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known about the quality of reporting in biomedical journals. Senior scholars were invited to
become scientific editors of journals based on their research credibility and stature. Their
knowledge of journalology (publication science) was not assessed. Similarly, while the use
of peer review was gaining momentum, there was limited guidance on the tasks and expect-
ations of peer reviewing. Almost 50 years later, the evidence base regarding the quality of
reporting is vast. This paper highlights some of this evidence including that relevant to
imaging and nuclear medicine research. In biomedical publications, there is a crisis in
reproducibility; high prevalence rates of reporting biases, such as selective outcome report-
ing; spin; low registration rates of research protocols; and endemic poor reporting of
research across biomedicine. These issues and some more immediate solutions are also
discussed in the paper. The use of reporting guidelines has been shown to be associated
with better reporting of clinical trials and other research articles. The use of audit and feed-
back tools is likely to provide an important gauge about the functions of biomedical journals.
Finally, the push to better equip scientific editors and peer reviewers is taking a more con-
certed effort.
Semin Nucl Med 49:105-114 Crown Copyright © 2018 Published by Elsevier Inc. All rights
reserved.
Introduction

At the outset of the 1970s, when Seminars in Nuclear
Medicine started publishing, authors interested in pub-

lishing research articles typically submitted a completed
study to a journal of interest. Peer review of manuscripts was
starting to gain momentum and many journals used this pro-
cess to differentiate “inconsequential” submissions from
“star” papers. Authors of accepted manuscripts typically
signed over the intellectual copyright of their paper to the
journal, acting on behalf of the publisher and/or society
sponsoring the journal title. In the early 1970s, there was lit-
tle data on the quality of reporting of published research.
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in149 papers published during the first three months of
1964. Approximately two-thirds were deemed unacceptable
although revision was possible, about a quarter (28%) were
assigned “acceptable,” and the remaining 5% were judged
“unsalvageable,” of no possible use.1 Such analyses of the
nuclear medicine literature had not yet been undertaken.
Reporting guidelines had not yet been developed and there
was little information on a host of issues about journalology
(publication science).

Little was known about the effectiveness of peer review,
the training of editors and peer reviewers, and the general
operations of journals. Steven Lock, who assumed the edi-
tor’s mantel at the BMJ in 1975 (until 1991), was about to
open up journals and push for evidence to inform their oper-
ations. He gave some indication of the difficulties of the job
as part of his 1985 Rock Carling lecture entitled “A Delicate
Balance: Editorial Peer Review in Medicine.” By 1975,
Eugene Garfield had started calculating journal impact fac-
tors (JIFs), a metric of supposed journal importance. In
1986, Drummond Rennie, the deputy editor of JAMA,
observed “there seems to be no study too fragmented, no
hypothesis too trivial, no literature citation too biased or too
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egotistical, no design too warped, no methodology too bun-
gled, no presentation of results too inaccurate, too obscure,
and too contradictory, no analysis too self-serving, no argu-
ment too circular, no conclusions too trifling or too unjusti-
fied, and no grammar and syntax too offensive for a paper to
end up in print.”2 In an attempt to better understand peer
reviewing and scientific editors, Rennie started the Interna-
tional Congress on Peer Review and Scientific Publication.
The first meeting was held in 1989 in Chicago. It has been a
successful venture in providing insight and evidence to help
better understand peer review and the role and functions of
scientific editors. The ninth congress will be held in Septem-
ber 2021.
Bad Reporting
Journals have existed for hundreds of years and are still the
most important conduit for researchers to report the meth-
ods and results of their clinical and preclinical research.
However, published articles are fraught with problems.
Numerous reviews have identified widespread deficiencies in
the reporting of research. Crucial aspects of study methods
and results are frequently missing impeding transparency
and reproducibility, essential parts of the research process.3

For instance, in 2012, the methods reporting and analysis
strategies of 241 functional MRI articles were evaluated.4

Many of the publications did not report methodological
details in sufficient detail for replication by independent
researchers, and the proposed data analysis was highly vari-
able across studies. An alarming number of researchers are
publishing research in predatory journals making the studies
difficult to identify.5 If reports of research are unusable or
unidentifiable, this substantially reduces the ability to build
on existing research. Poor reporting can also be misleading
and decrease the confidence clinicians have in using evidence
to inform practice, directly affecting patient care.6,7

The reasons behind incomplete and misleading reporting of
biomedical research are complex, involving multiple players.
Scientific editors, peer reviewers, and researchers share
responsibility. Some editors do not explicitly recommend the
use of reporting guidelines as part of the review process8

despite emerging evidence indicating that their use is associ-
ated with more complete reporting.9,10 There appears to be a
knowledge gap for scientific editors and peer reviewers affect-
ing the value of their efforts and the trustworthiness of
research publications11; most editors and peer reviewers learn
on the job without formal training. More than a third of
manuscripts submitted to 46 journals were inappropriately
classified as reports of randomized controlled trials (RCTs) by
the editorial offices.12 The inability of editors and peer
reviewers to ensure scientific rigor is harmful and wasteful.
One estimate is that US$240 billion is spent globally, annu-

ally, on health research.13 The outputs from this research are
documented in about 3 million articles, of which about half
are published in 25,000 journals (with a much larger number
of editors). Eighty-five percent of this investment is avoidable
waste (ie, it is modifiable). Manuscript peer review does not
appear to prevent poor (and misleading) quality of reporting
of published research.14 Regardless of the reasons, it is impor-
tant to remedy this situation. Globally, peer review is estimated
to cost $2.48 billion dollars annually and accounts for about
one-quarter of the overall costs of scholarly publishing and dis-
tribution.15 The human cost was evaluated at 15 million hours
every year.16 Overall, this is a regrettably poor return on a large
fiscal and human investment.
Strategies to Improve the
Accuracy, Completeness, and
Transparency of Published
Research
In 2014, in response to increasing concerns about waste in
biomedical research, the Lancet published a “Waste in
Research” series. In a forward to the series the editors asked,
“our belief is that research funders, scientific societies, school
and university teachers, professional medical associations,
and scientific publishers (and their editors) can use this
Series as an opportunity to examine more forensically why
they are doing what they do...and whether they are getting
the most value for the time and money invested in science.”17

There are several strategies available to help improve the
quality of reporting biomedical research. Some of these are
reviewed below. Any approach to improve reporting is more
likely to succeed if it is endorsed, implemented, and audited.
Reporting Guidelines
While long-term solutions to improving the quality of
reporting such as better training of scientific editors and peer
reviewers are possible, more immediate solutions are avail-
able. Reporting guidelines, defined as a checklist of a mini-
mal set of items to include when reporting a study, exist for a
large number of study designs, including preclinical animal
studies, randomized trials, observational studies, systematic
reviews, and diagnostic accuracy studies. While there is accu-
mulating evidence that use of reporting guidelines is associ-
ated with improved reporting though not in all cases,18 this
evidence base is limited to only a few reporting guide-
lines.9,10 For journals, the most obvious problem they face is
the quality of reporting of articles they publish. A systematic
review involving 50 studies and reports of more than 16,000
randomized trials, assessing the effect of journal endorse-
ment of the CONSORT checklist, showed improvements in
the completeness of reporting for 22 checklist items.9

In 2003, STAndards for the Reporting of Diagnostic Accu-
racy studies (STARD), a reporting guideline that included a
checklist of 25 items that should be reported in studies, was
developed to increase the completeness and transparency of
reporting of diagnostic accuracy studies.19,20 This was the
first reporting guideline directly applicable to the radiological
and nuclear medicine literature. Subsequent investigations
have examined whether the quality of reporting in diagnostic
accuracy studies has improved since the publication of
STARD.21-23 Smidt and colleagues examined the quality of
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reporting in 12 high-impact-factor journals in 2000 (before
STARD) and in 2004 (after STARD) using the STARD check-
list.21 The authors reported that the mean number of
reported STARD items increased from 11.9 (of 25) items in
2000 to 13.6 items in 2004. This represented a modest
increase and the overall completeness remained suboptimal,
with only slightly more than half of the STARD items being
reported in 2004.
Korevaar and colleagues evaluated how well diagnostic

accuracy studies published in 2012 adhered to the STARD
guidelines and whether adherence had improved since 2000
and 2004.22 The mean number of STARD items reported in
2012 was 15.3 (of 25). An improvement of 3.4 items was
observed compared with studies published in 2000 and an
improvement of 1.7 items in the initial evaluation by Smidt
in 2004. These results suggest that although some improve-
ment has occurred since the creation of STARD, the overall
quality of reporting in diagnostic accuracy studies was still
suboptimal. Hong and colleagues were the first to specifically
evaluate the adherence of diagnostic accuracy studies to
STARD in imaging journals (including nuclear medicine
journals).23 Using the updated STARD checklist STARD
201524 consisting of 30 items, the authors demonstrated a
mean adherence rate of 55% (16.6/30 items), representing a
moderate adherence rate that is similar to rates documented
in previous STARD adherence studies.21,22 It was also noted
that studies published in higher impact journals and STARD
adopter journals (journals that explicitly recommend adher-
ence to STARD) reported more items.
While STARD is intended to help report individual diag-

nostic accuracy studies, the Preferred Reporting of Items for
a Systematic Review and Meta-analysis of Diagnostic Test
Accuracy Studies (PRISMA-DTA) is a 27-item checklist that
provides guidance in the reporting of systematic reviews of
diagnostic test accuracy studies. The PRISMA-DTA guideline
can facilitate the transparent reporting of reviews. A recent
assessment of the diagnostic accuracy literature by Salameh
and colleagues evaluated the completeness of reporting of
diagnostic test accuracy in systematic reviews from October
2017 to January 2018 using the PRISMA-DTA guidelines.25

Of the 100 included reviews, the mean number of reported
items from the PRISMA-DTA checklist was 18.6 (of 27), sug-
gesting there is still room for improvement in the complete-
ness of reporting of diagnostic accuracy systematic reviews.
The EQUATOR Network
The EQUATOR Network was established in 2006 and for-
mally launched in 2008.26 The vision was to develop a broad
basket of tools to help authors, editors, peer reviewers, and
others improve the reporting of articles published in biomed-
icine. Today, the network is on the way to meeting its initial
remit. The EQUATOR library is an open repository of more
than 400 reporting guidelines developed or currently under
development.27 The network also developed guidance to
help others interested in developing a reporting guideline28

and several toolkits for multiple stakeholders. These include
guidance for authors writing manuscripts, manuscript peer
reviewers, and editors wanting to implement reporting
guidelines at their journal. All four EQUATOR centers (Aus-
tralasia, Canada, France, and UK) have publication schools
to help authors, particularly early career ones, produce better
reports for publication consideration. The algorithm-based
EQUATOR wizard is an initial attempt to help prospective
authors identify the most appropriate reporting guideline to
use when reporting their research.29

There are now plenty of reporting guidelines to help
authors, editors, and peer reviewers although several chal-
lenges remain. Whether there is reporting guideline inflation
resulting in potential confusion for users requires consider-
ation. Reporting guideline developers seem hesitant to pro-
vide data on the effectiveness of their developed reporting
guideline. This might be related to the considerable problems
in funding such endeavors. However, like pharmaceuticals,
we should be more cautious about recommending the use of
reporting guidelines without evidence of effectiveness. Even
when armed with an initial evidence base about the effective-
ness of reporting guidelines, few editors recommend that
their peer reviewers use them.8 We need to enhance all
implementation efforts.30

While Lock had indicated the difficulties of running a
journal, most of the journalology (publication science) litera-
ture focused on providing audit and feedback data about the
quality of reporting from the authors’ perspective. Little
attention had been given to the role of the scientific editors
(ie, editors are responsible for the content and policies of
journals) and peer reviewers in this process. This is impor-
tant because peer reviewers provide feedback to editors, who
are the ultimate decision makers about the acceptability of
research manuscripts.
Combating Reporting Biases Using
Registration, Registered Reports, and Other
Approaches
There are two broad categories of reporting biases. Nonrep-
orting of complete studies (ie, publication bias), such as sta-
tistically negative reports of evaluations of a pharmaceutical
agent is one category. Evidence of publication bias has
existed from at least 1959.31 In 1986, Simes examined data
contained in an oncology clinical trials registry and reported
that statistically pooling the results of published trials only,
compared with pooling published plus registered trials, pro-
vided clinicians and patients alike with differing and oppos-
ing estimates of the effectiveness of a cancer intervention.32

The public health effects of publication bias have been
recently exposed. Influenza antiviral medications such as
oseltamivir (Tamiflu) have been commonly used and stock-
piled by governments on the basis of recommendations by
international organizations such as the World Health Organi-
zation.33 Concerns have been raised, however, that these rec-
ommendations are supported by a body evidence affected by
publication and reporting bias.34 In 2014, these concerns
prompted Jefferson and colleagues to conduct a systematic
review of all available clinical study reports of RCTs examining
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the benefits and harms of oseltamivir.34 A total of 83 eligible
clinical study reports were identified, of which 20 were
included in the final analysis. It was demonstrated that in pro-
phylactic studies, oseltamivir reduced the proportion of symp-
tomatic influenza. In treatment studies, oseltamivir modestly
reduced the time to first alleviation of symptoms but caused
nausea and vomiting and increased the risk of headaches and
renal and psychiatric complications. The disparity of findings
between this systematic review, and those of the published
research which promoted the widespread use of oseltamivir,
highlights an important example of publication bias and its
consequences. The findings of this systematic review provide
compelling reason to question the recommendations that have
led to the stockpiling of oseltamivir.
Sharifabdi and colleagues provide evidence for publication

bias in imaging research.35 They set out to determine
whether higher reported accuracy estimates are associated
with faster time to publication for imaging diagnostic accu-
racy studies. The authors measured diagnostic accuracy
using Youden’s index (sensitivity + specificity ¡1, a single
measure of diagnostic accuracy). With 55 systematic reviews
and 781 primary studies included, they observed that You-
den’s index was negatively correlated with time to publica-
tion, suggesting a weak association between higher accuracy
estimates and faster time to publication.
Another type of reporting bias is poorly describing

reported characteristics. Here, an outcome identified in a
protocol as of primary interest is demoted to one of second-
ary interest, without attribution, in the published completed
study (eg, selective outcome reporting bias). A systematic
review of the evidence for publication bias and selective out-
come reporting bias in RCTs was conducted by Dwan and
colleagues.36 The review comprised of 16 cohort studies that
have assessed publication bias and outcome reporting bias in
RCTs. Eleven of the studies investigated publication bias and
five investigated outcome reporting bias. The results of the
systematic review reveal that both publication bias and selec-
tive outcome reporting bias are prevalent among RCTs. Of
the 16 studies examined, 12 provided evidence that studies
reporting positive or significant outcomes are more likely to
be published. Three of the studies demonstrated that statisti-
cally significant outcomes were more likely to be reported
than nonsignificant outcomes and that 40%-62% of studies
had at least one primary outcome that was changed, added,
or omitted in the publication, as compared with the study
protocol.
A useful solution to countering reporting biases is to

require registration of all research protocols. Although trial
registration will not eliminate publication bias, it is likely to
provide a degree of transparency and accountability not pre-
viously seen. While there are multiple trial registries, clinica-
trials.gov is by far the largest one having amassed 287,619
registries as of October 21, 2018, including an average of 86
new daily registrations in 2018.37 While this is encouraging,
it includes only a small fraction of all trials published. Efforts
to bolster incentives to register trials and other research pro-
tocols are urgently needed. Academic promotion and tenure
committees could include study registration as a criterion for
career advancement.38 Indeed, formal registries for other
designs still do not exist although there are various ways to
register any type of study, such as Open Science Framework.

Other efforts are underway to reduce reporting biases. Sev-
eral journals have initiated registered reports, first imple-
mented in Cortex in 2013.39 Here, authors submit their
protocol, prior to initiating any data collection, to a journal for
assessment and peer review. If the journal makes a positive
assessment of the methods proposed and if the content area
and methods meet a threshold, the journal makes an in-princi-
ple commitment to publishing the completed study regardless
of the statistical results. Currently, 91 journals, included 21 in
medicine, have adopted registered reports.40 The Center for
Open Science has also initiated a “preregistration challenge” in
which 1000 researchers who register their design and methods
(protocol) prior to data collection and publish their completed
research prior to the end of 2018 are eligible for a $1000 prize.
Such efforts will also hopefully enhance efforts to tackle the
crisis in reproducibility. Finally, the restoring invisible and
abandoned trials (RIAT) initiative is another related effort.41

The RIAT initiative addresses the problem of publication bias
from unpublished trials by providing the opportunity for third
parties to access the underlying data of unpublished aban-
doned trials. These third parties, referred to as restorative
authors, are able to analyze the data using the original trial
protocol and then submit a manuscript for publication.
Spin
Spin has been defined as “specific reporting strategies, what-
ever their motive, to highlight that the experimental treat-
ment is beneficial, despite a statistically nonsignificant
difference for the primary outcome, or to distract the reader
from statistically nonsignificant results.”42 Spin is prevalent
in the scientific literature including diagnostic studies.43

A total of 126 diagnostic accuracy studies were examined, of
which 53 evaluated the accuracy of imaging tests. The major-
ity of studies were cross sectional (102) and longitudinal.17

To measure overinterpretation, two authors independently
scored each article using a pretested data-extraction form
which identified types of actual and potential overinterpreta-
tion. Of the 126 included articles, 39 (31%) contained a
form of actual overinterpretation, including 29 (23%) with
an overly optimistic abstract, 10 (8%) with a discrepancy
between study aim and conclusion, and 8 (6%) with conclu-
sions based on selected subgroups. In the analysis of poten-
tial overinterpretation, 89% of studies did not include a
sample size calculation, 88% did not state a hypothesis, and
57% did not report confidence intervals for the diagnostic
accuracy measurements. Of the 53 imaging studies, 16
(30%) contained forms of actual overinterpretation and 53
(100%) contained forms of potential overinterpretation.
From these data, it is clear that overinterpretation of results
is frequent in primary studies of diagnostic accuracy.

McGrath and colleagues assessed the frequency of overin-
terpretation in systematic reviews of diagnostic accuracy.44

Overinterpretation was measured using a list of 10 items that
represent actual overinterpretation in the abstract and/or
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full-text of the review as well as a list of 9 items that represent
potential overinterpretation. Of the 112 systematic review
included, 40 (36%) assessed the diagnostic accuracy of imag-
ing tests. The majority of reviews had a positive conclusion
regarding the diagnostic accuracy of the test in the abstract
(74%) and in the full-text (74%). There was at least one form
of actual overinterpretation in 72% of the abstracts and in
69% of the full-texts. The most common forms of actual
overinterpretation were a “positive conclusion, not reflecting
the reported summary accuracy estimates,” occurring in 49%
of abstracts and 50% of full-texts, and a “positive conclusion,
not taking high risk of bias and/or applicability concerns into
account” which occurred in 42% of abstracts and 23% of
full-texts. Of the 112 reviews, 107 (96%) contained a form
of potential overinterpretation, with “nonrecommended sta-
tistical methods for metanalysis performed” most frequently
identified (51%). The high prevalence of overinterpretation
in systematic reviews of diagnostic accuracy identified by the
authors may lead to optimism regarding test performance
that is not justified. This in turn could result in errors in clin-
ical decision-making and unnecessary increases in health
care costs.
While our understanding of spin is increasing, particularly

with more research, it is clear that editors and peer reviewers
need to pay more attention to it, and its many manifestations.
Similarly, it is now important to develop and evaluate inter-
ventions to detect and minimize the effects of spin in publi-
cations. Finally, whether patients and others reading articles
make decisions based on spin needs investigation.
Deceptive Journals
Within the last decade, a new phenomenon has started to
penetrate scientific publishing, particularly open access jour-
nals and publishers. These deceptive entities are often termed
probable predatory journals (and publishers). Such journals
typically compete with legitimate open access journals. They
promise authenticity and scientific rigor, fast peer review,
low author processing charges (publication fees), and imme-
diate publication. These are “smart” promises because they
feed directly into the problems and pitfalls of the majority of
scientific journals. However, most of the evidence indicates
that these journals do not use peer review, have fake journal
metrics, including JIFs, and often do not meet their open
access remit, asking authors to sign over copyright to the
publisher.
Within a short period of time, articles in predatory journals

have mushroomed from approximately 50,000 in 2010 to
more than 400,000 in 2014.5 OMICS publishing group has
been recognized as a source of predatory journals; they have
approximately 700 journal titles. Nuclear medical imaging is
not exempt from these publications. Predatory journals related
to radiology/nuclear medicine published under OMICS
include: Journal of Nuclear Medicine and Radiation Therapy,
Journal of Medical Physics and Applied Sciences, Imaging in Medi-
cine, and Journal of Imaging and Interventional Radiology.
While these numbers are getting larger, they are still a

small fraction of the total number of articles published
annually. However, these articles and associated journals are
starting to negatively impact what is considered trusted sour-
ces of medical knowledge, such as PubMed. Large fractions
of certain content fields, such as neurology, have upwards of
25% predatory journals.

There are many opinions about predatory journals but not
nearly enough research. Such research can improve an evi-
dence base about predatory journal practices and help gener-
ate evidence-informed journal policy. It is unclear whether
deceptive journals provide peer review. If they do, do
authors find it substantive and helpful? Similarly, it is unclear
why prospective authors submit to these journals. Are their
motivations based on the author processing charge (APC)
fees? Finally, are articles in predatory journals cited and
included in systematic reviews?

Several authors and organizations have developed check-
lists and campaigns to help prospective authors avoid these
deceptive journals. While such efforts are commendable,
there is a risk that their advice may be discordant from one
another, ultimately confusing the very audience the checklist
developers are trying to help. Prospective authors might be
most helped if a journal authenticator (internet browser
plug-in) was developed to identify practice standards of all
journals, not limited to deceptive publication practices jour-
nals, for prospective authors. Developing the journal authen-
ticator fills a gap for authors, providing them with a set of
core information about journal practices, such as the level of
transparency in its operations, and if it is an open access
journal, the creative commons license(s) it uses with authors.
What Does the Future Hold?
Incentivizing and Rewarding Authors for
Better Behavior
Thus far our focus has been on the triad of authors, editors,
and peer reviewers. While they are critical to helping
improve the quality of publications, academic institutions
are also very important in solving the problems of inadequate
reporting of biomedical research; they are the intellectual
home of authors and most often editors and peer reviewers.
Universities are advancing the careers of the authors of these
papers. Universities are still very much married to the JIF as
part of assessing the merits of their faculty members. Some
universities also give a fraction of a faculty member’s salary
to merit pay (ie, for publishing in journals with very high
JIF). It has been reported that Chinese faculty receive tens of
thousands of dollars for publishing in journals with very
high impact factors.45 Universities implicitly equate high JIF
with quality. There is no corpus of data supporting the rela-
tionship between high JIF and the quality of articles it pub-
lishes. The JIF is a metric about the journal and provides no
information about the quality of articles in the journal. It is
important to disentangle any preconceived belief that these
characteristics are correlated in a meaningful way.

If the quality of reporting is so poor, it makes the usability
of the article limited and of questionable societal value.
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Universities should consider whether their promotion and
tenure criteria are fit for use in the 21st century. Promotion
and tenure committees could easily modify their reward cri-
teria away from “publish or perish” to include more evi-
dence-based incentives, such as requiring authors to register
their studies at inception and share their data once the stud-
ies are completed. Similarly, faculty could be rewarded for
formal education and certification of peer review. Cumula-
tively these activities should play a more prominent role in
rewarding faculty as part of their career progression. Such
criteria also have considerable societal value.
Moving Away From Journal Impact Factors
The most prevalent metric used for assessing a journal’s stature
is examining its impact factor. A journal’s impact factor is the
average rate of citation to a given journal over a short time
period. It is calculated by dividing the number of citations to
any articles published in the journal over the past two years
by the total number of research articles appearing in the jour-
nal over this period. There is no body of evidence associating
quality (not to be confused with a journal’s perceived prestige)
of publications with JIF. Emphasis on JIF is irrational, since
only 10%-20% of the papers published in a journal are
responsible for 80%-90% of the citation impact of the journal,
that is, its JIF.46 There is a growing momentum away from
using JIF as a criterion for assessing scientists.47 The Declara-
tion of Research Assessment (DORA) is a movement in this
direction; scientists should not be assessed based on JIF of
their publications.48 Hundreds of organizations have signed
DORA, including all seven UK research funders. Similarly,
thousands of individuals have signed DORA. Similarly, there
is a movement across journals to downplay their JIF. The JIF
does have an important attribute; it can be quickly and easily
ascertained. This is likely an important consideration if there
is interest in substituting or adding more relevant evidence-
based criteria to the assessments of scientists. Importantly, JIF
does not measure the quality of an article. It measures some-
thing about the number citations of the journal in which the
article was published.
Recently, Rosenkrantz and colleagues assessed impact in

radiology journals using an alternative measure to impact
factor/citation count.49 The aim of the paper was to compare
traditional citation count with an alternative impact metric,
the Altmetric Attention Score (Altmetric). Altmetric tracks
the number of weighted mentions that an article receives on
a variety of online platforms, some of which include news
posts, blog posts, Mendeley, Wikipedia, Twitter, and Face-
book. Altmetric therefore represents a measure of the real-
time online impact of an article. All 892 original investiga-
tions published in the 2013 issues of Academic Radiology,
American Journal of Roentgenology, Journal of the American Col-
lege of Radiology, and Radiology were included. The mean
number of traditional citation counts was 10.7 § 15.4 and
the mean Altmetric score was 3.3§ 13.3. Among the articles,
96% had �1 traditional citation count while 42% of articles
had an Altmetric score �1. Citations and Altmetric were
weakly associated (r = 0.20). Altmetric scores were higher in
articles with nonimaging content versus imaging content
(5.1 § 11.1 vs 2.8 § 13.7, P = 0.006). The authors con-
cluded that although the overall online attention to radiology
articles is low, the Altmetric score demonstrated unique
trends, particularly for articles that are not imaging related,
and may complement traditional citation counts as a measure
of the impact of radiology journal articles.
Open Science and Open Access
There is now a movement toward open science, defined as
the sharing of all information related to research. Open sci-
ence can occur at all levels of research, most typically an indi-
vidual research project. Here, a research team share the
underlying data associated with the research project along
with any methods, materials, and code associated with its
conduct and results. In addition to making open any registra-
tion, protocol and findings in publications, open science will
be a key driver of ensuring reproducibility. Patients appear
supportive of data sharing related to studies in which they
have participated.50 It is also possible to have open science at
a group level, such as a laboratory, where electronic labora-
tory books (eg, iPads) are openly shared. Finally, open sci-
ence at the institutional level is possible, where there is no
patent protection to discovery.51

Data sharing policies across journals need improvement to
keep pace with the open science movement. To assess the
prevalence of data sharing policies in the biomedical litera-
ture, Vasilevsky and colleagues reviewed the data sharing
requirements of 318 biomedical journals.52 They reported
that 11.9% of journals explicitly stated that data sharing was
required for publication, 9.1% of journals required data shar-
ing but did not state it would affect publication, and 23.3%
of journals encouraged authors to share data but did not
require it. Journals with data sharing policies facilitate repro-
ducibility efforts.53

Open access is a movement toward openness. Broadly
speaking, there are two publication models for disseminating
biomedical research. First, the traditional subscription model
is based on authors submitting manuscripts to a journal for
publication consideration and if accepted they transfer the
copyright of the article’s content to the journal/publisher.
Interested readers are required to pay a fee to access the work.
Fees can be paid via individual article purchases, through indi-
vidual journal subscriptions, or a third party, such as a univer-
sity library subscription, typically as part of a bulk purchase
from a publisher. This publication model poses a barrier for
interested readers and/or institutions without sufficient fiscal
resources. Further, with this model, the copyright of the work
is transferred to the journal/publisher which creates a barrier
for additional future use by the authors and others, and limits
knowledge translation activities.

Second, the open access model was established approxi-
mately 20 years ago to combat the inherent inequity of the
long-standing subscription model. Here, if an article is
accepted for publication, the author retains the copyright,
meaning that the author and others can freely build upon
and use the article’s content. Authors of accepted articles are
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charged an APC. This fee was meant to cover cost of internal
journal activities, such as copy editing, ensure the journal’s
contents remained available in perpetuity, and that its con-
tents are freely available to all, regardless of their fiscal abili-
ties. This “levelling of the field” has a number of advantages,
is morally uplifting, and has attracted considerable traction.
There are a growing number of highly respected and influen-
tial open access journals and publishers. A downside of this
model is the APC, which can range from $2500 to $5000,
particularly for biomedical journals.
Narayan and colleagues recently assessed the extent to which

open access policies have been adopted by radiology journals.54

A total of 49 radiology journals (impact factors > 1.0) were
included in the analysis, although nuclear medicine jour-
nals were excluded. Of the 49 journals, 36 (73%) had an
open access option and 4 (8%) were exclusively open
access. Open access policies have therefore been adopted
by the majority of radiology journals, with a few journals
being exclusively open access. Seminars in Nuclear Medi-
cine offer a hybrid model, whereby authors can pay an
APC for gold open access.
Training Editors and Peer Reviewers
The importance of biomedical journals cannot be overstated.
What journals publish impacts patient care. Given the large
number of biomedical journals—one estimate is 25,000—it
is likely there is a very wide variation in the competencies of
scientific editors. If editors, like other professionals, want to
ensure the standards of their respective journals’ attention is
needed to ensure they are trained to the highest possible
standards. Many scientific editors of biomedical journals
operate largely without formal training and universal certifi-
cation is not yet a high priority.55 Instead, editors generally
are invited to serve in their role by publishers, based on their
expertise and stature in the field, since such expertise is
essential for evaluating research and stature is important for
establishing the reputation of the journal and attracting sub-
missions. However, such expertise does not guarantee that
editors have the background or training necessary to carry
out their editor roles and responsibilities. More than a third
of manuscripts submitted to 46 journals were inappropri-
ately classified as reports of RCTs by the editorial offices.12

The inability of editors and peer reviewers to ensure scientific
rigor is harmful and wasteful.
One group of researchers has focused on developing a set

of core competencies for scientific editors.56 They developed
a set of core competencies resulting from a series of activities
including a scoping review, a Delphi process, and a face-to-
face consensus meeting. Multiple relevant players, represent-
ing various groups, were involved throughout the process.
The 14 key core competencies were divided into 3 major
areas (editor qualities and skills, such as exercising sound
judgment in making editorial decisions; publication ethics
and research integrity, such as identify and assess problems
related to selective reporting of publications, outcomes, and
analyses, discussed in further detail below; and editorial prin-
ciples and processes, such as interpreting journal and
scholarly metrics and ensure that these metrics are not
manipulated in a way that is unfair or unscrupulous). Each
competency has a list of associated elements or descriptions
of more specific knowledge, skills, and characteristics that
contribute to its fulfillment. These competencies are gaining
traction and endorsement throughout the scholarly editorial
community. What is needed now is an experimental evalua-
tion assessing whether exposure to these core competencies
produces more knowledgeable editors and more complete,
accurate, and transparent reports of biomedical research.

Globally, peer review is estimated to cost $2.48 billion
dollars annually and accounts for about one-quarter of the
overall costs of scholarly publishing and distribution.15 The
human cost was evaluated at 15 million hours every year.16

Unfortunately, there is little by way of core competencies for
peer reviewers, a much larger community than scientific edi-
tors. Editors often rely of peer reviews to help decide about
publication acceptability. However, the evidence from two
systematic reviews suggests that if peer review is effective,
the effect is minimal at best.14,57

While there are several commercial short courses available,
very little is freely available for early career researchers want-
ing to learn more about the skills needed for conducting
effective peer review. To help fill this gap, Publons, a com-
mercial group within the Clarivate Analytics umbrella, has
created a free 10-module Publons Academy course to pro-
vide training opportunities for peer reviewers, particularly
early career ones. Part of the program requires the student to
identify a mentor, often their supervisor, to help them com-
plete two reviews. Once the “student” has completed the pro-
gram, they receive a certificate.
Preprint Servers
Ever since Philosophical Transactions was established more
than 300 years ago, journals have had difficulties maintaining
efficiency. In one classic case, Philosophical Transactions lost
a submitted paper for several years. There are several reasons
why these problems exist but two reasons standout. First,
there is considerable peer reviewer fatigue, partly because
this activity is largely carried out without remuneration and
real credit, and requests to peer review keeps increasing.
Peer review activities are carried out usually on evenings and
weekends as additional contributions to science, once the
reviewer’s paid work has been completed. While a few jour-
nals have full time paid editors, most journals operate with
part time editors who are paid a small stipend for their activi-
ties. Publishing issues have become far more complicated
over time making the jobs of editors, particularly decision-
making ones (ie, scientific editors), far more complicated.
This can create a tremendous delay in the process of making
decisions about the acceptability of manuscripts for publica-
tion, often locking up important and relevant research for
many months or, at times, years. These problems are particu-
larly acute for researchers, particularly early career ones.

Even when published, these publications may not be
accessible to interested readers. It requires open access to
content. To help overcome these issues, and others, scientists
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have sought ways to share their research. One such mecha-
nism has been the development of preprint servers, defined
as “a scholarly manuscript posted by the author(s) in an
openly accessible platform, usually before or in parallel with
the peer review process.”58 One of the earliest preprint serv-
ers was Arxiv, developed in the early 1990s by physicists for
sharing papers, although informal preprint servers have
existed for about 50 years.59

Preprints allow researchers to “claim” some ownership of a
research theme/project; this can be particularly useful for
early career researchers in a highly competitive research envi-
ronment. Preprint servers provide digital object identifier for
each included manuscript. This information can be included
in grant applications. Indeed, progressive granting agencies
are recommending applicants include preprints in their CVs
(eg, National Institutes of Health, USA). There are already
several of them, including those for the biosciences (eg, Bio-
rxiv) which have epidemiology and clinical trials subcatego-
ries. Many more preprint servers are coming to fruition,
including those for medicine (Medrxiv). This has led to the
formation of the scientific-driven initiative ASAPbio (Acceler-
ating Science and Publication in biology) to promote their
use.60 Some journals are joining these efforts. For example,
PLOS Medicine has partnered with BioRxiv and The Lancet
has created a preprint server hosted by SSRN (previously
known as Social Science Research Network).
It is possible that preprints will change the publication

landscape. Instead of authors submitting a manuscript to a
journal for publication consideration, preprint servers may
turn this approach on its head.61 Here, authors will submit
their manuscript to a preprint server. Journals will regularly
scan these servers, perhaps using artificial intelligence algo-
rithms, to identify papers of potential interest to their read-
ers. In such cases, a journal editor will reach out to the
preprint authors and invite them to formally submit their
manuscript to the journal for publication consideration.
Audit and Feedback
Manufacturing industries have a long history of quality con-
trol for good reason. Airline manufacturers do not want
planes falling out of the sky and steel makers do not want
buildings collapsing. Quality control is typically carried out
by providing an audit of the quality of the manufacturing
processes and feeding this information back to the responsi-
ble personnel. Any deficiencies are discussed and, if neces-
sary, modifications are made to the manufacturing processes
to ensure the highest possible quality of the product.
Biomedical journals also produce a very important prod-

uct, namely, research articles. However, there appears to be
little by way of auditing the product and this information is
not typically fed back to authors or readers of the journal.
Auditing the quality of reports a journal publishes could pro-
vide important baseline information for editors and peer
reviewers and identify problems as well as opportunities to
enhance the published product. Making such information
available to the public would send a strong positive signal
about openness, sharing data and the journal’s commitment
to continuous quality improvement. There is a large volume
of evidence indicating the benefits of audit and feedback.62

The EBM Data lab, University of Oxford, has a number of
excellent projects where auditing plays an important role. For
example, the COMPare Trials project initially provided an
audit of outcome reporting bias in five well-known journals
that published 67 randomized trials over a 6-week interval in
2015.63 The TrialsTracker project provides feedback about reg-
istration of randomized trials across a very broad range of aca-
demic institutions.64 An institution conducting at least 30 trials
annually can type their name into the program and be pro-
vided with feedback as to the fraction of the institution’s trials
registered. Journals could also use this information and create
additional information as part of any audit and feedback.
Contributor Role Taxonomy (CRediT) for
Contributing to Research Output
Most journals, including Seminars in Nuclear Medicine,
require a traditional form of authorship for submitted manu-
scripts. For example, to be an author requires some combina-
tion of tasks, such as conceptualizing the project, data
analysis, and/or writing or reviewing draft versions. Author-
ship is laid out by in the International Committee of Journal
Editors. When authorship guidance was first developed, there
may have been a sound rationale for providing such guidance.
Evidence suggests that a high fraction of authors do not meet
the ICMJE’s criteria.65 There is also evidence of authorship
inflation66 and manipulations of authorship such as guest
authorship and ghost authorship.67 In an attempt to rectify
these problems and others, several proposals have been made.

Rennie and Yank proposed contributorship in an attempt to
deal with more equitable contributions researchers make to a
research project.68 CRediT is an effort to take contributorship
further.69 It recognizes that contributions to a research project
can be varied and not necessarily part of a team that conceptu-
alized a research project. For example, CRediT developed a
taxonomy of 14 possible roles, such as software management
which might include “Programming, software development;
designing computer programs; implementation of the com-
puter code and supporting algorithms; testing of existing code
components developing specific code.” Similarly, with the
complexity of data, another role is visualization: “Preparation,
creation and/or presentation of the published work, specifi-
cally visualization/data presentation.” There are also more tra-
ditional roles, including writing. As open science becomes
more prevalent and the accepted way of research, there is
likely a need to promote ways to integrate more diverse contri-
butions A CRediT byline might look something like “Concep-
ceptualization, S.C.P. and S.Y.W.; Methodology, A.B.,
S.C.P., and S.Y.W.; Investigation, M.E., A.N.V., N.A.V., S.C.
P., and S.Y.W.; Writing � Original Draft, S.C.P. and S.Y.W.;
Writing � Review & Editing, S.C.P. and S.Y.W.; Funding
Acquisition, S.C.P. and S.Y.W.; Resources, M.E.V and C.K.B.;
Supervision, A.B., N.L.W., and A.A.D. (Cell Press). A number
of publishers endorse the CRediT system” https://www.cell.
com/pb/assets/raw/shared/guidelines/CRediT-taxonomy.pdf.

https://www.cell.com/pb/assets/raw/shared/guidelines/CRediT-taxonomy.pdf
https://www.cell.com/pb/assets/raw/shared/guidelines/CRediT-taxonomy.pdf
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