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ABSTRACT

OBJECTIVES

To describe retracted papers originating from paper
mills, including their characteristics, visibility, and
impact over time, and the journals in which they were
published.

DESIGN
Cross sectional study.

SETTING

The Retraction Watch database was used for
identification of retracted papers from paper mills,
Web of Science was used for the total number of
published papers, and data from Journal Citation
Reports were collected to show characteristics of
journals.

PARTICIPANTS

All paper mill papers retracted from 1 January 2004
to 26 June 2022 were included in the study. Papers
bearing an expression of concern were excluded.

MAIN OUTCOME MEASURES

Descriptive statistics were used to characterise the
sample and analyse the trend of retracted paper
mill papers over time, and to analyse theirimpact
and visibility by reference to the number of citations
received.

RESULTS

1182 retracted paper mill papers were identified. The
publication of the first paper mill paper was in 2004
and the first retraction was in 2016; by 2021, paper
mill retractions accounted for 772 (21.8%) of the 3544
total retractions. Overall, retracted paper mill papers
were mostly published in journals of the second
highest Journal Citation Reports quartile for impact
factor (n=529 (44.8%)) and listed four to six authors
(n=602 (50.9%)). Of the 1182 papers, almost all listed
authors of 1143 (96.8%) paper mill retractions came
from Chinese institutions and 909 (76.9%) listed a
hospital as a primary affiliation. 15 journals accounted
for 812 (68.7%) of 1182 paper mill retractions, with

WHAT IS ALREADY KNOW ON THIS TOPIC

scarce

Evidence regarding paper mills organisations and articles produced by them is

Information is needed about the characteristics of paper mill articles to identify
and retract them, thus allowing the scientific literature to be corrected

WHAT THIS STUDY ADDS

This study analyses the evolution of paper mill papers, their characteristics, and
their visibility in the scientific community

Retractions of paper mill papers are increasing in frequency and some of them
are of highly cited papers, with the potential consequences that this entails

thebmyj | BMJ 2022;379:e071517 | doi: 10.1136/bmj-2022-071517

one journal accounting for 166 (14.0%). Nearly all
(n=1083, 93.8%) paper mill retractions had received
at least one citation since publication, with a median
of 11 (interquartile range 5-22) citations received.

CONCLUSIONS

Papers retracted originating from paper mills are
increasing in frequency, posing a problem for the
research community. Retracted paper mill papers mosg-
commonly originated from China and were published =
in a small number of journals. Nevertheless, detected =
paper mill papers might be substantially different from&
those that are not detected. New mechanisms are
needed to identify and avoid this relatively new type
of misconduct.
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Introduction
Scientific misconduct, which includes plagiarismy~
fabrication, and falsification of data or images, is they
most common cause of retraction of biomedical papers.* ’g
Fraudulent papers have negative consequences for theg
scientificcommunity and the general public, engenderingg
distrust in science, false claims of drug or device efficacy~
and unjustified academic promotion, among othe
problems. Moreover, misconduct encompasses othely
unethical practices that are often difficult to detect, suck%
as undeclared competing interests, authorship issues,3
and duplicated publication.’ 5
As scientific findings evolve and publication of sciencgg
is modernised, new types of misconduct and frau&I“>
emerge. One example is the use of the so-called papeg
mills. In scientific publishing, the term paper mill referd.
to for-profit organisations that engage in the large scales'
production and sale of papers to researchers, academicsy?
and students who wish to, or have to, publish in peeg
reviewed journals, both national and internationaly,
Many paper mill papers included fabricated data.* We§'
refer to this process as ghost fabrication to distinguish_T‘T'
the process from ghost writing. 1
According to the Committee on Publication Ethic$3-
(COPE), these organisations prepare manuscripts an(g
seek to sell them. In some cases, they sell the authorshi]g
before publication, they then handle the submissiorp’
and the peer review process. Other organisations selfn
the authorship after the manuscript has been accepted
for publication in a legitimate scientific journal. When
this scenario occurs, the organisation includes the
author or authors who bought the authorship on the
list of named authors, which amounts to a (sometimes
total) change in authorship.” In addition to selling the
authorship of scientific papers, these organisations
offer other services, ranging from making available or
fabricating a database on which a study can be based,
to falsifying a journal peer review so as to enable a
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paper to be published more easily.” Paper mills have
now broadened their service portfolio by offering
citations to papers already published by researchers on
their own studies.® Some of these organisations claim
to have links with scientific journals, thereby ensuring
publication of the manufactured manuscript.” ®

Paper mill papers are a growing problem with
important potential consequences because they
amount to systematic manipulation of the scientific
publication process, as well as dissemination of false
results. Additionally, publication of paper mill papers
artificially inflates researchers’ curriculum without
merit and diminishes trust in the scientific enterprise.
This type of fraud has already given rise to various
retractions and Retraction Watch, a well known
organisation with a blog of retractions that dates
from 2010, maintains a database of retracted articles
that includes paper mill publication as a reason for
retraction since 2021.° As a relatively novel situation,
the way of working and characteristics of these paper
mills are not very well known, although Retraction
Watch has published the results of a research into how
the best known paper mill in Russia operates.'® Even
so, little is known about what types of authors use the
services of paper mills, in what types of journals they
publish, in which fields, and the prestige of the journals
in which they publish, based on their impact factor.

Thus, our objective was to analyse the trend in
papers retracted for originating from paper mills; to
characterise the papers retracted for this reason, along
with the journals in which they were published; and to
analyse their impact and visibility by reference to the
number of citations received.

Methods
Study design and data collection
We conducted a cross sectional analysis of all papers
retracted for being paper mill papers, from 1 January
2004, the year of publication of the first paper mill
paper identified, until 26 June 2022, the date when we
last accessed the database. These papers were identified
via the Retraction Watch database,’ using the filter
“Reason for retraction” and choosing the option “Paper
mill.” We included all papers retracted for this reason
and excluded papers bearing an expression of concern,
where scientific misconduct had not been confirmed.
All the variables of interest were collected and
stored in a purposely designed database. To conduct
this study, we used three main data sources: the
Retraction Watch database, Web of Science, and
Journal Citation Reports (both belonging to Clarivate
Analytics). Additionally, we consulted the full text of
the papers included to record information related to
the characteristics of the paper, such as the date of
submission and publication, authors’ statement of
funding, and competing interests.

Retraction Watch database

Retraction Watch tracks scientific publications,
regardless of language, that have been retracted and
aggregates them into a publicly available database,
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including different variables of interest extracted by
their staff. This database includes more than 30000
retractions and expressions of concern.’

The Retraction Watch database has higher coverage
of retractions than PubMed and CrossRef because these
databases use different sources to detect retracted
articles and notices of retraction. The main sources
for the identification of retractions are publishers’
and editors’ websites, but reports of scientiﬁc:!:
integrity investigations, social media sites, and tipsp
from their blog followers are also checked. Staff a%
Retraction Watch use PubMed and Web of Science t%
double check the retractions. To identify retractions;<
staff at Retraction Watch run protocolised manua
searches daily using keywords such as “retraction,’<
“withdrawn,” or “retracted paper.”

Retraction Watch uses mainly the informatiom™
included in the notice of retraction to classify3
retractions into different reasons. Retraction Watche’
also manually checks other sources for clarification of5
information, such as institutional investigation reporté‘_’h
and US Office of Research Integrity reports. ]

In the specific case of paper mill products, Retractiorf;
Watch’s identification is based on several indicators
One is the notice of retraction, some clearly state thats
the paper is from a paper mill, others use a euphemisn%
for paper mill such as “third party editing service.’@
In other cases, journals and publishers retract ag
large number of articles accompanied by an editorial2
indicating that the retracted papers were from papelg
mills. These editorials usually use a similar languageg
stating that the paper “resembles different papers frong-
different authors.” Retraction Watch also uses PubPee
and the list of probable paper mill papers published by3,
Elisabeth Bik and other investigators.'* g

We sourced the total number of papers retracted fof@
any reason per year and the total number retracted fo2>
originating from paper mills per year. For every papelg
retracted for the reason of originating from a pape’5’
mill, we collected the following: title of paper; numbe;g
of authors; authors’ affiliated country; first author’sy
institution; type of institution of first author (hospitalg_
university, research centre); and paper’s date of2.
publication and date of retraction. The last access té-
the database was 26 June 2022.
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Web of Science
We retrieved the total number of papers published pe%
year across the study period (1 January 2004 to 26 Juné,
2022) with no exceptions. For every paper included, we_n"I>
collected the total number of citations received, both
before and after retraction, from date of publication
until 26 June 2022.
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Journal Citation Reports

We gathered data for the journal that published
each paper and its characteristics, such as its name,
Journal Citation Reports impact factor, Journal Citation
Reports category, and relative position by Journal
Citation Reports quartile (ie, the highest impact factor
of journals belonging to the first quartile (or Q1) and
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the lowest impact factor journals to the fourth quartile
(or Q4)), and publication modality (open access or
subscription). Where the journal was included in
more than one category, we chose the highest position
according to the journal impact factor. We categorised
hybrid journals as non-Open Access journals.

Statistical analysis

We used a descriptive analysis of the characteristics
of the retracted papers identified, by reference to the
variables of interest, with continuous variables being
expressed as median and interquartile range, and
categorical variables as absolute number and relative
frequency.

We calculated the publication rate of papers that
were retracted because of paper mills per 100000
papers published in a given year, over the total number
of papers published for the same year. Therefore, we
assessed the proportion of papers mill publications
regarding the total number of publications in each
year of the study period. Additionally, we calculated
the percentage of paper mill papers retracted per year,
with respect to the total number of retractions per year,
to ascertain the proportion of paper mill retractions
compared with retractions for any other reason.

We described the distribution of this type of papers
by Journal Citation Reports category of the journal
in which they were published. We created a ranking
of journals and publishers based on the number of
retracted paper mill papers they published during
the study period. We have determined if the journal
of publication was reliable, that is, not suspected of
being a predatory journal, in the subsample of the
scientific journals that published the most retracted
paper mill papers. To assess the reliability of a journal,
we used the ThinkCheckSubmit checklist (https://
thinkchecksubmit.org/journals).

We calculated the time elapsed between the paper’s
submission and publication and the time elapsed
between the paper’s publication and retraction, in
days. Analysis of the times elapsed between submission
and publication and the times between publication
and retraction were stratified by the Journal Citation
Reports quartile of the journal in which the paper was
published. Similarly, we analysed the total citations

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Year of publication

Fig 1 | Proportion, per 100000, of paper mill papers published and then retracted per
year with respect to total publications
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received by the papers, both overall and stratified by
quartile. All statistical analyses were done using the
Stata version 17.0 computer software programme.

Patient and public involvement
This research was done on agreement with Retraction
Watch, where we committed to use a database under
specific circumstances, including confidential uses,
and to avoid sharing the downloaded database wit LY
third parties. We did not test any especific healthy
intervention or drug, therefore, we did not think tha%
patient or public involvement would be helpful in this*
research.

Results
We identified 1182 retractions of paper mill paper®
from the Retraction Watch database that fulfilled the™
predefined inclusion criteria. During the study perlodg
58278163 papers were published and 33741 were:o_
retracted for any reason, including being a papeis’
mill product; a rate of 57.9 retractions per 100 OO&_’.‘
publications. Figure 1 shows the number of paper milR
papers published per year (and then retracted) with
respect to the total number of papers published in eachp
year. The year of the first publication of an identifieds
paper mill paper was 2004, and the first retraction fo%
this reason took place in 2016. &

The proportion of paper mill papers published pelg
year in the scientific literature has increased, from 0.042
per 100000 in 2004 to its peak of 10.6 per 100 00k

yBuiAdoo Aq

publications in 2019 (fig 1). After 2020, the numbed. "

of these papers decreased in comparison with the®
total number of papers published. The proportion ofS
paper mill retractions to all-cause retractions was low3.
until 2021, the year in which paper mill retractiong-
accounted for 772 (21.8%) of the 3544 retractions (i
2). =

Table 1 shows the main characteristics of retractecﬁ;’
paper mill papers. Just over half of these papers hads.
four to six authors; almost all authors of paper milg
retractions came from Chinese institutions, followedy
by far fewer authors from Indian institutions; anc‘g.
more than three quarters of papers had a first authof2.
who was affiliated with a hospital. The papers wer
mainly published in journals of the second Iournalg_
Citation Reports quartile and were mainly asigned td}
the Journal Citation Reports category of pharmacologyg
and pharmacy. g

Of the 1182 papers, 609 (51.5%) included a funding&.
statement, and of these, 387 (63.5%) reported to havqno
received external funding. Furthermore, 984 (83.2%)
of papers included a declaration of the authors’
competing interests.

Fifteen scientific journals published a total of
812 (68.7%) of all 1182 papers retracted for being
paper mill papers, and 166 (14.0%) were published
in one journal, the European Review for Medicaland
Pharmacological Sciences. Of these, all journals appear
to be non-predatory journals. Of all journals (n=99),
61 (61.6%) were open access journals (table 2): the
highest number of papers published belonging to the

3
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Fig 2 | Percentage of paper mill retractions with respect to total retractions

Wiley publishing group and then Verduci Editore (table
3). Supplementary tables 1 and 2 include information
of all journals and publisher houses.

The time elapsed between the manuscript’s
submission to the journal and its publication varied
according to journal quartile (table 4), from a median
of 115 days (interquartile range 80-144), among
journals of the first quartile, 128 (82-189) for journals
in the second quartile, 163 (119-288) for those in the
third quartile, and 332 (189-447) in fourth quartile
journals. Likewise, the time between publication and
retraction varied; shorter times were noted in journals
of the first and second quartiles, and longer times in
journals of the third and fourth quartiles and those
with no impact factor.

Table 1 | Main characteristics of papers retracted for originatng from paper mills.

Variable No (%) of papers (n=1182)
No of authors:
1-3 315 (26.7)
4-6 602 (50.9)
6 265 (22.4)
Authors’ country:
China 1144 (96.8)
India 17 (1.4)
China and USA 6 (0.5)
China and Germany 2(0.2)
Rest of the world 13(1.1)
First author’s affiliation:
Hospital 909 (76.9)
University 176 (14.9)
Hospital and University 66 (5.6)
Research centre 11 (0.9)
Other 20 (1.7)
JCR quartile:
Q1 350 (29.6)
Q2 529 (44.8)
Q3 248 (21.0)
Q4 25(2.1)
No IF 30 (2.5)
JCR category:
Pharmacology and pharmacy 265 (22.4)
Oncology 162 (13.7)
Biochemistry and molecular biology 145 (12.3)
Education, scientific disciplines 122 (10.3)
Medicine, research, and experimental 103 (8.7)
Other 356 (30.1)
Not indexed in JCR 29 (2.5)

Q=quartile of journal in which the paper was published; JCR=Journal Citation Reports; IF=impact factor.

While 1086 (93.8%) of retracted paper mill papers
received at least one citation, papers published in third
and fourth quartile journals received a higher number
of citations (fig 3). The median number of citations
received by retracted paper mill papers from the date
of publication was 11 (interquartile range 5-22), with
the total ranging from O to 131 citations.

Discussion
Principal findings
Our cross sectional analysis of all papers retracted foig
originating from paper mills until June 2022, identifie
from the Retraction Watch database, suggests that<
these paper mill retractions are increasing in frequencyg
Nearly all authors of these papers came from Chinag
and were predominantly affiliated with hospitals@’
The median time for retraction of a paper mill papes™
was close to two years and increased with the ranking_'
of the journal in which it was published, so that thec

. oo . Q.
higher the Journal Citation Reports impact factor, thes’
shorter the period until retraction. These papers aﬁecﬁ
legitimate journals and does not seem to be exclusive®
to predatory journals. Furthermore, this study showedj
the impact and visibility of these retracted papers‘z
because some were highly cited, with the potentiald
consequences that this entails. To our knowledge, thisg-
is the first study to analyse the growing phenomenor
of paper mill retractions and their characteristics. §

Our findings suggest that the publication of papei®
mill papers increased between 2017 and 2019, whengy
about 5 to 10 were published and eventually retractecd®.
for this reason per 100000 publications. In 20208
the number of identified paper mill papers published®
in the scientific literature fell sharply. This decrease3,
may have occurred for a number of reasons. Firstlyg-
papers published between 2020 and 2022 that migh®
eventually be identified for retraction have not ye®
been identified or retracted. Retraction of a paper take%"
a long time, and more retractions will possibly appeaiS’
in the future. Secondly, as a result of investigationg
initiated in early 2020 by a number of editors andh
researchers,'? the scientific community have becomeg_
aware of the problem, and guidelines have beerf.
published to help editors identify such papers.* Eve
though these guidelines do not enable a paper milE
paper to be unequivocally recognised, they do make§
screening and identification of papers originating fromg
paper mills possible. Hence, numbers might be smalle2
than would have been because scientific journal®,
have improved methods for their identification durin£
editorial review and peer review, thereby preventing
their publication. Thirdly, the increased attention to
this type of fraud might also have deterred authors
from engaging the services of paper mills, because of
the consequences of scientific fraud, especially in some
countries such as China.”> Then again, an increased
exposure could have caused paper mill organisations
to change their mode of operation, thus hindering
detection.'

Although this issue is relatively new, particularly in
The Americas and Europe, for some years now the use
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Table 2 | The fifteen journals with the largest number of papers retracted for originating

from paper mills, according to
they are open access

their Journal Citation Reports quartile and whether or not

No (%) of papers

Journal Citation retracted for originating

Reports Open from paper mills
Journal quartile access (n=1182)
European Review for Medical and 2 Yes 166 (14.0)
Pharmacological Sciences
Journal of Cellular Biochemistry 1 No 134 (11.3)
International Journal of Electrical 1 No 122(10.3)
Engineering and Education
RSC Advances 2 Yes 68 (5.8)
Biomedicine and Pharmacotherapy 1 Yes 50 (4.2)
Cellular Physiology and Biochemistry 1 Yes 49 (4.2)
Molecular Medicine Reports 2 Yes 42 (3.6)
Artificial Cells, Nanomedicine, and 1 Yes 40 (3.4)
Biotechnology
Oncology Reports 3 Yes 40 (3.4)
Journal of Cellular Physiology 1 No 37 (3.1)
Experimental and Therapeutic Medicine 3 Yes 34 (2.9)
OncoTargets and Therapy 2 Yes 30 (2.5)
Bioscience Reports 3 Yes 24 (2.0)
Cancer Management and Research 3 Yes 22 (1.9)
Anatomical Record: Advances in Integrative 3 No 21(1.8)
Anatomy and Evolutionary Biology
Other journals NA NA 303 (25.6)

NA=not available.

of these types of organisations has been widespread in
other countries, such as China.'°*® China encouraged
its researchers to publish papers in return for money
and career promotions.'® Furthermore, medical
students at Chinese universities are required to
produce a scientific paper in order to graduate.’
In fact, these organisations openly advertise their
services on the Internet and maintain a presence on
university campuses, not only in China but also in
other countries, such as Russia.® *®

Perhaps unsurprisingly, most papers retracted
for being paper mill papers come from that same
country. These results are in line with the findings of
other researchers and editors of scientific journals,
although paper mill papers have been reported in
other countries, such as Iran or Russia.® > ¥ The
activity of the largest paper mill organisation in
Russia named International Publisher has recently
been acknowledged.? *° Although this paper mill has

Table 3 | Publishing houses of the journals in which papers retracted for originating from

paper mills were published

Publishing house

No (%) of papers retracted for originating from paper mills
(n=1182)

Wiley 205 (17.3)
Verduci Editore 166 (14.0)
SAGE Publications 153 (12.9)
Spandidos 152(12.9)
Elsevier 93(7.9)
Royal Society of Chemistry 70 (5.9)
Taylor and Francis 56 (54)
Taylor and Francis-Dove Press 54 (4.6)
Cellular Physiol Biochem Press 49 (4.2)
Portland Press 24 (2.0)
Mary Ann Liebert 21(1.8)
Springer 21(1.8)
Other publishing houses 118 (10.0)
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published approximately 1000 papers, its own website
announces that more than 5000 authors have bought
the coauthorship of at least one paper.?

Also, we note that most authors of identified paper
mill papers were hospital affiliated, which is consistent
with previous research.'® The main reason for this
might be that Chinese doctors are not affiliated with
medical schools, but with hospitals. Of note, pressure
to publish is greater in biomedical sciences than otherg
specialties and publications are usually needed to get &
university degree or a promotion in China.*® %

Most paper mill papers were published in pharmacy=>
and clinical medicine journals, but many of them<
were published in basic science journals as well, suchd
as cellular and molecular biology or biochemistrgg
Therefore, this problem not only affects clinica®’
medicine areas. This research has not focused im*
analysing specifically if paper mill papers are publishedd
more frequently on clinical medicine topics or basi&
research. We are of the opinion that this aspect shoulds
be further analysed. According to our results, no majoﬁ
variations over time have been observed in the topic®
covered by the paper mill papers so far. However, thdj;
latest COPE report indicates that this pattern couldd
change, for example in topic areas or types of journalsg
over time.'®

The main problem which paper mill papers pose
for editors and reviewers of scientific journals is th@:
difficulty of identifying them through the peer review®
process because the papers appear to be legitimate;
Analysis of images in a manuscript has been identified@
as one of the possible strategies for detecting paper mil
papers because most images tend to be manipulated o
duplicated, or both.** Although different softwares are3,
capable of detecting image manipulation, paper milkE-
papers often use duplicated images (or stock images)&
1 because they are more difficult to detect thar®
manipulated ones. At present, no software is capabl
of detecting image duplication in a reliable way, thuss’
leaving this task to editors and reviewers. That said3
however, not all papers contain images that allow foi
scrutiny. Another strategy for screening questionableg_
papers is the Problematic Paper Screener software@.
This software identifies so-called “tortured phrases,”—g
that is, unusual phrases instead of established ones,g
which might be an indicator of suspected scientiﬁ(:ﬂ;'
misconduct.’® Also, COPE has published a list o
common indicators for paper mill papers that could®
serve as a screening tool for suspicious articles.® Q

With the aim of preventing and detecting scientiﬁq,,m
misconduct, some countries already have offices
and specific bodies that address aspects relating
to scientific integrity, but many others do not have
structures of this type.”! Countries that have no
body or policies governing scientific misconduct
incur a higher risk of producing fraudulent papers.>>
Countries such as Denmark, Sweden, and China, have
passed laws against scientific fraud. Ironically, China
has the most severe penalties for research fraud. The
paucity of consequences that scientific misconduct has
historically had in this country might have played an
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Table 4 | Time elapsed between publication and retraction of papers retracted for originating from paper mills, both overall and by quartile of journal in
which they were published. Data are median (interquartile range)

Overall time elapsed Q1 Q2 Q3 Q4 No IF
Submission to publication (in days)* 140 115 128 163 332 225

(93-217) (80-144) (82-189) (119-288) (189-447) (158-244)
Publication to retraction (in days)t 891 829 792 1350 1564 907

(0-3229) (223-1933) (0-3121) (181-2707) (676-2130) (0-2234)

IF=Impact factor; IQR=interquartile range; Q=quartile of Journal Citation Reports.
*Missing values=659.
tMissing values=2.

important role in the increase in unethical behaviour,
including the use of paper mills."”” In 2018, after a
number of scandals in China, the law against scientific
fraud was strengthened by imposing sanctions that
go beyond the purely academic and occupational
sphere.”> This tougher approach appears to have
started yielding results and, in December 2021, more
than 300 researchers were reportedly penalised
for scientific misconduct. Among other things, the
penalties included revocation of academic degrees
and cancellation of promotions.?* Because practically
all paper mill papers come from China, these recent
penalties policy might have contributed to the
reduction in the number of paper mills since 2020.

Strengths and limitations

This study had limitations. Retractions of paper
mill papers continue over time. Because of this, our
investigation will need to be updated over time as the
conclusions could well vary as the list of retractions
grows. The characteristics of retracted and non-
retracted paper mill papers can differ, which could
explain why some papers were identified but not others,
although all represent fraudulent science. Another
limitation was the difficulty in assigning the cause of
retraction in some cases, hence misclassification is a
risk. In this study, we have included formally retracted
paper mill papers, not taking into account suspicious
papers (ie, those from the list elaborated by EB and
others) and this might be a limitation of the present
research. However, the inclusion of papers not formally
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Fig 3 | Citations received by papers retracted for originating from paper mills, by
quartile of journal in which they were published based on the impact factor. 24 values
were missing. The box represents the interquartile range of the variable, the horizontal
line inside the box indicates the median, the lower whisker indicates the lowest value
excluding the outliers and the upper whisker indicates the highest value excluding the
outliers. The circles represent the outliers of the variables

6

9101d

retracted might incur in a risk of misclassification og“
those papers if they are not finally retracted as paperg'_
mill products. A limitation regarding the citatiofﬁo
analysis is that citations before and after retractior®
have not been differentiated in this study and this issu&
should be considered in future research. ‘-§_

The main strength of this study was the use of the”
Retraction Watch database to identify retracted papeig
mill papers because this source is the main databases
on retractions and should currently be considereds
as the gold standard for aggregated information 01!&
retracted articles. The Retraction Watch database has®
three times the coverage of PubMed and five timeds
the coverage of CrossRef (Retraction Watch, personaﬁ
communication, 2022). Taking this into account, wep.
consider that the number of missing retractions shoulcg-

be minimal. &

)
Conclusions e
The paper mill papers that we have identified asv

retracted to date possibly represent only a smalB.
number of paper mill papers in total becausey
potentially thousands of these papers could have®
been published in the scientific literature and not yeé
identified nor retracted. Some editors of internationaF:
scientific journals have begun to systematicall{®
identify and retract paper mill papers, which has led®
to mass retractions.?’ 2® The rise of paper mills is a newg
ethical problem in research and, more specifically, irB.
publication ethics. Not only does this issue entail thg
sale of authorship, but these types of papers have als
been observed to contain fabricated and manipulate

data and images, thus disseminating false result

in scientific literature. Efforts must be increased tc=
prevent the use of these paper mill organisations
beginning with improved education in ethics and®
scientific integrity for editorial committees of scientifi§
journals, students, and researchers.
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