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Abstract

Honesty of publications is fundamental in science. Unfortunately, science has an increasing fake paper problem with multiple
cases having surfaced in recent years, even in renowned journals. There are companies, the so-called paper mills, which
professionally fake research data and papers. However, there is no easy way to systematically identify these papers. Here,
we show that scanning for exchanged authors in resubmissions is a simple approach to detect potential fake papers. We
investigated 2056 withdrawn or rejected submissions to Naunyn—Schmiedeberg’s Archives of Pharmacology (NSAP), 952
of which were subsequently published in other journals. In six cases, the stated authors of the final publications differed
by more than two thirds from those named in the submission to NSAP. In four cases, they differed completely. Our results
reveal that paper mills take advantage of the fact that journals are unaware of submissions to other journals. Consequently,
papers can be submitted multiple times (even simultaneously), and authors can be replaced if they withdraw from their pur-
chased authorship. We suggest that publishers collaborate with each other by sharing titles, authors, and abstracts of their
submissions. Doing so would allow the detection of suspicious changes in the authorship of submitted and already published
papers. Independently of such collaboration across publishers, every scientific journal can make an important contribution
to the integrity of the scientific record by analyzing its own pool of withdrawn and rejected papers versus published papers
according to the simple algorithm proposed in the present paper.

Keywords Fake paper - Paper mill - Naunyn—Schmiedeberg’s Archives of Pharmacology - Withdrawn - Rejected - Scientific
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Abbreviations Introduction
NSAP  Naunyn-Schmiedeberg’s Archives of

Pharmacology Research builds on knowledge gained in previous studies.
LSTM Long Short-Term Memory Scientific publications are the primary sources of this knowl-

edge. Unfortunately, an increasing number of fake papers is
contaminating the scientific literature (Else and Van Noorden
2021). Fake papers contain fictitious and manipulated data.
Companies called paper mills professionally produce fake
papers and publish them in the name of paying customers.
Paper mills thus offer the opportunity to become an author of
D4 Roland Seifert scientific publications without conducting research (Else and
seifert.roland @mh-hannover.de Van Noorden 2021; Byrne and Christopher 2020). Reasons
for turning to paper mills include pressure to publish, lack

Institute of Pharmacology, Hannover Medical School, .u g pap u. P v pu K
Carl-Neuberg-StraBe 1, 30625 Hannover, Germany of time for research, and financial and career benefits (Tian

et al. 2016; Lin 2013; Quan et al. 2017).

2 Braunschweig Integrated Centre of Systems Biology, TU Q ) .
Braunschweig, Braunschweig, Germany In recent years, several fake paper cases have been dis-
. . ) . covered (Else and Van Noorden 2021). Naunyn—Schmiede-
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of TU Braunschweig and Hannover Medical School, berg’s Archives of Pharmacology (NSAP) was affected by
38106 Braunschweig, Germany paper mill submissions too. In 2020 and 2021, the journal
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retracted 11 publications due to a paper mill involvement
(Seifert 2021). It is hard to say how many scientific publica-
tions are fake. In a report from 2022, the proportion of fake
papers is estimated at about 2% (COPE & STM 2022). Other
researchers even estimate the share of potential fakes to be
up to 28% (Sabel et al. 2023).

It is important to retract fake papers and prevent their
further publication. Unfortunately, there is a lack of ways to
identify them easily. Current approaches include the identi-
fication of manipulated images, the detection of fake review-
ers, or a mix of signs that indicate possible fakes (Byrne
and Christopher 2020; Seifert 2021; Christopher 2021; Day
2022). Often fake papers are just discovered by chance (Seif-
ert 2021). Based on its own experience in dealing with fake
papers, NSAP has published a list of 20 features observed
among these papers. Strikingly, one paper withdrawn from
NSAP had also been submitted to another journal but with
completely different authors (Seifert 2021).

In this study, we systematically searched for similar cases,
i.e., publications that were also submitted to NSAP, but with
extensively differing lists of authors. We show that this is an
easy method to systematically scan for papers with possible
paper mill involvement.

Methods

Identification of resubmissions with extensively
differing authorship

We searched for publications that had been rejected by, or
withdrawn from, NSAP but were subsequently published in
a different journal with a different authorship. The following
paragraphs briefly describe how we automated the search for
such cases (Celik 2022).

We analyzed all unpublished papers submitted to NSAP
between 2015 and 2021 (Fig. 1). Titles, abstracts, and
authors were extracted from the NSAP manuscripts. For each
abstract, two summaries were calculated using extractive
(TextRank) and abstractive (Pegasus) methods (Mihalcea
and Tarau 2004; Zhang et al. 2020). One summary contained
an extraction of the most relevant keywords; the other was a
semantically similar text that was generated. To find publica-
tions similar to the NSAP submissions, the databases of Pub-
Med (https://pubmed.ncbi.nlm.nih.gov), Semantic Scholar
(https://www.semanticscholar.org), and Google Scholar
(https://scholar.google.com) were queried using the titles,
abstracts, and previously calculated summarizations.

We also used Solr (https://solr.apache.org/) as an addi-
tional database to index all publications from PubMed by
using their abstracts, titles, and authors. Furthermore, we
indexed the biomedical entities of these publications by
using PubTator Central (Wei et al. 2019). The integration
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2,056 papers rejected or withdrawn from NSAP between
2015 and 2021 were tracked

|

952 of those were identified that were published
elsewhere

!

11 papers had strongly dissenting authors in the
published version compared to the NSAP version

|

10 publications are potential fake papers

Fig.1 Workflow overview

of PubTator Central allowed the consideration of different
names for the same biomedical entity. PubTator Central was
also used to identify the biomedical entities of the NSAP
titles and abstracts. Solr was then queried, using the titles,
abstracts, and biomedical entities of the NSAP manuscripts
to find further similar publications.

Semantic similarity was also taken into account through
the use of abstractive summarization methods and the
integration of PubTator Central. To find resubmissions
among the publications we retrieved, we compared titles
and abstracts of these publications to those of the NSAP
papers using a combination of different approaches. We
calculated the Jaccard coefficient to identify resubmissions
based on textual similarity. The Universal Sentence Encoder
was used to integrate semantic similarity (Cer et al. 2018).
Moreover, we trained an LSTM using a pre-trained Fast-
Text model for the embedding, in which similar words lie
close together in the embedding space (Bojanowski et al.
2017). We then automatically preselected all resubmissions
that had a different list of authors than their corresponding
NSAP submissions.

Evaluation of the identified cases

To verify that papers discovered automatically were indeed
versions of the corresponding manuscripts that were submit-
ted to NSAP, we performed a manual follow-up evaluation.
For this purpose, we marked identical text, identical fig-
ures, differences in content, and paraphrasing with different
colors. We then verified that we had detected publications
of the same papers submitted to NSAP.

The similarity of authors was calculated using the Jac-
card coefficient (number of consistent authors appearing in
both versions of a paper divided by the number of authors
in both versions of a paper). A similarity of 1 means that
the list of authors is identical in both versions. A similarity
of 0 means that the lists of authors are disjunct. According
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to this measure, we selected papers with discrepancies in
authorship of more than two thirds.

Communication with authors and journals

We contacted the authors and journals of the suspected
cases. We wrote to a corresponding author of each publica-
tion with some simple questions related to the content of the
paper. These emails were sent on March 30, 2023. Our aim
was to verify the validity of the email addresses provided
and to assess the authors’ familiarity with the publication.
We pretended to be doctoral students conducting research
in a similar field. We also informed the journals that had
published these papers about our findings, bringing the
authorship manipulation to their attention and asking them
to investigate these cases. The emails to the journals were
sent on March 15, 2023, by the editor-in-chief of NSAP to
ensure an official and reputable appearance. The editors-in-
chief of the respective journals received a detailed report on
our findings as well as the highlighted versions of the NSAP
paper and the published paper so that they could quickly
make up their own opinion.

Results
Paper overview

In total, 2056 unpublished manuscripts submitted to NSAP
were investigated, of which 203 were withdrawn by the
authors and 1853 were rejected by NSAP (Fig. 2). We
identified 952 resubmissions using majority voting of all
classifiers described above. In 11 cases, the list of authors
differed with a Jaccard coefficient of more than two thirds.

Fig.2 Proportion of potential
fake papers

We manually identified 10 papers having similar content
(Table 1, Supplementary Figures S1-S10). We ordered the
papers as follows: First come the papers where all of the
authors were replaced (1,2,3,4) and then the papers where
some of the authors were replaced (5,6,7,8,9,10). In seven
cases (1,2,4,5,7,8,9), the text of both paper versions was
almost identical (Table 2). In three cases (3,6,10), the text
differed more. In the latter, there were completely differ-
ent sections and some text was paraphrased. In all cases,
there were identical figures in both versions, even if not
all figures were always identical. Furthermore, we found a
second published version of Paper 4 that had already been
withdrawn (Yang et al. 2022 https://onlinelibrary.wiley.com/
doi/10.1002/jbt.23057) (Table 1). We had no possibility to
access that paper, but the title and authors were identical to
the NSAP version.

The incriminated papers were either original articles
1,2,3,4,5,7,8,9) or reviews (6,10) and were published by
various publishers (Table 1).

NSAP did not publish the papers for various reasons
(Table 3). Two papers were withdrawn by the authors
without explanation (2,3), one was considered withdrawn
because the authors did not report back to NSAP (1), and in
one case we did not find out the reason for the withdrawal
(5). Rejections occurred, when original data requested by the
reviewers or editors were not provided (4,9) or when signs
of plagiarism were detected (6,8). Reviewers also criticized
a paper as deficient (10) or even raised concerns about data
credibility (9).

All papers were published between 2016 and 2022
(Fig. 3). In five cases (3,4,6,8,10), the papers were submitted
to the finally publishing journals no more than a year after
rejection/withdrawal by NSAP. In one case (9), however,
more than 4 years had passed. It is also noticeable that two

A total of 2,056 papers
were tracked

/\\

203 withdrawn papers
9.87 % of the total papers

! l

4 potential fake-papers
0.19 % of the total papers

1,853 rejected papers
90.13 % of the total papers

6 potential fake-papers
0.29 % of the total papers

1.97 % of the withdrawn papers
are potentially fake

0.32 % of the rejected papers
are potentially fake
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Table 1 Publications overview

Paper No. Article Type: Title of NSAP Version Title of Published Version Bibliography Journal Publisher
receptor antagonists- receptor antagonist Fundamental &
1 Original Article mediated cognitive improvement in a mediated cognitive improvement in a Chen L, Shi R, She X, Gu C, Chong L, Zhang L, Li R. Fundam Clin Clinical Wiley
mouse model of Alzheimer's type: [l mouse model of Alzheimer’s type: [JBBBIBI8 | Pharmacol. 2020 Dec;34(6):697-707. doi: 10.1111/fcp.12576. oh |
of BONF-H25-Nrf2 signaling of BONF-H25-Nrf2 signaling armacology
Ligustrazine Attenuates Myocardial . . . . . -
- ) Injury Induced by Coronary Ligustrazine Attenuates Myocardial Injury | ¢\ x ve 7. Oxid Med Cell Longev. 2019 May 2;2019:6791457, | OXdative Medicine N
2 Original Article 9 R Induced by Coronary Microembolization in . and Cellular Hindawi
Microembolization in Rats by Rats by Activating Il PI3K/Akt Pathway doi: 10.1155/2019/6791457. Longevity
Activating PI3K/Akt Pathway
Long non-coding M aggravates Long non-coding HVA- aggravates
. . acute lung injury promoting acute lung injury 8§ promoting Sun Q, Luo M, Gao Z, Han X, Wu W, Zhao H. BMC Pulm Med. 2021 BMC Pulmonary .
3 Original Article i ion and cell is via i ion and cell is via Jul 14;21(1):236 doi: 10.1186/512890-021-01589-1. Medicine Springer Nature
regulating miR-26a-5p/TLR4 axis regulating miR-26a-5p/TLR4 axis
effect of N-acetyl- Fundamental &
seryl-aspartyl-proline and vasoactive Cai J, Chen Q, Mehrabi Nasab E, Athari SS. Fundam Clin Clinical Wiley
[REREE offect of N-Acetyl-Seryl- intestinal peptide on Pharmacol. 2022 Dec;36(6):1005-1010. doi: 10.1111/fcp.12811. Pharmacology
. Aspartyl-Proline and Vasoactive i
4 Original Article . . n >
Intestinal Peptide on [EBBB Withdrawn: Therapeutic effect of N-Acetyl- Journal of
pathophysiology Seryl-Aspartyl-Proline and vasoactive Yang Y, Zhang R, Zhu W, Yin Z. J Biochem Mol Toxicol. 2022 Dec Biochemical and Wiley
intestinal peptide on COPD 5:€23057.doi: 10.1002/jbt.23057. Molecular
i Toxicology
Dalbergioidin ameliorates doxorubicin- | Dalbergioidin Ameliorates Doxorubicin- RenX, Bo Y, Fan J, Chen M, Xu D, Dong Y, He H, Ren X, QuR, Jin ¥, | (/o =~
5 Original Article induced renal ﬁbrosis. suppressing Induced Renal Fibrosis . Suppressing the Zhao W, Xu C. Mediators Inflamm. 2016;2016:5147571. doi: | 2 1 or;o Hindawi
the TGF-B signal pathway TGF-B Signal Pathway 10.1155/2016/5147571. nlammation
S ——
. X - . L olim HML, de Medeiros , Ferreira PMP, Rouf R, Uddin SJ, N
6 Review dy“mc“&cv‘“mx'”w' berspection W Mubarak MS, Melo-Cavalcante AAC. [UBMB Life. 2018 1UBMB Life Wiley
Nov;70(11):1084-1092. doi: 10.1002/iub.1932.
The Signaling of Protease Activated The signaling of protease-activated
- ) Recep%or—z fctivating Peptide-Induced receptgor—z agctivapﬁng peptide-induced Ha HS, Lee SE, Lee HS, Kim GH, Yoon CJ, Han Js, Lee JY, Sohn UD. Archives of )
7 Original Article | g St s S Arch Pharm Res. 2017 Dec;40(12):1443-1454, doi: Pharmacal Research | SPringer Nature
10.1007/512272-017-0975-1.
Muscle Cells muscle cells
Naringenin attenuates cerebral Naringenin attenuates cerebral Ischemia- Research Journal of
s Original Article ischemia-reperfusion injury through Reperfusion injury through Inhibiting Prabhakar, 0. Research 1. Pharm. and Tech. 2021 July;14(7)3751- | o 2002 AandV
inhibiting oxidative stress and oxidative stress and Inflammation in 3756. doi: 10.52711/0974-360X.2021.00649 Technology Publication
i in diabetic rats Diabetic Rats
Izrenzzt:;t;’i Gl Ofr:tlt::::brd T iz P"{;:fg‘;fj::ﬁ /°Rf|:}:er§'" Compound |\ 7y vang z8, Zhang R, Luo XJ, Peng J. CNS Neurol Disord Drug CNS & Neurological
9 Original Article injury modulation of miR- Modulation of miR- Targets. 2023;22(1):137-147. doi: Disorders - Drug Bentham Science
82b/NOXA patfiway 52b/NOXA Pathway 10.2174/1871527321666220324115848. Targets
— - R Tiwari N, Upadhyay J, Ansari MN, Raza 5S, Ahmad W, Ansari MA. CNS & Neurological
10 Review ‘r’"f;:::" et aEKpeHmenH| E’;”:Z&:"m Vaseular | < Neurol Disord Drug Targets. 2021;20(7):657-672. doii: Disorders - Drug Bentham Science
B 10.2174/1871527319666210108123438. Targets

Identical parts of the titles in both paper versions are highlighted in yellow. Differences are highlighted in red

Table 2 Similarity of authors, text, and figures

Paper No Authors (Jaccard coef-  Text Figures
ficients)

1 0.00 v v
2 0.00 v v

3 0.00 ) v
4 0.00 v v

5 0.33 v v
6 0.08 ™) v
7 0.19 v v

8 0.25 v v
9 0.27 v v
10 0.25 ) )

Text: v/, almost equal; (v), partially equal or rephrased. Figures: v/,
identical; (v'), changes in figure design, but not in content

manuscripts (1,2) were submitted to two journals at the same
time, which violates NSAP’s submission guidelines (https://
www.springer.com/journal/210/submission-guidelines).

Exchanged authors
In all 10 cases, the authors of the papers differed signifi-
cantly between the version submitted to NSAP and the pub-

lished version (Fig. 4 and Table 2). In four cases (1,2,3,4),
all authors had been exchanged. In six cases (5,6,7,8,9,10),

@ Springer

only some of the authors had been exchanged, but consider-
ing the small difference between the two paper versions, the
lists of authors were far too different to be legitimate. In all
cases, the changes in authorship went beyond what is usual
in pharmacology (Table 4). In seven cases (1,2,3,4,5,8,10),
at least one of the two versions of a paper contained an
Author Contribution Statement, explaining in detail how
each author was involved in the research. These statements
cannot be true. Paper 4 even included a statement guarantee-
ing all data had been generated by the stated authors and not
by a paper mill. Since the lists of authors in both versions
are completely different, this is obviously not true. In six
cases (1,2,3,4,8,10), all exchanged authors were replaced
by authors from other institutions (Fig. 5). In the other four
cases (5,6,7,9), some but not all authors were exchanged for
authors from the same institution. In three cases (6,9,10),
even the institutions of some remaining authors changed.
The authors came from several countries (NSAP version/
published version). Most of them were from China (30/35),
South Korea (11/8), India (8/6), and Brazil (1/6), but in the
published versions there were also authors from Saudi Ara-
bia (0/3), Vietnam, Iran, and Bangladesh (0/2), and Jordan
(0/1) (Fig. 5 and Table 5).

Communication with authors and journals

Contacting the authors and journals that had published
the papers was not very successful (Table 6). More than
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Table 3 Reasons for rejection/withdrawal at NSAP

Paper No  Reason
1 The paper was considered withdrawn as the authors did not respond to the revision instructions and ignored several attempts to
contact them
2 The paper was withdrawn by the authors without giving a reason
3 The paper was withdrawn by the authors without giving a reason
4 The paper was rejected since the authors did not provide original data
5 The paper has been withdrawn by the authors. Unfortunately, we did not find out if the authors gave a reason for the withdrawal
6 The paper was rejected because plagiarism was detected. In addition, the reviewer did not find it useful or novel
7 The paper was rejected. Unfortunately, we did not find the reason in the rejection report
8 The paper was rejected because it contained a number of phrases taken from other published papers
9 The paper was rejected since the authors did not provide data requested by the reviewers. Furthermore, reviewers reported concerns
about the credibility of some data
10 The paper was rejected because reviewers criticized language, form, and content as deficient
1 w
2 [ |
w
3 w
4 r ] Submitted to NSAP
g Submitted to other journal
5 5 w 1
o Submitted to NSAP in 2016
o — (exact submission and
6 r rejection-/withrawal date
is unknown)
7 r |
8 r
9 r
10 r
03/2016  09/2016  03/2017  00/3017  03/2018  09/2018  03/2019  08/2019  03/2020  09/2020  03/2021  00/3021  03/3022  09/2022

Fig.3 Timeline of the publication process. Each timeline starts with submission to a journal and ends with either rejection (r) or withdrawal (w)

at NSAP or publication in another journal

4 months after addressing the corresponding authors of
each paper, we still had not received a single answer. In
one case (6), we got a message that the email address did
not exist. Furthermore, only two journals answered (5,7). In
one case (5), the editor-in-chief as well as the publisher’s
research integrity team responded after 1 and 3 days, respec-
tively, promising to investigate the matter, but then nothing
happened anymore. The other journal (7) responded after
79 days. We have been informed that they had investigated
the case and found misconduct in the authorship of the NSAP
version, but not in the published version. A paper mill was
not involved in their opinion.

Consequences of our attempts

By August 01, 2023, not a single paper has been retracted or
flagged with notes of concern.

Discussion

Our results reveal that there is a practice of submitting
papers to multiple journals, but with different authors.
We identified 10 publications of papers also submitted to
NSAP, but with extensively differing lists of authors. In
most cases, text, figures, and tables were nearly identical
to the NSAP version (Supplementary Figures S1-S10). We
did not receive an answer from any of the corresponding
authors we contacted. Of the journals we informed about
our findings, only two responded to us.

Else (2023) reported on online advertisements how
to purchase authorship in scientific papers. One of the
authors of this paper (RS) recently received an email,
probably from a paper mill, offering to buy his papers to
publish them under different authors’ names for $2000
per paper. Alternatively, he could remain the author and

@ Springer
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Fig.4 Author comparison. The Paper 1 Paper6

authors were pseudonymized

|
|

by letters. If an author appeared first author A z first/corresponding single author A A first/corresponding
in both VeI'SiOnS Of a paper, the first author B Y co author 4 co author
. co author C X co author Y co author
same letter was assigned and coauthor b W |co author X |co author
marked in yellOW. The pSeudO- co author E \ co author W co author
. last/c F Y co author \2 co author
nyms refer only to both versions "A and B conducted experiments and T last author v co author
of a paper. Author A from collected data. Cand D wrote the T |coauthor
. . . mnaucript. E helped in data analysis. F S co author
publication 1 has nothing to do coceived the project and edited the R coauthor
with author A from publica- [ Q_[coauthor
P last author

tion 2. If available, the Author
Contribution Statements were b Paper2
highlighted g

Paper 7

|

A first/ce

co author B Y co author first author A A first author
co author [ X last author first author B G first author
last author D co author C z co author
"Aand B conceived and designed research. <o author L Y [coauthor
Cand D conducted experiments. B co author 3 X co author
contributed new reagents or analytical co author F w co author
tools. D analyzed data. A wrote the co author G \2 corresponding
manuscript. All authors read and approved o author H K last/corresponding
the manuscript." o author |

co author J

last/corresponding K

corresponding
last/corresponding

Paper 3
c
h Paper 8
first author A z first author
first author B Y first author
last/corresponding c X co author first/cor A A single author
w co author co author B
vV co author co author C
U last/corresponding last author D
"A, B and C conceived and designed N K )
research. A and B conducted experiments. A|'Zand Y conceived and designed the "A conceived and designed research. A, B
and B analyzed data. A and B wrote the experlmerﬂs. Z,Y,X, W, V,and U performed and € conducted experiments. A
manuscript. All authors read and approved |the experiments. Z,Y, and U analvzed.the s T
the manuscript.” data. Z, Y, and U drafted the manuscript. All reagents or analytical tools. A, B, C and D
authors agreed to be accountable for all M
analyzed data. A, B wrote the manuscript.
aspects of the work. All authors have read
and approved the final manuscript."
i Paper 9
Paper 4
d
first author A z first author
first author A z first author co author B B co author
co author B Y first author co author C Y co author
co author C X co author o author D H corresponding
last/corresponding D W last/corresponding co author E I last/corresponding
ol i ithor F
" o . . "Z,Y, X, and W have participated in the coau
B B,‘C, phass péﬂlclpated»ln GckE, design, examination, testing, analysis, and co author G
testing, analysis i ) N ™
N ; drafting the manuscript. Z and Y supervised cor H
and drafting the manuscript. A and D -
) the study. The authors declare that all data last/corresponding |
supervised the study. The authors declare o
. 'were generated in-house and that no paper
that all data were generated in-house and - o
» I mill was used. Z and Y have equal position
that no paper mill was used.’ "
as the first author.
. Paper 10
]

e Paper 5 first/corresponding A A first author
co author B B co author
co author L] z corresponding

first author A 4 first author last author D Y co author
first author B Y first author "A, B designed and wrote the manuscript X co author
corresponding c X first author which was revised and reviewed by C and w last author
last/corresponding D w first author D."

A co author

B co author

4 co author

u co author

T co author

C co author

S

D

"A had the initial idea for the project. Z, Y, X,

nd W did all the experimental work. S
provided guidance throughout the work. V,
U, T, and C analyzed the experimental data.
A and B gave some suggestions about how
to arrange the figures. D drafted the
manuscript. D and W provided funding. Z, Y,

, and W i equally to this work

d are to be i first authors."
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Table 4 Comparison with usual authorship changes

Usual changes of authorship in pharmacology:
First author
Usually remains the same

Co author

Usually remains the same, additions are possible if new
data are presented

Last author

Usually remains
the same

Do the changes in the authorship of the identified cases correspond to usual changes?

Paper No First author Co-author Last author
1 No No No
2 No No No
3 No No No
4 No No No
5 No No, new authors have been added, but no new data have Yes
been presented
6 Yes Yes, but the number of co-authors added does not fit the No
amount of new data
No No Yes
Yes No No
No No Yes
10 Yes No No
No. of deviations 7 8 7

Usual changes in authorship of pharmacological papers are indicated by the editor-in-chief of NSAP, based on many years of experience

publish the work himself, but with credit to other authors
provided by the sender of the email, for $1000. The full
text of this very revealing email is attached to this article
(Supplementary Figure S11). Given this and considering
how extensively the authors were exchanged in the stud-
ied papers, we suspect a paper mill was involved in the
publications we discovered. In the cases where all authors
were exchanged, it is virtually impossible to imagine any
other explanation than the involvement of a paper mill.
In the other cases, authors were still exchanged far too
extensively to be explainable given the minor “scientific”
changes between the submissions. This impression is rein-
forced by the fact that the institutions involved in a paper
were also often changed arbitrarily between submissions,
and in some cases, institutions from completely different
countries were added. Of course, that could also be a case
of misconduct without a paper mill being involved. Possi-
bly, customers pay for a specific journal. If the publication
in the desired journal (NSAP in our case) is unsuccess-
ful, some authors may decide not to participate further.
Another reason for changing authors may be that it makes
it more difficult for publishers to notice simultaneous sub-
missions of a paper to multiple journals. Springer Nature,
for example, relies on author names for their paper track-
ing software.

It is not allowed to submit a paper to more than one jour-
nal at the same time. However, in two cases (papers 1 and
2), we proved that a paper had been submitted simultane-
ously to NSAP and another journal. Submitting a paper to

different journals simultaneously increases a paper mill’s
chances of a quick publication. This takes advantage of the
fact that it is very easy to withdraw a paper from considera-
tion for publication in a journal. An author can withdraw a
paper anytime in the peer review stage without giving an
explanation. Thus, once a dually submitted paper has been
accepted in one journal, it can easily be withdrawn from
the second journal without raising suspicion of scientific
misconduct. Even simply not responding to emails from the
journal is sufficient to ultimately achieve a withdrawal. This
is certainly a weak point in current peer review procedures
of journals. In the case of the withdrawn publication 4, the
withdrawal may have come too late, so that the paper was
public twice for a short time with different lists of authors.
We found a higher proportion of potential fakes in the with-
drawn papers (1.97%) than in the rejected papers (0.32%)
(Fig. 2), supporting the view that withdrawal from a journal
in the peer review stage is an important tool of paper mills.
In this way, paper mills waste the time of editors and review-
ers alike.

There may be legitimate reasons why the authors did not
respond to us, but it could also be that the email addresses
were not assigned to real persons or that the authors were
unable to answer our content-related questions. However,
reputable scientists take responsibility for their publications
and are reachable for requests relating to their work.

The lack of reaction from most of the journals we con-
tacted may be due to three reasons. First, journals may
not be sufficiently aware of the fake paper problem and

@ Springer



Naunyn-Schmiedeberg's Archives of Pharmacology

Paper 1

|
|

Paper 6

A China I X China z A Brazil 1 X Vietnam A
B China 11 X China Y IX India z
C China 111 X China X VIII India Y
D China v X China s 1 Brazil X
E China \Y% X China \ 1 Brazil W
F China VI X China U 1 Brazil \
X China T X&I1 Vietnam, Brazil U
1 Brazil T
VII Bangladesh S
b Paper 2 VI Bangladesh R
v Jordan Q
1 Brazil P
A China 1 X China z
B China 11 X China Y
C China 111 X China X Paper 7
A Korea 1 1 Korea A
c Paper 3 B Korea 11 I Korea G
C Korea 1 1 Korea z
D Korea 1 1 Korea Y
A China 1 X China z E Korea 1 1 Korea X
B China 1T X China Y F Korea 1 1 Korea W
C China 111 X China X G Korea 1 1 Korea \
X China W H Korea 1 1 Korea K
X China \ | Korea 1
X China U J Korea it
K Korea 1
d Paper 4
Paper 8
B China 1 1X China Y A India 1 1 India A
C China 1 VIII Iran X B India 1T
D China I VII Iran W C India 11
D India 1T
Paper 5
B China 1 X China Y A China T&I1 1&X China z
C China 1 IX China X B China I & IIT 1 China B
D China I VIII China w C China 1 X China Y
1& VIl China A D China 1 X China H
1& VI China B E China 1 1 China |
1T China \ F China 1
VII China U G China v
1& VII China T H China 1
1& VIl China € | China 1
X China S
11 & VII China D

Fig.5 Comparison of the authors’ institutions. The institutions were
pseudonymized by Roman numerals. Institution II from publication 1
has nothing to do with institution II from publication 2. If an institu-
tion appeared in both versions of a paper, the same Roman number
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Paper 10

|

A India I X &IX India A
B India 1 VIII India B
C India I Vil Saudi Arabia z
D India 1 VI India Y
v Saudi Arabia X
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was assigned and marked in green. Hospitals affiliated to a university
were considered as a separate institution but just a different institute
of the same university or hospital were considered the same institu-
tion. The authors are pseudonymized by letters (see Fig. 4)
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Table 5 Origins of both paper

N NSAP Published
versions
Paper No Country  No. of authors  No. of Country No. of authors ~ No. of
institu- institu-
tions tions
1 China 6 6 China 7 1
2 China 4 3 China 3 1
3 China 3 3 China 6 1
4 China 4 1 China, Iran 4 4
5 China 4 2 China 12 6
6 Brazil 1 1 Vietnam, India, Brazil, 12 7
Bangladesh, Jordan
7 Korea 11 3 Korea 8 1
8 India 4 2 India 1 1
China 9 4 China 5 2
10 India 4 1 India, Saudi Arabia 6 7

Hospitals affiliated to a university were considered as a separate institution but just a different institute of
the same university or hospital were considered the same institution

Table 6 Communication with authors and journals

Paper No Author response Journal response Response time

1 No No

2 No No

3 No No

4 No No

5 No Yes, we received feedback from the editor-in-chief and Editorial: 1 day
from the research integrity team of the publisher. It was ~ Research
promised to investigate the case integrity team:

3 days
6 No, but we received a message that the No
email address is invalid

7 No Yes, the editor-in-chief reported us that the case had been  Editorial: 79 days
investigated. The journal concluded that there had been
misconduct in the authorship of the NSAP version,
but not in the published version. A paper mill was not
involved in their opinion

8 No No

No No
10 No No

All journals and authors were contacted on March 15 and March 30, 2023, respectively. The table is of August 01, 2023

the sale of authorships. Second, journals may shy away
from the tedious and time-consuming work associated with
the professional handling of fake paper cases. Third, jour-
nals may fear loss of reputation should fake paper cases
become public. In any case, paper mills probably use these
three possible explanations at the advantage of their busi-
ness model.

It is important that the affected journals mentioned in this
study (Table 1) investigate these cases and, if applicable,
retract them or at least post notes of concern. The publica-
tions we identified were downloaded up to more than 1000
times and cited up to more than 20 times (Table 7), so they

already polluted the scientific record and will continue to do
so without retraction notes.

We identified about 0.5% of the investigated papers as
potential fakes. This is much less than other estimates of the
fake paper share, ranging from 2% (COPE & STM 2022)
to 28% (Sabel et al. 2023). However, even at our relatively
low rate, 14,500 papers could have been fake in 2020 alone
as 2.9 million scientific articles were published that year
(White 2021).

Our method can detect purchased authorships if the list of
authors of a paper changes substantially between submitted
versions. Since there may be legitimate reasons for adding
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Table 7 Scientific impact of the publications

Paper No No. of citations No. of
(Semantic Scholar) downloads

(Journals’
websites)

1 9 —

2 23 989

3 7 1094

4 0 228

5 16 996

6 18 —

7 10 478

8 1 —

9 2 25

10 1 64

Mean: 8.7 553.43

The table is of August 01, 2023

or removing an author between two submitted versions of a
paper (Table 4), we looked only for publications with lists of
authors differing by a Jaccard coefficient of more than 0.66.
We only know of two submitted versions of each paper (the
one submitted to NSAP and the published one), but there may
be further versions, submitted to other journals. This hypoth-
esis is supported by the fact that in case of paper 9, 5 years
passed between the NSAP submission and the final publication.
Probably, (unsuccessful) attempts were made to publish paper
9 in other journals during this time. We were limited to search-
ing for titles and abstracts in public databases that were similar
in content to the titles and abstracts of the unpublished NSAP
papers. If titles and abstracts had been changed too much
between the submissions, we might not have discovered these
publications even if the remainder of the paper was identical.

Recommendations for publishers and scientific
journals

There is a large market for fake authorships in scientific
papers (Else 2023) and experienced through emails from
paper mills (Supplementary Figure S11). It is possible to
detect fake papers if the list of authors changes extensively
between submissions to different journals. Currently, paper
mills take advantage of the fact that journals do not know
about submissions to other journals and that withdrawn and
rejected papers are not publicly available. The case of the
withdrawn paper (4), which was probably published by mis-
take but is now no longer available, shows that paper mills
are interested in concealing their previous submissions of a
paper because this is an essential part of the business model.
Therefore, publishers urgently need to collaborate and build
a common database of all submissions they receive, includ-
ing rejected and withdrawn papers. Resubmissions could be
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identified more accurately the more parts of a paper were
shared in this database with other publishers. At least titles,
abstracts, and authors should be shared among different pub-
lishers. As a side effect, papers that were illegally submitted
to several journals at the same time and thus unnecessar-
ily waste editorial resources could be identified. The Inter-
national Association of Scientific, Technical and Medical
Publishers (STM) is currently testing a tool that is meant
to automatically detect whether the same paper has been
submitted to multiple journals simultaneously. This tool
works by sharing data on submissions among publishers
(Else 2022). Perhaps this tool could also be used to search
for exchanged lists of authors.

Independently of such collaboration across different pub-
lishers, every scientific journal can make immediately its
own contribution to the integrity of the scientific record.
Specifically, scanning for extensive changes in the lists of
authors of withdrawn and rejected papers in the files of any
given journal versus finally published paper versions in other
journals is a simple approach to detect potential fake papers.
The strategy delineated in this paper is suitable to identify at
least a part of the fake papers published until now.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00210-023-02741-w.
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