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Abstract

Objectives: The aims of this study are (1) to analyze the references cited by retracted papers originated from paper mills; (2) to analyze
the citations received by retracted papers originated from paper mills; and (3) to analyze the potential relationships existing between paper
mill papers and their references and their citations.

Study Design and Setting: This study was a cross-sectional study. All original papers retracted in 2022 identified as having originated
from paper mills and had been published at least 12 months before their retraction (hereinafter “‘source-retracted papers’”) were included.
The Retraction Watch database was used to identify the source-retracted papers and Web of Science was used to identify the references
contained within them and the citations received by them. We described the characteristics of the papers and journals. Additionally, 2 net-
works of source-retracted papers mutually interconnected via their citations and references were built: 1 with only retracted references and
retracted citations and the other with all references and citations (retracted or unretracted).

Results: A total of 416 paper mill papers retracted in 2022 (sourced retracted papers) were identified, with a median of 1247 (inter-
quartilic range, 907.8—1673.5) days between publication and retraction. Of all authors identified, 92.3% were affiliated with Chinese in-
stitutions. There were 14,411 references contained in the source-retracted papers and 8479 citations received by them; the median number
of references and citations was 35 (29—40) and 16 (9—25), respectively. In total, 473 references and citations had also been retracted for
being paper mill papers. Among the 416 sourced-retracted papers, 169 (41.9%) and 178 (42.8%) were referenced or were cited by at least
another retracted paper, the majority of which also originated from paper mills. The first network analysis, which included source-retracted
papers along with their retracted references and citations, found 3 clusters of 53, 48, and 44 retracted papers that were mutually intercon-
nected. The second network analysis, with all references and citations (retracted or unretracted) identified a large cluster of 2530 intercon-
nected papers.

Conclusion: Retracted papers originating from paper mills frequently reference and are cited by papers that are later retracted for hav-
ing originated from paper mills, displaying inter-relationships. Detecting these inter-relationships can serve as an indicator for identifying
potentially fraudulent publications.
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Plain language summary

This study aims to analyze the potential connections between scientific papers that have been retracted for originating
from paper mills. Paper mills are organizations primarily engaged in the mass production of scientific manuscripts,
most of them fraudulent, which are then sold to researchers to obtain authorship. We analyzed papers retracted in
2022 for originating from paper mills (hereinafter: source-retracted papers) and their references (papers which were
cited by source-retracted papers) and citations (papers which cited source-retracted papers). We found 416 retracted
papers from paper mills, containing 14,411 references and receiving 8479 citations. Of these, 473 references and cita-
tions were retracted due to originating from paper mills. About 42% of the source-retracted papers were referenced or
were cited by other retracted papers, many of which were from paper mills. Network analysis revealed groups of in-
terconnected retracted papers. Retracted papers from paper mills often reference and are cited by other fraudulent pa-
pers, indicating a connection. Detecting these patterns could help identify potentially fraudulent publications.

1. Introduction

In scientific publication, the term "paper mills" refers to
organizations whose purpose is to generate a high volume
of scientific manuscripts, for the most part fraudulent or
plagiarized, with the aim of then selling the authorship to re-
searchers or students [ 1—4]. Despite being a relatively recent
phenomenon, paper mills have experienced unprecedented
growth [2,4—8]. The annual profit of these organizations
has been estimated at a billion euros [9]. It is estimated that,
in 2020, 11.0% of all papers published may have come from
a paper mill organization, which would be on the order of
383,000 papers [2]. In 2022, another study concluded that
1.5%—2% of articles published could be attributed to these
organizations [8]. A report by the Committee on Publication
Ethics and the Scientific, Technical and Medical (STM)
Integrity Hub estimated that 2 to 46% of journal article sub-
missions may originate from paper mills [1].

Available information on the modus operandi of paper
mill organizations is very limited, and indeed may differ
between organizations. Paper mills have been identified in
China, India, Russia, USA, and United Kingdom [2], and
the great majority of papers identified as originating from
these organizations pertain to specific fields of knowledge,
particularly pharmacy, oncology, medicine, and biology
[6,8]. Recently, Gonzalez-Marquez et al plotted a map of
retracted biomedical papers in PubMed by area of knowl-
edge, from which it can be seen that retracted papers form
groups or clusters of the same topic, suggesting the pres-
ence of paper-mill clusters [10]. This would be in line with
the findings of a previous systematic review [3].

Previous studies have analyzed the problem of paper
mills and the papers originating from such organizations
[2,6,11]. A previous study describing paper mill papers re-
tracted until June 2022 [6] detected a possible fraudulent
citation pattern: papers retracted for being generated by pa-
per mills received a median of 11 citations, and most of
these citations were concentrated in journals ranked in
the third and fourth quartiles by impact factor (IF). As a
key indicator for detecting paper mill papers, Sabel et al
[2] identified the practice of referencing other papers that

were likewise generated by paper mills. This aligns with
another known service provided by paper mill organiza-
tions: boosting the citations of the articles [2]. Hence, the
analysis of the references and citations of these papers
can be a valuable tool for identifying papers originated
from paper mill organizations [12], and even for identifying
papers coming from the same paper mill organization.

Research in this field is crucial for developing effective
strategies to address the problem and safeguard the integ-
rity of scientific publication. To date, no study has compre-
hensively analyzed either the references included in papers
retracted for having been identified as generated from paper
mills, or the citations received by these same papers.
Accordingly, the aims of this study were as follows: (1)
to analyze the references cited by retracted papers origi-
nated from paper mills; (2) to analyze the citations received
by retracted papers that originated from paper mills; and (3)
to analyze the potential relationships existing between pa-
per mill papers, their references and their citations.

2. Study design and setting

We conducted a cross-sectional study following the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines. This study included original arti-
cles which have been retracted and identified as having
originated from paper mills. To be eligible, papers were
required to have been retracted between January 1, 2022,
and December 31, 2022, and published a minimum of
12 months before retraction. This criterion was established
so that the papers included could have received citations for
a minimum period before retraction (minimum citation
window). Corrections, expressions of concern, and commu-
nications to conferences were excluded. To identify papers
that met the pre-established selection criteria, we used the
Retraction Watch Database (date last accessed January
23, 2023), selecting the Paper Mill option in the "Reason(s)
for Retraction" field, and "Retracted" in the "Nature of
Notice" field. The way in which Retraction Watch operates
has been previously described [6].
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What is new?

Key findings

e This study reveals the potential interconnection of
retracted paper mill papers through their references
and citations.

What this adds to what was known?

e This is the first analysis of references and citations
in retracted papers associated with paper mills.

e Retracted papers originating from paper mills
frequently reference and are cited by papers that
are later retracted for having originated from paper
mills.

What is the implication what should change now?

e Further research is needed on paper mills, their
characteristics, and modes of operation.

e The patterns of citation and referencing of paper
mills can serve as an indicator for identifying
potentially fraudulent publications.

In the case of retracted paper mill papers (hereinafter
"source-retracted papers"), the following data were
retrieved from Retraction Watch: title; authors; number of
authors; author affiliations; authors’ country or countries;
type of publication; date of publication; date of retraction;
journal of publication; and reason for retraction. We used
the variables date of publication and date of retraction to
calculate the number of days elapsed between publication
and retraction. Similarly, we recorded the corresponding
author’s affiliation and country, based on the full text of
the source-retracted paper. From Web of Science, we
retrieved the number of references cited by and citations
received by each of the source-retracted papers. Insofar as
citations were concerned, these could come from other pa-
pers or from the source paper’s own retraction notice. For
analysis purposes, we excluded citations by the source pa-
per’s own retraction notice and examined only citations that
came from other papers.

The following data were collected from each of the ref-
erences and citations identified and included, using Web of
Science: authors; number of authors; type and country of
affiliation of corresponding author; title of paper; journal;
journal’s IF based on Journal Citation Reports (JCR); cate-
gory and relative position (quartile) based on JCR; type of
publication; and number of citations received. Additionally,
we recorded whether the references or citations had been
retracted and the reason for retraction, with the latter being
retrieved from Retraction Watch. In any case where the
reason for retraction was not shown in the Retraction Watch

Database, the retraction note was accessed. Papers retracted
for duplication/manipulation of images and/or impossibility
of communicating with the author, or false peer review
were categorized as ‘“‘suspected paper mill”’, since these
are all typical characteristics of these types of papers, as
described by different sources [1,3,13].

JCR 2021 was used to ascertain the IF of the journal of
publication of the source-retracted papers and of the refer-
ences and citations, the category, and journal’s relative po-
sition (quartile) in this category. In the case of journals
included in different categories, data relating to the most
favorable one were recorded (the one in which the journal
was in a higher percentile). The publication modality was
extracted from the journal’s own website and classified as
Open Access (OA) (universal and free access) or non-OA
(publication by subscription, or hybrid).

2.1. Statistical analysis

We first performed a descriptive analysis of source-
retracted papers identified as being generated by paper mills,
with quantitative variables expressed as median and inter-
quartilic range (IQR), and qualitative variables as relative
and absolute frequencies. The number of source-retracted
papers that referenced and were cited by other retracted pa-
pers was compared by quartile of journal of publication
and publication modality (OA or non-OA), using the Wilcox-
on signed-rank test.

Secondly, we performed a descriptive analysis of the ref-
erences and citations of source-retracted papers included in
this study, by reference to the variables of interest. A bivar-
iate analysis was also performed to assess differences in
characteristics, according to whether the item was a refer-
ence of or citation to the source-retracted paper. The Wil-
coxon signed-rank test was used for quantitative variables
and the Chi-squared test for qualitative variables. In a sub-
sequent analysis, the sample of citations and references was
restricted to those that had been retracted. The reasons for
retracting references and citations were first analyzed
descriptively and then compared using the Chi-squared test.

Two networks of source-retracted papers (retracted for
being generated by paper mills) inter-related by their cita-
tions and references were built. Each node (dot) in the
network represented 1 paper (source, reference or citation).
The connections between nodes (ties) were established us-
ing the edge betweenness method.

The first network was built with the aim of establishing
groups or clusters of retracted papers that mutually refer-
enced/cited one another. To this end, the network was
restricted to analysis of source-retracted papers and their re-
tracted references and citations. This network shows clus-
ters which include more than 5 inter-related elements (ie,
source-retracted papers, retracted references and citations
that comprise the cluster).

The second network was built by including source-
retracted papers and their references and citations,
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regardless of whether or not they had been retracted. In this
network, references and citations were classified into 3
groups: unretracted; retracted for or being suspected of
originating from a paper mill; and retracted for some other
reason (authorship issues, plagiarism, error, ethical issues,
fabrication/falsification, not specified). Due to the large
amount of data, this network includes clusters made up of
more than 45 elements (source-retracted papers, citations
retracted or unretracted, and references retracted or
unretracted).

Both networks in interactive format can be accessed at
the following link: https://epideque.shinyapps.io/networks/.
To visualize the second network, we lighten it by including
a smaller number of articles. We excluded references and ci-
tations that were not retracted and that did not connect 2
other articles (n = 1883). The complete second network
can be seen in the Supplementary Material.

Statistical significance was set at P < .05 for all tests
conducted. All statistical analyses were performed using
the Stata v.17 and R statistical software programs.

3. Results

3.1. Retracted papers originated from paper mills
(source-retracted papers)

We identified 416 original papers that originated from
paper mills and were retracted in 2022 (source-retracted pa-
pers), with a median of 1247 (IQR, 907.8—1673.5) days af-
ter publication. Table 1 describes their main characteristics.
The source-retracted papers were published in 85 different
scientific journals; 39.7% of source-retracted papers were
published in journals ranked in the second quartile of their
JCR category and 22.1% in journals belonging to the Med-
icine, Research, and Experimental category. Biomedicine &
Pharmacotherapy and Molecular Medicine Reports were
the journals which published the highest number of paper
mill papers retracted in 2022, with 35 and 33 papers pub-
lished and then retracted, respectively.

A total of 1669 unique authors were listed on the 416
source-retracted papers: two of these authors appeared in
14 of the papers, while another two were listed in 10 papers
each. In 384 of the source-retracted papers (92.3%), all the
authors came from the same country (China), whereas in
the remaining 32 papers (7.7%), the authors came from
two to five different countries. The most frequent affiliation
among all the authors identified was the University of Jilin
in China, which featured in 77 different sourced retracted
papers (18.5%). In terms of the corresponding author’s
affiliation, in 389 papers (92.8%), this was a Chinese insti-
tution, and in 4 papers (1.0%), this was a Chinese institu-
tion and an institution from another country (Philippines,
Russia, USA, or Italy). In 213 of the sourced retracted
papers (51.2%), corresponding authors were exclusively
affiliated with a hospital,in 118 (28.4%) were affiliated with

(source-retracted papers)

Table 1. Main characteristics of paper mill papers retracted in 2022

Characteristics

Total (n = 416)

Number of authors

Median (IQR)

Number of affiliation countries (all
authors)

Median (I1QR)

Affiliation institution of corresponding

author®
Hospital
Industry
Research center
Research center + Hospital
University
University + Hospital

University + Hospital + Research
center

University + Research center
E-mail account®

Institutional

Private + Institutional

Private

Country of corresponding author

China
Russia
Bangladesh
Bulgaria
China + Philippines
China + Russia
China + USA
China + Germany
China + Italy
Iran
India
Kazakhstan
Saudi Arabia
USA

IF°
Median (IQR)

Quartile

No IF/Not indexed
Ql
Q2
Q3
Q4

Category

No IF/Not indexed

Medicine, Research & Experimental

5 (4-7)

1(1-1)

213 (51.2%)
1 (0.2%)

6 (1.4%)

1 (0.2%)

69 (16.6%)
118 (28.4%)
2 (0.5%)

6 (1.4%)

7 (3.7%)
8 (4.2%)
175 (92.1%)

386 (92.8%)
18 (4.3%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)
1 (0.2%)

3.38 (2.31-4.06)

66 (15.9%)
81 (19.5%)
165 (39.7%)
86 (20.7%)

18 (4.3%)

66 (15.9%)
92 (22.1%)

Oncology 75 (18.0%)

Pharmacology & Pharmacy 27 (6.5%)

Biochemistry & Molecular Biology 25 (6.0%)
(Continued)
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Table 1. Continued

Characteristics Total (n = 416)

Pathology 22 (5.3%)
Multidisciplinary Sciences 16 (3.8%)
Physiology 13 (3.1%)
Endocrinology & Metabolism 12 (2.9%)
Neurosciences 11 (2.6%)
Cell biology 10 (2.4%)
Other 47 (11.4%)

Publishing model

Open Access 270 (35.1%)

Non—Open Access 146 (64.9%)

IF, impact factor; IQR, interquartilic range.

@ Data available for 190 papers.

b Data available for 350 papers, as 66 papers were published in
nonindexed journals.

¢ Percentages may not total 100 due to rounding.

a hospital and a university, and in 69 (16.6%) were exclu-
sively affiliated with a university. In 7 papers, the corre-
sponding author had provided an institutional e-mail
(3.7% of those papers providing information about the e-
mail account), and in 8§, the corresponding author had pro-
vided both an institutional and a private e-mail (4.2%).

3.2. References and citations of source-retracted papers

The 416 source-retracted papers included a total of
15,437 references, and there were 8689 citations to them
by other papers. We were able to extract metadata from
14,411 (93.4%) references and 8479 (97.6%) citations.
The median number of references per source-retracted pa-
per was 35 (IQR, 29—40), and the median number of cita-
tions received was 16 (IQR, 9—25).

Table 2 shows the main characteristics of the references
and citations retrieved. Most of the corresponding authors
of the references and citations were affiliated with an

Tahle 2. Main characteristics of references within and citations to paper mill papers retracted in 2022

References Citations
n = 14411 n = 8479 P value

Number of authors

Median (IQR) 6.00 (3.0-8.0) 6.00 (4.0-8.0) 0.27
Country of corresponding author® <0.001

China 5834 (54.0%) 5587 (78.3%)

USA 3111 (28.8%) 331 (4.6%)

Japan 456 (4.2%) 88 (1.2%)

Germany 365 (3.4%) 71 (1.0%)

South Korea 300 (2.8%) 129 (1.8%)

Italy 310 (2.9%) 141 (2.0%)

Iran 113 (1.1%) 334 (4.7%)

Other 307 (2.8%) 455 (6.4%)
IF

Median (IQR) 3.9 (2.5—6.0) 2.9 (1.6—4.2) <0.001
Journal Quartile based on IF (from JCR) <0.001

Ql 6749 (46.8%) 2149 (25.3%)

Q2 3757 (26.1%) 2422 (28.6%)

Q3 1523 (10.6%) 1589 (18.7%)

Q4 674 (4.7%) 806 (9.5%)

Not indexed 1709 (11.9%) 1513 (17.8%)
Journal category (from JCR) <0.001

Biochemistry & Molecular Biology 1001 (6.9%) 340 (4.0%)

Medicine, Research & Experimental 935 (6.5%) 938 (11.1%)

Multidisciplinary Sciences 803 (5.6%) 244 (2.9%)

Oncology 2803 (19.5%) 1132 (13.4%)

Pharmacology & Pharmacy 629 (4.4%) 679 (8.0%)

Not indexed 1709 (11.9%) 1513 (17.5%)

Other 6531 (45.3%) 3633 (42.8%)

IF, impact factor; JCR, Journal Citation Reports; IQR, interquartilic range.

@ 3616 references and 1343 citations without information.
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Table 3. Description of retracted references within and citations to source retracted papers

References

Citations

Retracted paper

No 14,121

Yes 290
Reason for retraction

Paper mill 167

Suspected paper mill 63

Concerns about data/images 13

Plagiarism 11

Error

Fabrication/falsification 3

Ethical issues
Authorship issues 0
Not specified 24

(98.0%) 8.167 (96.3%)
(2.0%) 312 (3.7%)
(57.6%) 142 (45.5%)
(21.7%) 101 (32.4%)
(4.5%) 20 (6.4%)
(3.8%) 2 (0.6%)
(2.8%) 8 (2.6%)
(1.0%) 1 (0.3%)
(0.3%) 0 (0.0%)
(0.0%) 1 (0.3%)
(8.3%) 37 (11.9%)

institution in China (54.0% of references and 78.3% of ci-
tations). Whereas 46.8% of the references had been pub-
lished in first-quartile journals, 28.6% of the citations had
been published in second-quartile journals. Journals in the
oncology category were those in which the majority of ref-
erences and citations were published. Oncotarget and PLOS
One were the most frequently referenced journals in
source-retracted papers, with 418 and 344 references,
respectively. The International Journal of Molecular Sci-
ence and Frontiers in Oncology cited the source-retracted
papers the most, with 206 and 187 citations each.

Among the 416 source-retracted papers, 169 (41.9%)
referenced at least 1 paper that had also been retracted
and 178 (42.8%) were cited by at least 1 paper that was also
later retracted. Of these, 145 of 169 (81.5%) referenced at
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least 1 paper retracted for originating from or being sus-
pected of originating from paper mills. Meanwhile, 156
of 178 (87.6%) were cited by at least 1 paper retracted
for originating from or being suspected of originating from
paper mills. No differences were observed in the number of
references or citations originating from or suspected of
originating from paper mills, by publication modality or
journal quartile of the source article (data not shown).

The reasons for retraction of retracted references and ci-
tations (290 and 312, respectively) are shown in Table 3.
Among them, we found 473 papers retracted for originating
from or being suspected of originating from paper mills.
Eight source-retracted papers were identified with 4 or
more references/citations to other paper mill papers or sus-
pected paper mill papers.

a <
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Figure. Network of source-retracted papers interconnected through their retracted references and retracted citations. This figure shows the clusters
of related papers. Each cluster is shown in a different color to distinguish it (the color has no other meaning). Within each cluster, there are articles
that have been retracted for originating from paper mills (source-retracted papers—all retracted) represented by a circle, articles that are included
in the reference list of the source-retracted papers by a triangle (all retracted), and articles that have cited the source-retracted papers by an

asterisk (all retracted).
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The link (https://epideque.shinyapps.io/networks/)
shows the network of papers retracted for any reason,
restricted to clusters made up of more than 5 elements
inter-related via their citations and references. The network
is also showed in Figure: source-retracted papers are repre-
sented by a circle, references by a triangle and citations by
an asterisk (Fig). Note should be taken of the 3 major clus-
ters formed by 53, 48, and 44 inter-related sourced-re-
tracted papers through their retracted citations and
references.

An additional analysis restricted to clusters made up of
more than 45 elements, including all references and citations
regardless of whether or not they had been retracted, yielded
a large cluster of 2530 inter-related papers. This cluster links
174 sourced retracted papers (41.8% of those included), 203
references and citations retracted for originating from or be-
ing suspected of originating from paper mills (42.9% of those
identified) (Table 3), and 38 references and citations re-
tracted for any other reason (27.3% of those identified). This
network can be seen in the link in the Supplementary
Material and a reduced version of it in the link provided
(https://epideque.shinyapps.io/networks/).

4. Discussion

The results of this study highlight the way in which orig-
inal papers retracted in 2022 for originating from paper
mills are interconnected through their references and cita-
tions. Furthermore, the most frequent cause of retraction
among the references and citations of original paper mill
papers retracted in 2022 is affiliation with such organiza-
tions, suggesting a possible manipulation of citations. To
our knowledge, this is the first study to analyze the refer-
ences and citations of retracted papers originated from pa-
per mills.

The included retracted paper mill papers in this study
display the typical characteristics of these types of papers,
previously described in other studies [2,3,6,7,11]. Most of
the authors are from China and are affiliated with hospitals.
In addition, it has been observed that only 3.7% of e-mail
correspondence provided by the authors is associated with
an institution (university, hospital or research center, or
other). This characteristic has been previously identified
as a "red flag" by the International Committee of Medical
Journal Editors and the STM Integrity Hub [1], as well as
by previous studies [2,13]. Identification of the typical char-
acteristics of paper mill papers may be crucial for address-
ing the problem, as they can serve as an early warning
signal for editors and reviewers and may therefore prevent
their publication.

The results of this study appear to confirm the links
among paper mill papers via the papers they reference
and the papers that subsequently cite them. According
to our results, 41.9% of paper-mill papers referenced at
least 1 retracted paper, while 42.8% received citations

from retracted papers. This is likely a conservative esti-
mate, as only about 2 out of every 10,000 published arti-
cles are retracted [14]. The first network constructed in
this study contains only retracted articles. It shows the
connections between the articles retracted in 2022 and
their references and citations that were also retracted.
We observed some cases where several articles retracted
in 2022 are related because they have a retracted citation
or reference in common. It is noticeable that most of these
retracted citations and references are also retracted for
originating from paper mills. This suggests that articles
from paper mills cite and reference each other. As stated
previously, these organizations do not only mass-
produce manuscripts, but increase their visibility through
citations and references, which also provides very positive
feedback to their ‘“‘clients’ through increasing their cur-
riculum vitae and their Hirsch index.

Howeyver, the first network has a limitation: not all arti-
cles that should be retracted are retracted. It is therefore
important to note that references and citations that have
not been retracted do not necessarily mean that they do
not come from paper mills, but rather that they may not
yet have been identified as such. Restricting the network
to establishing relationships between those items that have
been identified (retracted) as such can provide a limited
point of view. With this in mind, we created the second
network showing the source-retracted papers, with all their
references and citations (bearing in mind that some of the
papers that have not been retracted are also likely to be
from mills but have not yet been identified). This network
contains a large cluster with more than 2500 publications,
that includes 174 source-retracted papers plus their refer-
ences and citations, of which 203 have been retracted
because they originated or were suspected to have origi-
nated from paper mills. This suggests the existence of a
relationship between these source-retracted papers and the
references and citations retracted for originating from paper
mills, and it is plausible that they may in fact originate from
the same paper mill organization. It is logical to think that
papers from the same paper mill organization would tend to
cite each other. It is important to be aware of the limitations
of this second network. While it gives us a broader perspec-
tive, it may also introduce noise into the data by including
references and citations that are not necessarily related to
unethical practices.

Our findings are in line with previous studies. Sabel et al
[2] fitted 2 models for detecting fraudulent publications
generated by paper mills. In the first model, they included
the variables, ‘“‘noninstitutional email”” and ‘““affiliation with
a hospital”, though the percentage of false positives was
too high. In the second model, they added the variable,
“>10% of references to other paper-mill papers”, and
the percentage of false positives fell from 44% to 37%,
while sensitivity increased. Although the difference is
small, this could suggest that the presence of references
to other paper mill papers may improve algorithms
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designed to detect such papers. In addition, an article
concluded that articles citing retracted articles are more
likely to be retracted and states that coming from a paper
mill organization was one of the main reasons for retraction
of these papers [15].

The main implication of this study is the contribution
of the results to the detection of paper mills. Based on the
evidence generated, it might be prudent to consider the
presence of a retracted reference originating from a paper
mill or being cited by a paper mill paper as a "red flag”.
These can be important indicators or warning signals for
scientific journals and must be borne in mind during the
review process. Identification of such indicators may help
prevent the publication of low-quality papers or papers
that adopt ethically questionable practices. This indicator
could be incorporated as a part of a checklist used to
evaluate the trustworthiness of papers before they’re pub-
lished. In addition to the above indicator, the checklist
should include other typical characteristics associated
with paper mills, which have been previously identified
in the scientific literature. In the same way as there are
checklists to verify whether or not a journal is potentially
predatory, such as ‘““Think.Check.Submit” [16]; among
others [17], this new checklist could help journals by
improving the review procedures for scientific papers that
are submitted to them for publication. Additionally,
considering both references and citations can help to
identify paper mill papers that have already been
published.

A potential solution to identify paper mill papers more
effectively could be the development of an algorithm, prob-
ably based on artificial intelligence, that assigns a probabil-
ity percentage indicating the likelihood of an article being
associated with a paper mill. While previous attempts had
limitations [2], the STM Integrity Hub has been working
on a tool to detect paper mill involvement in submitted
manuscripts [18]. A minimum viable product of this tool,
launched in April 2023 [19], is initially available only to
STM Integrity Hub editors [20]. It remains unclear whether
the tool has the capability to assign a percentage probabil-
ity, which could significantly enhance its utility by allowing
journals to establish "risk thresholds" and allocate resources
more efficiently.

This study has some limitations. First, the networks
analyzed were exclusively focused on references and citations
of source-retracted papers, without including the references
and citations of “secondary papers” (ie, the citations and ref-
erences of source-retracted papers). This could underestimate
the relationship of the different papers included. In future
studies, consideration should be given to the inclusion of both
directions in the network of references and citations, so as to
form a more complete picture. Second, while metadata were
successfully extracted from approximately 95% of the cita-
tions and references of source-retracted papers, there is a
small percentage of missing data, though this is considered
minimal. Third, the protocol and analysis plan were not

previously published. An additional limitation is the absence
of a control group. Future studies should consider the inclu-
sion of a control group of unretracted papers, with the aim
of evaluating whether the results differ. Furthermore, to allow
for minimum citation window, this study included source-
retracted papers having a minimum period of 12 months after
retraction, but this period may possibly prove to be insuffi-
cient. Lastly, citations of the papers retracted during 2022
included in this study are likely to continue to increase with
time.

This study has a number of advantages. The use of an
exhaustive database such as Retraction Watch enabled all
retractions that occurred in 2022 to be systematically
included. To our knowledge, Retraction Watch is the most
comprehensive retraction database, though the possibility
of there being some missing data cannot be ruled out,
which may limit the generalization of our findings. A
further important advantage is the longitudinal nature of
the study, in the sense that the source-retracted article (pa-
per retracted for being generated by a paper mill) includes
its references (previously published papers) as well as ci-
tations of the source article (subsequently published pa-
pers), which allows for a better temporal approach to the
cluster of papers generated by a single paper mill. Lastly,
we feel that the visual representation system used is very
useful for understanding the structures of references and
citations and may be of value for future studies on this
topic.

In conclusion, the results of this study demonstrate
that papers originating from paper mills cite and refer-
ence other papers originating from paper mills. The pres-
ence of these relationships in the citations and references
may provide useful clues for identifying possible fraudu-
lent publications. This novel methodology could be
employed to identify articles potentially associated with
paper mills. Early detection of paper mill papers is
crucial for preserving the integrity of science. In the face
of the proliferation of these types of papers, which will
inevitably increase with time, editorial teams must put
robust mechanisms in place for their detection, without
in any way neglecting the supervision of papers which
are suspected of originating from paper mills and have
already been published.
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