguous wording 
(e.g. “authors might find it useful to consult the reporting 
guideline X”) is unlikely to bring substantial results. Editors 
might consider asking authors to state in their methods 
section if they followed a reporting guideline, and if so 
which one. This gives readers an indication of thoroughness 
and at the same time the authors can be held responsible if 
their statement is not true.

Ensuring adherence to relevant guidelines can be difficult 
for editors. Invaluable help can be provided by reviewers 
who use the relevant checklist as part of their assessment, 
and highlight reporting shortcomings in a systematic way. 
Several journals have piloted various approaches to this 
in their journals and the EQUATOR website lists these as 
useful case studies.

Concluding remarks
Scholarly publishing of health research is currently 
undergoing a major transformation. Calls for open access 
to research findings, data sharing, and transparent and 
complete reporting are changing the nature of research 
publishing. Adopting and implementing rigorous policies 
on research reporting can hugely increase the value of 
a journal’s contribution to the advancement of health 
research and ultimately improve patient care and can very 
positively impact upon a journal’s reputation and business 
viability.
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Have they reflected that the sciences founded on 
observation can only be promoted by statistics?... If 
medicine had not neglected this instrument, this means 
of progress, it would possess a greater number of positive 
truths, and stand less liable to the accusation of being a 
science of unfixed principles, vague and conjectural.

Jean-Etienne Dominique Esquirol, an early French 
psychiatrist, quoted in The Lancet, 18381

Introduction
The first major study of the quality of statistical reporting 
in clinical journals was published in 19662. Since then, 
dozens of similar studies have been published, every one of 
which has found that large proportions of articles in these 
journals contain errors either in the application, analysis, 
interpretation, or reporting of statistics, or in the design or 
conduct of research. (See references 3–19 for examples.) 
Further, a large proportion of these errors is serious 
enough to call the authors’ conclusions into question.5,18,19 
The problem is made worse by the fact that many of these 
studies appear in the world’s leading peer-reviewed general 
medical and specialty journals.

Although errors have been found in more complex 
statistical procedures,20,21,22 paradoxically, many errors 
are in basic, not advanced, statistical methods.23 Perhaps 
advanced methods are suggested by consulting statisticians, 
who then competently perform the analyses, but many 
authors are far more likely to use only elementary statistical 
methods, if they use any at all, and may not apply these 
methods correctly.23-26 Yet articles with even major errors 
continue to pass editorial and peer review and be published 
in leading journals. 

The truth is that the problem of poor statistical reporting 
is long-standing, widespread, potentially serious, concerns 
mostly basic statistics, and yet is largely unsuspected by 
most readers of the biomedical literature.27

More than 30 years ago, O’Fallon and colleagues 
recommended that “standards governing the content and 
format of statistical aspects should be developed to guide 
authors in the preparation of manuscripts”.28 Despite the fact 
that this call has since been echoed by several others,17,18,29-32 
most journals have still not included in their instructions 
for authors more than a paragraph or two about reporting 
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statistical methods.33 However, given that many statistical 
errors concern basic statistics, a comprehensive – and 
comprehensible – set of reporting guidelines suitable for 
use by clinical journals might improve how statistical 
analyses are documented. 

In light of these concerns, we present here a set 
of statistical reporting guidelines suitable for clinical 
journals to include in their instructions for authors. These 
guidelines tell authors, journal editors, and reviewers how 
to report basic statistical methods and results. Although 
these guidelines are limited to the most common statistical 
analyses used in clinical research, they are nevertheless 
sufficient to prevent most of the reporting deficiencies 
routinely found in articles reporting this research. They 
may also help to prevent some reporting errors by focusing 
attention on key points in the analyses. 

The present guidelines were not developed by a 
formal consensus-building process, but they do draw 
considerably from published guidelines.27,32,34-37 In addition, 
a comprehensive review of the literature on statistical 
reporting errors in clinical journals reveals near universal 
agreement on how to report the most common methods.27

Statistical analyses are closely related to the design and 
activities of the research itself. However, our guidelines do 
not address the issues related to the design and conduct of 
clinical research. Instead, we refer readers to the EQUATOR 
Network website (www.equator-network.org, see Chapter 
5.6) where guidelines for reporting specific research designs 
can be found. (For example, see CONSORT,38 TREND,39 and 
STROBE.40) These guidelines for reporting methodologies 
all include items on reporting statistics, but the guidelines 
presented here are more specific and complement, rather 
than duplicate, those in the methodology guidelines.

We welcome feedback and anticipate the need to update 
these guidelines in due course. 

The ‘Statistical Analyses and Methods in the 
Published Literature’ or SAMPL Guidelines

Guiding principles for reporting statistical methods and 
results
Our first guiding principle for statistical reporting comes 
from the International Committee of Medical Journal 
Editors (ICMJE), whose Uniform Requirements for 
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•	 Identify the time period over which each rate applies.
•	 Identify any unit of population (that is, the unit 

multiplier: e.g., x 100 persons, x 10,000 persons) 
associated with the rate.

•	 Report a measure of precision (a confidence interval) 
for estimated risks, rates, and ratios. 

Reporting hypothesis tests
•	 State the hypothesis being tested. 
•	 Identify the variables in the analysis and summarize the 

data for each variable with the appropriate descriptive 
statistics.

•	 If possible, identify the minimum difference considered 
to be clinically important.

•	 For equivalence and non-inferiority studies, report 
the largest difference between groups that will still 
be accepted as indicating biological equivalence (the 
equivalence margin).

•	 Identify the name of the test used in the analysis. 
Report whether the test was one or two-tailed, and for 
paired or independent samples. Justify the use of one-
tailed tests.

•	 Confirm that the assumptions of the test were met by 
the data. 

•	 Report the alpha level (e.g., 0.05) that defines statistical 
significance.

•	 At least for primary outcomes (e.g., differences or 
agreement between groups, diagnostic sensitivity, and 
slopes of regression lines) report a measure of precision 
(such as the 95% confidence interval). Do NOT 
use the standard error of the mean (SE) to indicate 
the precision of an estimate. (The SE is essentially a 
68% confidence coefficient: use the 95% confidence 
coefficient instead.)

•	 Although not preferred to confidence intervals, if 
desired, P values should be reported as equalities, 
when possible, and to one or two decimal places (e.g., 
P = 0.03 or 0.22, not as inequalities: e.g., P < 0.05). Do 
NOT report ‘NS’; give the actual P value. The smallest 
P value that need be reported is P <0.001, except in 
studies of genetic associations in which the values can 
be much, much smaller. 

•	 Report whether and how any adjustments were made 
for multiple statistical comparisons.

•	 Name the statistical software package used in the 
analysis.

Reporting association analyses for categorical variables 
•	 Describe the association of interest.
•	 Identify the variables used and summarize each with 

descriptive statistics. 
•	 Identify the test of association used. 
•	 Indicate whether the test was one or two-tailed. Justify 

the use of one-tailed tests. 
•	 For tests of association (e.g., a chi-square test), report 

the P value of the test (because association is usually 
defined as a statistically significant result).

•	 For measures of association (e.g., the phi coefficient), 
report the value of the coefficient and a confidence 

interval. Do not describe the association as low, 
moderate, or high unless the ranges for these categories 
have been defined. Even then, consider the wisdom 
of using these categories, given their biological 
implications or realities.

•	 For primary comparisons, consider including the full 
contingency table for the analysis.

•	 Name the statistical package or program used in the 
analysis. 

Reporting correlation analyses for continuous variables
•	 Describe the purpose of the analysis.
•	 Summarize each variable with the appropriate 

descriptive statistics.
•	 Identify the correlation coefficient used in the analysis 

(e.g., Pearson, Spearman).
•	 Confirm that the assumptions of the analysis were met.
•	 Report the alpha level (e.g., 0.05) that indicates whether 

the correlation coefficient is statistically significant.
•	 Report the value of the correlation coefficient. Do not 

describe correlation as low, moderate, or high unless 
the ranges for these categories have been defined. Even 
then, consider the wisdom of using these categories 
given their biological implications or realities.

•	 For primary comparisons, report the (95%) confidence 
interval for the correlation coefficient, whether or not 
it is statistically significant. 

•	 For primary comparisons, consider reporting the 
results as a scatter plot. The sample size, correlation 
coefficient (with its confidence interval), and P value 
can be included in the data field.

•	 Name the statistical package or program used in the 
analysis. 

Reporting regression analyses
•	 Describe the purpose of the analysis. 
•	 Identify the variables used in the analysis and 

summarize each with descriptive statistics. 
•	 Confirm that the assumptions of the analysis were met. 

For example, in linear regression indicate whether an 
analysis of residuals confirmed the assumption of 
linearity. 

•	 If relevant, report how any outlying values were treated 
in the analysis. 

•	 Report how any missing data were treated in the 
analyses.

•	 For either simple or multiple (multivariable) linear 
regression analyses, report the regression equation.

•	 For multiple regression analyses: 1) report the alpha 
level used in the univariate analysis; 2) report whether 
the variables were assessed for a) collinearity and b) 
interaction, and 3) describe any variable selection 
process by which the final model was developed (e.g., 
forward-stepwise; best subset).

•	 Report the regression coefficients (beta weights) 
of each explanatory variable, and the associated 
confidence intervals and P values, preferably in a table. 

•	 Provide a measure of the model’s “goodness-of-fit” 
to the data (e.g., the coefficient of determination, r2, 

Manuscripts Submitted to Biomedical Journals include the 
following excellent statement about reporting statistical 
analyses:

Describe statistical methods with enough detail 
to enable a knowledgeable reader with access to 
the original data to verify the reported results. 
When possible, quantify findings and present them 
with appropriate indicators of measurement error 
or uncertainty (such as confidence intervals). Avoid 
relying solely on statistical hypothesis testing, such as 
P values, which fail to convey important information 
about effect size. References for the design of the study 
and statistical methods should be to standard works 
when possible (with pages stated). Define statistical 
terms, abbreviations, and most symbols. Specify the 
computer software used.33,41 [Emphasis added.] 

Our second guiding principle for statistical reporting 
is to provide enough detail so that the results can be 
incorporated into other analyses, specifically, systematic 
reviews and meta-analyses. In general, this principle 
requires reporting the descriptive statistics from which 
other statistics are derived, such as the numerators and 
denominators of percentages, especially in risk, odds, and 
hazards ratios. Likewise, P values are not sufficient for 
re-analysis. Needed instead are descriptive statistics for 
the variables being compared, including sample size of the 
groups involved, the estimate (or “effect size”) associated 
with the P value, and a measure of precision for the estimate, 
usually a 95% confidence interval.

General principles for reporting statistical methods 

Preliminary analyses
•	 Identify any statistical procedures used to modify raw 

data before analysis. Examples include mathematically 
transforming continuous measurements to make 
distributions closer to the normal distribution, creating 
ratios or other derived variables, and collapsing 
continuous data into categorical data or combining 
categories.

Primary analyses 
•	 Describe the purpose of the analysis.
•	 Identify the variables used in the analysis and 

summarize each variable using descriptive statistics.
•	 When possible, identify the smallest difference 

considered to be clinically important.
•	 Describe fully the main methods for analysing the 

primary objectives of the study. 
•	 Make clear which method was used for which analysis, 

rather than just listing in one place all the statistical 
methods used. 

•	 Verify that the data conformed to assumptions of the 
test used to analyse them. In particular, specify that 
1) skewed data were analysed with non-parametric 
tests; 2) paired data were analysed with paired tests, 
and 3) the underlying relationship analysed with linear 
regression models was linear. 

•	 Indicate whether and how any allowance or adjustments 
were made for multiple comparisons (performing 
multiple hypothesis tests on the same data). 

•	 If relevant, report how any outlying data were treated 
in the analysis.

•	 Say whether tests were one or two-tailed and justify the 
use of one-tailed tests.

•	 Report the alpha level (e.g., 0.05) that defines statistical 
significance.

•	 Name the statistical package or program used in the 
analysis. 

Supplementary analyses
•	 Describe methods used for any ancillary analyses, such 

as sensitivity analyses, imputation of missing values, or 
testing of assumptions underlying methods of analysis. 

•	 Identify post-hoc analyses, including unplanned 
subgroup analyses, as exploratory.

General principles for reporting statistical results 

Reporting numbers and descriptive statistics
•	 Report numbers – especially measurements – with 

an appropriate degree of precision. For ease of 
comprehension and simplicity, round to a reasonable 
extent. For example, ‘mean age’ can often be rounded 
to the nearest year without compromising either 
the clinical or the statistical analysis. If the smallest 
meaningful difference on a scale is, say, 5 points, scores 
can be reported as whole numbers; decimals are not 
necessary.

•	 Report total sample and group sizes for each analysis.
•	 Report numerators and denominators for all 

percentages.
•	 Summarize data that are approximately normally 

distributed with means and standard deviations (SD). 
Use the form: mean (SD), not mean ± SD. 

•	 Summarize data that are not normally distributed 
with medians and inter-percentile ranges, ranges, or 
both. Report the upper and lower boundaries of inter-
percentile ranges and the minimum and maximum 
values of ranges, not just the size of the range.

•	 Do NOT use the standard error of the mean (SE) to 
indicate the variability of a data set. Use standard 
deviations, inter-percentile ranges, or ranges instead. 
(The SE is an inferential statistic, not a descriptive one.)

•	 Display data in tables or figures. Tables present exact 
values, and figures provide an overall assessment of the 
data.42,43

Reporting risk, rates, and ratios
•	 Identify the type of rate (e.g., incidence rates, survival 

rates), ratio (e.g., odds ratios, hazards ratios), or risk 
(e.g., absolute risks, relative risk differences), being 
reported.

•	 Identify the quantities represented in the numerator 
and denominator (e.g., the number of men with 
prostate cancer divided by the number of men in 
whom prostate cancer can occur). 
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for simple regression and the coefficient of multiple 
determination, R2, for multiple regression). 

•	 Specify whether and how the model was validated. 
•	 For primary comparisons analyzed with simple linear 

regression analysis, consider reporting the results 
graphically in a scatter plot showing the regression line 
and its confidence bounds. Do not extend the regression 
line (or the interpretation of the analysis) beyond the 
minimum and maximum values of the data. 

•	 Name the statistical package or program used in the 
analysis. 

Reporting analyses of variance (ANOVA) or of 
covariance (ANCOVA)
•	 Describe the purpose of the analysis.
•	 Identify the variables used in the analysis and 

summarize each with descriptive statistics.
•	 Confirm that the assumptions of the analysis were met. 

For example, indicate whether an analysis of residuals 
confirmed the assumptions of linearity. 

•	 If relevant, report how any outlying data were treated 
in the analysis.

•	 Report how any missing data were treated in the 
analyses.

•	 Specify whether the explanatory variables were tested 
for interaction, and if so, how these interactions were 
treated.

•	 If appropriate, report, in a table, the P value for each 
explanatory variable, the test statistics and, where 
applicable, the degrees of freedom for the analysis.

•	 Provide an assessment of the goodness-of-fit of the 
model to the data, such as R2.

•	 Specify whether and how the model was validated.
•	 Name the statistical package or program used in the 

analysis. 

Reporting survival (time-to-event) analyses 
•	 Describe the purpose of the analysis.
•	 Identify the dates or events that mark the beginning 

and the end of the time period analysed.
•	 Specify the circumstances under which data were 

censored.
•	 Specify the statistical methods used to estimate the 

survival rate.
•	 Confirm that the assumptions of survival analysis were 

met.
•	 For each group, give the estimated survival probability 

at appropriate follow-up times, with confidence 
intervals, and the number of participants at risk of 
death at each time. It is often more helpful to plot the 
cumulative probability of not surviving, especially 
when events are not common.

•	 Reporting median survival times, with confidence 
intervals, is often useful to allow the results to be 
compared with those of other studies.

•	 Consider presenting the full results in a graph (e.g., a 
Kaplan-Meier plot) or life table.

•	 Specify the statistical methods used to compare two or 
more survival curves.

•	 Report the P value of the comparison when comparing 
two or more survival curves with hypothesis tests. 

•	 Report the regression model used to assess the 
associations between the explanatory variables and 
survival or time-to-event. 

•	 Report a measure of risk (e.g., a hazard ratio) for each 
explanatory variable with a confidence interval.

Reporting Bayesian analyses 
•	 Specify the pre-trial probabilities (“priors”).
•	 Explain how the priors were selected.
•	 Describe the statistical model used.
•	 Describe the techniques used in the analysis.
•	 Identify the statistical software program used in the 

analysis.
•	 Summarize the posterior distribution with a measure 

of central tendency and a credibility interval.
•	 Assess the sensitivity of the analysis to different priors.
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