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The present study evaluated for the first time citation-impacts of human research reporting
guidelines in comparison to their animal version counterparts. Re-examined and extended also were
previous findings indicating that a research reporting guideline would be cited more for its versions
published in journals with higher Impact Factors, compared to its duplicate versions published in
journals with lower Impact Factors. The two top-ranked reporting guidelines listed in the Equator
Network website (http://www.equator-network.org/) were CONSORT 2010, for parallel-group
randomized trials; and STROBE, for observational studies. These two guidelines had animal study
versions, REFLECT and STROBE-Vet, respectively. Together with ARRIVE, these five guidelines
were subsequently searched in the Web of Science Core Collection online database to record their
journal metrics and citation data. Results found that association between citation rates and journal
Impact Factors existed for CONSORT guideline set for human studies, but not for STROBE or
their counterparts set for animal studies. If Impact Factor was expressed in terms of journal rank
percentile, no association was found except for CONSORT. Guidelines for human studies were much
more cited than animal research guidelines, with the CONSORT 2010 and STROBE guidelines being
cited 27.1 and 241.0 times more frequently than their animal version counterparts, respectively. In
conclusion, while the journal Impact Factor is of importance, other important publishing features
also strongly affect scientific manuscript visibility, represented by citation rate. More effort should
be invested to improve the visibility of animal research guidelines.

KEY WORDS: citation analysis / citation bias / reporting guidelines / animal study /
human study / clinical research / duplicate papers

Bibliometric citation analysis is a powerful and versatile approach allowing the
quantitative analysis of diverse aspects related to scientific publishing [Yeung et al.
2019ab, Yeung et al. 2020ac]. Previous research has revealed that a pair of identical
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papers tend to have a different fate in terms of citation it receives when published in
journals with different Impact Factors (IFs), with the one published in a higher Impact
Factor journal receiving on average twice the number of citations than its twin published
in a lower journal [Lariviére and Gingras 2010]. While duplicate original research
papers may pose ethical concerns, it is not the intention of the current manuscript
to investigate their prevalence. The focus of the current study is to re-examine this
notion of IF-biased citations received by duplicate papers. Reporting guidelines, or
consensus statements, serve as an excellent sample for this purpose, because they
would be simultaneously (or within a short period) published in multiple journals for a
better dissemination of information and reach of a broader target audience. Therefore,
instead of evaluating pairs of duplicate papers, multiple copies of the same paper
can be evaluated, which may better reveal the relationship between citation count
and journal IF. Moreover, renowned reporting guidelines are usually published open
access, meaning that paper availability should not be a confounding factor where
some versions would be hidden behind the paywall and thus less reachable and cited.
Such a positive relationship between citation count and journal IF was confirmed
in the past, with four reporting guidelines for human studies [Perneger 2010]. It
was again partially confirmed in 6 of the 9 reporting guidelines, with an additional
finding that the citation count was positively correlated with the number of article
accesses recorded at the journal websites [Shanahan 2016]. However, three questions
remain unanswered: 1. Copies of the reporting guidelines were published in different
journals. Did different target audiences cite them? 2. It is known that different research
fields have different citation practices as well as averaged journal IF. IF percentile was
found to improve the relative value of IF by having a more normal distribution and a
smaller variation coefficient [ Yu and Yu 2016]. Does the correlation between citation
count and journal impact still exist if IF is normalized across fields as IF percentile?
3. Is there a difference in this relationship between reporting guidelines designed for
human studies and their counterparts for animal studies? Along these lines, the current
work was designed to answer these questions, with the primary aim of investigating
whether citation counts followed IF and whether animal guidelines were cited as
frequently as human guidelines.

Material and methods

The Equator Network website (http://www.equator-network.org/) was accessed
to check the list of reporting guidelines for main study types. The two top-ranked
reporting guidelines listed on the website were CONSORT 2010 (http://www.consort-
statement.org/), for parallel group-randomized trials; and STROBE (https://www.
strobe-statement.org/), for observational studies. These two guidelines also had animal
study versions, REFLECT (https://www.reflect-statement.org/) and STROBE-Vet
(https://strobevet-statement.org/), respectively. REFLECT and STROBE-Vet were also
among the four highlighted reporting guidelines listed on the front page of Meridian
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(https://meridian.cvm.iastate.edu/), a website with a collection of reporting guidelines
involving animals. To make this study more comprehensive, ARRIVE, a guideline for
general animal experiments listed on the Meridian front page, was also evaluated. These
five guidelines were subsequently searched in the Web of Science Core Collection
online database (https://www.webofknowledge.com) to record their journal metrics and
citation data, namely: 5-year IF in 2017, 2017 IF percentile (which normalizes the IF by
its rank in the respective journal category; with the formula of (N-R+0.5)/N, where N
is the number of journals in that category and R is the descending rank), total citation,
journal category, citation rank of the same journal category, and citation count by the
same journal category. The data for the journal category of a citation was extracted by
examining the citing documents with the “Analyze” function of Web of Science and
then checking the journal category data. To roughly estimate the ratio of human versus
animal studies, Web of Science was queried with search terms.

To evaluate the relationship between citation count and journal impact in terms
of IF and IF percentile, two-tailed Pearson and Spearman correlation tests were
conducted using SPSS 25.0 (IBM, New York, USA). Because it was unclear if a linear
or non-linear correlation existed, both Pearson and Spearman tests were conducted.
Since two tests were conducted, tests were statistically significant if p<0.025.

Results and discussion

The bibliometric data of the duplicate versions of CONSORT 2010 [Schulz
et al. 2010abcdefghi, 2011], STROBE [Von Elm et al. 2007abcdefg, 2008, 2014],
REFLECT [O’Connor et al. 2010abcde], STROBE-Vet [Sargeant et al. 2016abcde]
and ARRIVE [Kilkenny et al. 2010ab, 2012ab] are listed in Tables 1-5, respectively.
In brief, the former two had 650.1+646.4 and 1012.8+651.1 (mean+SD) citations,
respectively, whereas their animal version counterparts had 24.0+17.3 and 4.2+3.8
citations, respectively. The differences were 27.1 and 241.0 times respectively.
ARRIVE had 185.6+164.1 (mean+SD) citations, and the differences with the human
guidelines were 3.5 and 5.5 times respectively. Meanwhile to roughly evaluate the
number of scientific works referring to human versus animal studies, Web of Science
was queried with the search strings (“human studies” OR “human experiments” OR
“human research” OR “clinical studies” OR “clinical experiments” OR “clinical
research”) and (“animal studies” OR “animal experiments” OR ‘“animal models”
OR “animal research”). These two search strings yielded 136,607 human studies
and 157,157 animal studies, respectively. Therefore, the ratio of papers referring to
human vs animal studies was roughly 0.87:1. It should noted that animals in research
have been often used as models of human effects of especially in civilization ones to
study potential therapeutic or preventive effects of natural products [Huminiecki et
al. 2017, Pogorzelska et al. 2018, Huminiecki, Horbanczuk 2018, Mozos et al. 2018,
Tewari et al. 2018, Wang et al. 2018, Yeung et al. 2018a]. Moreover, many animal
studies also concerned research on the quality of products of animal origin [Cooper
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Table 1. Citation data of 10 duplicate papers that published the CONSORT 2010 guideline

Citation ~ Citations

5-year 2017 Publication rank of by the
] \ Impact Impact Total year / it | cat the s ‘y
ourna Factorin  Factor citation citations ournal category 'cfu;:l;c ,;2221
2017 percentile per year J J
category _category
International Journal =5 7¢ 7575 930 2011/35  Surgery 2 44
of Surgery
Health Care
Journal of Clinical Sciences &
Enidemiolo 5.185 88.674 513 2010/57 Services; Public, 2,40 54,41
P ey Environmental &
Occupational Health
Journal of Pharmacology &
Pharmacology & 0 0 163 2010/18 gy 16° 5
. Pharmacy
Pharmacotherapeutics
Annals of Internal 18726 95806 1376  2010/153 Mcdicine General 199
Medicine & Internal
Obstetrics and 5609 93293 122 2010/ 14 Obstetrics & 1 40
Gynecology Gynecology
BMC Medicine 9.41 93226 1238 2010/13g ‘cdicine General 136
& Internal
Trials 2343 37218 334 2010/37  Medicine Resarch 90
& Experimental
BMJ 20467  97.097 1946  2010/216 Micdicine General 239
& Internal
PLOS Medicine 14799 93871 528 2010/59  Medicine General 94
& Internal
Epidemiology Public,
Biostatistics and 0 0 1 2010/0 Environmental & 1 1
Public Health Occupational Health

 The top-ranked citing journal category was Dentistry, Oral Surgery and Medicine.
The top-ranked citing journal category was Medicine, General & Internal.
¢ The top-ranked citing journal category was Psychiatry.

I'able 2. Citation data ot Y duplicate papers that published the S 1 RUBE guideline

Citation  Citations

S-year 2017 Publication
Journal [mpact Impact Total year/ Journal category tlr*nznskazlfe bsirtrlllee
Factor in Factor citation citations ournal ournal
2017 percentile per year Jou Jou
category  category
International
Journal of 2.728 72.75 570 2014/114  Surgery 1 110
Surgery
Health Care Sciences
Journal of & Services: Publi
Clinical 5185 88674 1607 2008/ 146 Svices; FUDIC 3 6 130, 89
Epidemiol Environmental &
pidemiology Occupational Health
Bulletin of the Public. Envi @l
World Health ~ 7.134 95304 236 2007/20  NOIC Bvironmenta 37
A & Occupational Health
Organization
. . Public, Environmental
Epidemiology 6.375 97.771 299 2007 /25 & Occupational Health 42
BMJ 20467 97.007 1036 2007/8¢ ~ Medicine, General& 144
Internal
Lancet 52.665 98387 2273 2007/1gy Medicine, General& 159
Internal
Annals of .
Internal 18726 95806 1184  2007/99  Medicine, General & 143
L Internal
Medicine
PLOS Medicine 14799 93871 726 2007/61  Modicine, General & 104
Internal
Public, Environmental
Preventive & Occupational
Medicine 3.754 83.548 1184 2007/99 Health; Medicine, 1,2 143, 121

General & Internal

* The top-ranked citing journal category was Surgery.
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Table 3. Citation data of 5 duplicate papers that published the REFLECT guideline

Citation  Citations

S-year 2017 Publication
rank of by the
Journal ImpacF Impact Tot_al year / Journal category the same same
Factor in Factor citation citations . .
: journal  journal
2017 percentile per year
category category
Biotechnology &
Journal of Food Applied Microbiology; a
Protection 1.882 41.729 o 2010/1 Food Science & 2,3 3,2
Technology
Journal of
Swine Health 1.281 50.357 8 2010/ 1 Veterinary Sciences 1 6
and Production
Journal of
Veterinary 2.315 91.071 33 2010/4  Veterinary Sciences 1 25
Internal
Medicine
Preventive
Veterinary 2.399 83.929 49 2010/5 Veterinary Sciences 1 28
Medicine
Public, Environmental
Zoonoses and & Occupational
2473 95.357 21 2010/2 Health; Infectious 1,2,4 13,4,3

Public Health Diseases; Veterinary

Sciences

2 The top-ranked citing journal category was Veterinary Sciences.

Table 4. Citation data of 5 duplicate papers that published the STROBE-Vet guideline

Citation  Citations

5-year 2017 Publication rank of by the
Journal [mpact Impact Total year/ Journal category the same sime
Factorin  Factor citation citations . \ . |
2017 percentile per year journd Journa
category _category
Biotechnology &
JoumalefFood 1.882 41.729 5 2016/ 1 Applied(Microbiology; NA® 0
Protection Food Science &
Technology
Journal of
Swine Health 1.281 50.357 1 2016/0 Veterinary Sciences 1 1
and Production
Journal of
Veterinary 2315 91.071 6 2016/2  Veterinary Sciences 1 5
Internal
Medicine
Preventive
Veterinary 2.399 83.929 10 2016/3 Veterinary Sciences 1 8
Medicine
Public, Environmental
& Occupational
Zoonosesand - 473 95357 2016/1  Healdh; Infoetious LNA
Public Health N . NA
Diseases; Veterinary
Sciences

* The top-ranked citing journal category was Veterinary Sciences.

and Horbanczuk 2004, Horbanczuk et al. 1998, 2007, 2019, Sales and Horbanczuk
1998, Strzalkowska et al. 2009ab, Horbanczuk and Wierzbicka 2016, Tewari et al.
2017, Zdanowska-Sasiadek et al. 2018].

Most of the copies of the guidelines were indeed mostly cited by papers belonging
to their journal category. However, there were some exceptions. For example, for the
CONSORT 2010 copy published in the International Journal of Surgery [Schulz et
al. 2011], a Surgery journal, the largest citing category was Dentistry, Oral Surgery
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Table 5. Citation data of 4 duplicate papers that published the ARRIVE guideline

S-year 2017 Publicatio Citation  Citations
rank of by the
Impact  Impact Total n year / Journal
Journal o LT the same same
Factor Factor citation  citations category . .
. . journal  journal
in 2017  percentile per year
category category
. Orthopedics;
Osteoarthritis and 5800  93.193 181  2012/26 Rheumatolog 3,7 18, 15
Cartilage y
Veterinary Clinical 1342 48014 48 2012/ 7 Ve'termary b 7
Pathology Sciences
Journal of Pharmacolog
Pharmacology & 0 0 317 2010/35 y& 2¢ 59
Pharmacotherapeutics Pharmacy
Biochemistry
PLOS Biology 9527 95543 2380 2010/264 SMoleeular s g 50 43
Biology;
Biology

2 The top-ranked citing journal category was Dentistry, Oral Surgery & Medicine.
® The top-ranked citing journal category was Multidisciplinary Sciences.
¢ The top-ranked citing journal category was Neurosciences.

Table 6. Relationships of total citation with 5-year Impact Factor in 2017 and 2017 Impact

Factor percentile
Reporting P Pearson correlation ~ Spearman correlation
P arameter . .
guideline coefficient coefficient
5-year Impact Factor 0.869 (p=0.001)*  0.845 (p =0.002)*
CONSORT 2010 Impact Factor percentile  0.600 (p = 0.067) 0.772 (p = 0.009)*
STROBE S-year Impact Factor 0.712 (p =0.031) 0.310 (p =0.417)
Impact Factor percentile  0.151 (p = 0.698) 0.117 (p =0.764)
S-year Impact Factor 0.717 (p =0.173) 0.700 (p =0.188)
REFLECT Impact Factor percentile  0.703 (p = 0.185) 0.500 (p =0.391)
S-year Impact Factor 0.587 (p =0.298) 0.564 (p =0.322)
STROBE-Vet Impact Factor percentile  0.505 (p = 0.385) 0.308 (p =0.614)
ARRIVE S-year Impact Factor 0.805 (p=0.195) 0.400 (p = 0.600)
Impact Factor percentile  0.490 (p =0.510) 0.400 (p = 0.600)
* p<0.025.

and Medicine. Another copy of it published in the Journal of Pharmacology &
Pharmacotherapeutics [Schulz et al. 2010a], a Pharmacology & Pharmacy journal, but
the largest citing category was Psychiatry. Regarding the relationship between citation
count and journal impact, results revealed that citation count positively correlated to
S-year IF for CONSORT 2010, but not for STROBE, REFLECT, STROBE-Vet and
ARRIVE (Tab. 6).

In general, the copies of the reporting guidelines were mainly cited by papers
published in the same journal category. This finding implies that future versions of
CONSORT guideline may consider publishing copies in journals with their own
journal categories, such as dentistry and psychiatry.

For the animal study reporting guidelines, the citation counts were much lower
than their counterpart versions for human studies. One could argue that STROBE was
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published in 2007, but its counterpart STROBE-Vet was published in 2016. However,
both CONSORT 2010 and REFLECT were published in 2010. This may imply that
REFLECT and STROBE-Vet should be further promoted so that papers reporting
animal studies should cite and adhere to these guidelines. Of course, one potential
reason for the low citations of REFLECT and STROBE-Vet could be that many of the
studies chose to adhere to ARRIVE, for which the PLOS Biology version had over
2,000 citations. On the other hand, a survey of Editors-in-Chief (EICs) of veterinary
journals reported that half of the respondents knew of reporting guidelines, but only
35% referred to reporting guidelines in their journal instructions to authors [Grindlay
et al. 2014]. This was considerably lower than other fields such as dentistry, where
74% of surveyed EICs knew of reporting guidelines and 51% referred to reporting
guidelines in their journal instructions to authors [Hua et al. 2016]. Perhaps the
veterinary research community should further promote awareness and education on
the adherence to reporting guidelines. In particular, the recurrent failure of translating
promising treatment results from animal studies to human studies was partly attributed
to the methodological flaws in animal studies [Van der Worp et al. 2010], implying
that closer adherence to reporting guidelines might improve the study quality.

When IF percentile was considered, no correlation was elicited for the reporting
guidelines except CONSORT. These findings could imply that human study and
animal study reporting guidelines have received different extent of attention
and citation, and that their citation profiles with regards to IF were also different.
Moreover, when IF was normalized across different research fields into IF percentile,
it could no longer correlate with citation count. It suggests that certain journal
categories may have an inherent advantage of getting more citations. For example, it
seemed that papers published in neuroscience journals tended to have more citations
than papers in pharmacology journals, which were in turn cited more than those in food
chemistry journals [Yeung 2018bcd]. In the current study, CONSORT and STROBE
were mostly published in General & Internal Medicine journals, and these copies had
many citations. Maybe this represents one of the reasons that the authors did not choose
to publish in journals in other relevant disciplines, such as dentistry and psychiatry, or
even psychology and neuroscience. Another reason could be that there exist discipline-
specific guidelines for researchers to adhere. For instance, there are reporting guidelines
for neuroimaging research [Poldrack et al. 2008, Miiller et al. 2018], and therefore such
papers may follow these guidelines instead.

In the current digital age, researchers can easily access articles in electronic
format, regardless of journal title or category, as long as they have the right to access
the digital files. Therefore, the relationship between IF and citation count may be
weakening [Lozano et al. 2012]. On the other hand, researchers may tend to cite
papers that are already highly cited, known as the Matthew effect [Lariviére and
Gingras 2010]. It remains to be seen which trend will be more prominent in the coming
years. We believe that the Matthew effect will still dominate in the future, as literature
databases such as Google Scholar often consider citation count as an important factor
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in determining the ranking of relevant papers resulted from a search [Rovira et al.
2019]. It means that higher cited papers tend to be listed higher up in the list and thus
more easily to be recorded and cited by the users.

There are several limitations to the current study. For instance, the following
potential influencing factors could not be evaluated in the current study: the size
of readership of the journals, the perceived credibility of the journals, and the user-
friendliness of the journal websites. Therefore, the current study, which may be
considered as a partial conceptual replication of Shanahan [2016] published in Peer.J,
could only elucidate the correlation between IF and citation count without suggesting
a causal relationship between them. Moreover, the animal guidelines had fewer
datapoints for testing the correlations, which might make it more difficult to find a
significant association.

Conclusions

The current results have suggested that different target audience cited the
guidelines published in different categories of journals. The correlation between
citation count and IF was demonstrated by consensus guidelines for human studies
but not for animal studies. The correlation existed for CONSORT only, if IF was
replaced by IF percentile.

To conclude, our work demonstrates that human research guidelines are by far
more frequently cited than animal research guidelines, and that the relationship
between IF and citation count is not as simple as previously demonstrated.

Funding and competing interests: None declared.
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