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Abstract 

Objectives  To characterize journals that published and retracted articles retracted for having originated from paper 
mills and examine associations between paper mill retraction frequency and journal characteristics.

Methods  Retraction Watch database was used to identify papers retracted due to originating from paper mills 
and journals, between January 2020 and December 2022. Data on the total number of articles and journal characteris-
tics were obtained from Web of Science and Journal Citation Reports. Journals were classified based on the frequency 
of retracted paper mill papers (1, 2–9, ≥ 10 retractions). Logistic regressions were conducted to explore associations 
between retraction frequency and journal characteristics.

Results  One hundred forty-two journals were identified that retracted 2,051 articles from paper mills. Among 
these, 71 (50%) journals had 1 retraction, 36 (25.4%) had 2–9 retractions, and 35 (24.6%) had ≥ 10 retractions; 4 (2.8%) 
journals had > 100 retractions. These journals, regardless of paper mill retraction number, were mainly in the sec-
ond (35.2%) and third (29.6%) quartiles by impact factor. Medicine and health emerged as the predominant subject 
area, comprising 61.2% of all indexed journal categories. Comparing journals with one retraction to those with ten 
or more, the proportion of open access articles (72.6% vs. 19.2%) and median editorial times (86 vs. 116 days) dif-
fered across groups, although these differences were not statistically significant. An inverse correlation was observed 
between the proportion of paper mill papers and original articles (Spearman’s Rho = –0.1891, 95%CI -0.370 to -0.008). 
Logistic regressions found no significant association between paper mill retraction number and other variables.

Conclusion  This study suggests that paper mill retractions are concentrated in a small number of journals with com-
mon characteristics: high open access rates, intermediate impact factor quartiles, a high volume of citable items, 
and classification in medicine and health categories. Short editorial times may indicate a higher presence of paper 
mill publications, but more research is needed to examine this factor in depth, as well as the possible influence 
of acceptance rates.
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Introduction
Scientific literature and academic integrity are funda-
mental pillars for the advancement of knowledge. In 
recent years, however, this has been threatened by the 
surge in so-called “paper mills”, organizations devoted to 
mass production of fraudulent or plagiarized scientific 
papers, then sold to researchers to publish under their 
names [1, 2]. The"publish or perish"axiom, the need to 
publish for graduation purposes and for career progres-
sion, along with financial and promotion incentives have 
led to a situation where researchers resort to buying the 
authorship of these paper mill papers to secure paper 
authorship, which are delivered by the paper mills [1, 3]. 
There is evidence to show that, in addition to offering 
services such as ghost writing, intermediation of author-
ship, and the falsification and plagiarism of data and fig-
ures [4], paper mills manipulate the peer review process, 
supplant real reviewers, and are sometimes associated 
with editorial teams to ensure faster, and easier, publica-
tion [5–7].

Some of the greatest damage caused by these organi-
zations is generated when false research infiltrates the 
research enterprise, such as by being aggregated into 
systematic reviews and meta-analyses, falsifying scien-
tific evidence and potentially affecting clinical practice. 
This amounts to a waste of time and valuable resources, 
induces dangers for public health and medicine, and can 
even put the lives of patients at risk [8–10]. The paper 
mill phenomenon has experienced substantial growth 
in recent years and is envisaged to continue growing [3, 
11–13]. A report by the Committee on Publication Ethics 
(COPE), based on data from six publishers covering over 
53,000 submitted manuscripts across various disciplines, 
found that the proportion of suspected papers ranged 
from 2 to 46%, depending on the journal’s level of target-
ing and vulnerability to such practices [1]. While these 
figures are not representative of the entire publishing 
landscape, they illustrate the potentially widespread and 
uneven impact of paper mills on scientific publishing.

Previous investigations have identified certain charac-
teristics related to paper mills [14], but there is still lit-
tle information about some characteristics of journals 
that publish papers from paper mills, such as number 
of editors or published papers. However, understanding 
the characteristics and features of paper mills, including 
the journals in which they publish, may provide valuable 
insights and guide the development of strategies to iden-
tify such studies. Our aim was therefore to characterize 
journals that had retracted papers having originated from 
paper mills (hereafter paper mill papers) and examine 
associations between paper mill retraction frequency and 
journal characteristics, such as impact factor, number of 
editors, areas of knowledge, number of papers published 

and open access, among others. With a better under-
standing of the nature and scope of this problem, more 
effective strategies could be developed to protect the 
integrity of scientific publication and preserve the quality 
of scientific evidence.

Methods
This paper reports on a cross-sectional study conducted 
to investigate journals that retracted at least one paper 
originating from paper mills. We included all journals 
that had at least one paper mill paper retracted over the 
period January 1 st, 2020, through December 31 st, 2022. 
Corrections, expressions of concern, and communica-
tions to conferences were excluded.

We used the Retraction Watch database to identify 
retracted paper mill papers and the journals in which 
they were published (last access to the database January 
23rd, 2023). A number of journal characteristics were 
collected as follows. First, the total number of papers 
published by each journal from 2020 through 2022 was 
extracted from Web of Science. Next, the following infor-
mation was sourced from Journal Citation Reports (JCR): 
total of citable items; journal impact factor (JIF); quartile 
(Q); percentage of papers published by the journal, with 
respect to the total of citable items; percentage of pub-
lications in open access; and the JCR categories of each 
journal. Because the journals possessed more than one 
category, we recorded all categories belonging to the 
journals analyzed: the JIF and quartile selected were the 
most favorable one of the categories. The date of the last 
search of the JCR database was October 21, 2023. Finally, 
official journal websites were searched to obtain informa-
tion on the country, publisher, total number of editors 
(excluding senior and honorary editors), editorial times 
(from submission until first and second editorial deci-
sions), and acceptance rate. These data are reported by 
the journals themselves.

Statistical analysis
The journals included were classified into three groups 
based on the number of retracted paper mill papers 
that they published over the period analysed, using the 
50th and 75th percentiles of the entire sample as cut-off 
points. Journals that had published only one retracted 
paper mill paper were classified in Group 1, journals with 
between 2 and 9 papers in Group 2, and those with 10 or 
more papers in Group 3.

First, we performed a descriptive analysis of the jour-
nals, divided into groups according to the following 
qualitative variables: publisher, country, quartile and 
category. For each variable, we recorded the number of 
journals and the number of retracted paper mill papers 
published. Additionally, a descriptive analysis of the 
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journals categorised by group was performed for the fol-
lowing quantitative variables: number of paper mill arti-
cles; total citable articles; percentage of open access; JIF; 
number of JCR subject categories assigned to the journal; 
percentage of articles out of the total citable articles; and 
number of editors. For each of the quantitative variables, 
the median, interquartile range, minimum and maximum 
values were obtained according to the group. Quanti-
tative variables were compared between groups using 
analysis of variance (ANOVA), while qualitative variables 
were compared using the chi-square test. Where differ-
ences were indicated by overall comparisons between 
the three groups, multiple comparison analyses were 
conducted between pairs of groups using the Bonferroni 
correction.

The descriptive analysis was replicated in the 20 jour-
nals with the most retracted paper mill papers.

The correlation between the quantitative variables 
and the percentage of retracted paper mill papers was 
assessed. To generate the percentage of retracted paper 
mill papers for each analyzed journal, the variable ‘num-
ber of retracted paper mill papers’ was standardized by 
dividing it by the total number of citable articles pub-
lished by each journal. This variable gives the proportion 
of paper mill papers in a journal out of the total num-
ber of citable articles published by that journal. Citable 
articles, also called citable items, are used to calculate 
the JCR impact factor and include original articles and 
reviews. This variable facilitates the assessment of the 
relative magnitude of paper mill penetration in the ana-
lysed journals. The Spearman’s Rho is presented for each 
comparison, along with the 95% confidence interval and 
the p-value.

An ordinal logistic regression model was performed to 
examine the relationship between the dependent vari-
able (Group, with three ordered levels) and several inde-
pendent variables. This approach allowed us to identify 
whether the independent variables were associated with 
the likelihood of a journal being classified in Groups 1, 
2 or 3. Due to multicollinearity among the independ-
ent variables, a principal component analysis (PCA) was 
conducted to identify combinations of variables that 
explained the largest variance in the data. Those com-
ponents with eigenvalues equal or greater than 1 were 
included. The included independent variables were the 
total of citable items, JIF, percentage of original papers 
published by the journal and number of JCR categories.

Additionally, a binary logistic regression was per-
formed. To do this, the variable ‘Group’ was recatego-
rized into a dichotomous variable with a cut-off point set 
at ≥ 10 retracted paper mill papers. The dependent vari-
able was the dichotomous variable (having published  < 
10 paper mill papers / ≥ 10 paper mill papers) and the 

independent variables were the total of citable items, JIF, 
percentage of original papers published by the journal 
and number of JCR categories.

All statistical analyses were performed using the 
STATA v.16 software package. Statistical significance was 
set at a p-value < 0.05.

Due to the nature of the study, no ethics committee 
approval was required.

Results
Description of journals categorized by group
The study included 2,051 papers retracted for originat-
ing from paper mills from January 1 st, 2020, through 
December 31 st, 2022, published in 142 different journals. 
Of these, 71 journals (50.0%) were classified in Group 1, 
36 (25.4%) in Group 2, and 35 (24.6%) in Group 3. A total 
of 93.7% were indexed in JCR; the 9 unindexed journals 
were registered as missing values, with one belonging to 
Group 1 (1 retracted paper mill paper), three to Group 
2 (2–9 retracted paper mill papers), and the remaining 
five to Group 3 (10 or more retracted paper mill papers). 
Group 3 contained most retractions (89.4%).

Among all the indexed journals included, journals most 
commonly were based in the United States (USA) (Sup-
plementary Table 1), with a total of 42 journals (29.6%), 
followed by the United Kingdom, with 35 (24.6%). Table 1 
shows the distribution of journals by publisher and the 
number of paper mill-related retractions. Eight main 
publishers accounted for 65.5% of the journals with most 
retracted paper mill papers and 42.8% of total retractions. 
Most of the indexed journals’ impact factors were in Q2 
(35.2%) and Q3 (29.6%) (Table 2).

A total of 67 categories were identified in all the JCR-
indexed journals, and of these, 41 (61.2%) were related 
to medicine and health. The remaining categories were 
Engineering and Technology (10.4%), Economic and 
Social Sciences (10.4%), Chemistry (6.0%), Physics (4.5%), 
Material Sciences (3.0%), and Education, and Biological 
and Environmental Sciences (1.5% each).

Table  3 lists the characteristics of the 20 journals 
with most paper mill-related retractions. Four journals 
exceeded 100 retractions. Ten journals accounted for 
1,276 (62.2%) retracted papers. The Journal of Physics: 
Conference Series led with 494 retractions, followed by 
the European Review for Medical and Pharmacological 
Sciences with 165. All the journals with high retraction 
rates had an open access rate above 60%. After mitigat-
ing the effect of the journal’s publication volume, the 
International Journal of Immunopathology and Phar-
macology was observed to have the greatest density of 
paper mill-related retractions, with 8.34 per 1,000 citable 
items, followed by the European Review for Medical and 
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Table 1  Description of the number of journals and number of retracted paper mill papers, by publisher

Group 1: one retracted paper mill paper. Group 2: 2–9 retracted paper mill papers. Group 3: 10 or more retracted paper mill papers

The classification"others"includes all publishers having only one journal with a single-mill paper published. PPM = retracted paper mill papers

Publisher Group 1 (N = 71) Group 2 (N = 36) Group 3 (N = 35) Total
Journals (PPM) Journals (PPM) Journals (PPM) Journals (PPM)

Elsevier 13 (13) 9 (44) 4 (135) 26 (192)

Springer 13 (13) 5 (22) 0 (0) 18 (35)

Wiley 7 (7) 3 (13) 5 (216) 15 (236)

Springer—Nature Publishing Group 5 (5) 3 (6) 0 (0) 8 (11)

Springer—Biomed Central (BMC) 4 (4) 4 (13) 0 (0) 8 (17)

SAGE Publications 2 (2) 1 (3) 3 (163) 6 (168)

Taylor and Francis—Dove Press 3 (3) 1 (4) 2 (62) 6 (69)

Spandidos 0 (0) 0 (0) 6 (210) 6 (210)

Frontiers 4 (4) 1 (8) 0 (0) 5 (12)

Taylor and Francis 2 (2) 0 (0) 2 (66) 4 (68)

Karger 1 (1) 2 (4) 0 (0) 3 (5)

e-Century Publishing Corporation 0 (0) 2 (5) 1 (10) 3 (15)

Mary Ann Liebert 1 (1) 1 (2) 1 (18) 3 (21)

Royal Society of Chemistry (RSC) 2 (2) 0 (0) 1 (70) 3 (72)

Hindawi 2 (2) 0 (0) 0 (0) 2 (2)

IOS Press 0 (0) 1 (6) 1 (11) 2 (17)

De Gruyter 2 (2) 0 (0) 0 (0) 2 (2)

IOP Publishing 1 (1) 0 (0) 1 (494) 2 (495)

Impact Journals 1 (1) 1 (4) 0 (0) 2 (5)

Elsevier—Cell Press 0 (0) 0 (0) 1 (21) 1 (21)

Assoc. Brasileira de Divulgação Científica 0 (0) 1 (9) 0 (0) 1 (9)

Cellular Physiol Biochem Press 0 (0) 0 (0) 1 (64) 1 (64)

BAKIS Productions LTD 0 (0) 0 (0) 1 (23) 1 (23)

International Scientific Information, Inc 0 (0) 1 (3) 0 (0) 1 (3)

Ingenta 0 (0) 0 (0) 1 (12) 1 (12)

International Assoc. of Online Engineering 0 (0) 0 (0) 1 (29) 1 (29)

PLoS 0 (0) 0 (0) 1 (17) 1 (17)

Verduci Editore 0 (0) 0 (0) 1 (165) 1 (165)

Portland Press 0 (0) 0 (0) 1 (48) 1 (48)

Otras (N = 8) 8 (8) 0 (0) 0 (0) 8 (8)

Table 2  Description of the number of journals and number of retracted paper mill papers by quartile

PPM= retracted paper mill papers, Q= Quartile

Group 1: one retracted paper mill paper. Group 2: 2–9 retracted paper mill papers. Group 3: 10 or more retracted paper mill papers

Quartile Group 1 (N = 71) Group 2 (N = 36) Group 3 (N = 35) Total

Journals (%) PPM Journals (%) PPM Journals (%) PPM Journals (%)

Q2 25 (35.2%) 25 11 (30.6%) 52 14 (40%) 547 50 (35.2%)

Q3 21 (29.6%) 21 11 (30.6%) 38 10 (28.6%) 402 42 (29.6%)

Q1 18 (25.4%) 18 6 (16.7%) 25 5 (14.3%) 141 29 (20.4%)

Q4 5 (7.0%) 5 4 (11.1%) 17 1 (2.9%) 12 10 (7.0%)

Quartile unknown 2 (2.8%) 2 4 (11.1%) 14 5 (14.3%) 732 11 (7.7%)
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Pharmacological Sciences (7.23) and Cancer Biotherapy & 
Radiopharmaceuticals (6.30) (Fig. 1).

Table  4 shows the distribution of the journals by 
group, by reference to the quantitative variables. A 
gradual increase was observed in the median of citable 
items as the group grew larger (Fig. 2c) (p-value = 0.41). 
The journals with most retracted paper mill papers 
published were mostly open access, with a median 
of 72.6%. In terms of JIF, 85.7% of the journals had an 
impact factor of less than 6. Molecular Cancer was 
the journal with the highest impact factor (37.3). The 
median impact factor remained at around 4 in all 
groups, and the median number of categories was 1 to 
2 for the three groups.

While Group 1 journals (1 retracted paper mill paper) 
had a median of 65 editors, Groups 2 (2–9 retracted 
paper mill papers) and 3 (10 or more retracted paper mill 
papers) had a median of 59 (p-value = 0.88). The percent-
age of papers retracted paper mill papers, relative to the 
total of citable items, was lowest in Group 3 (85.8%) and 
highest in Group 2 (92.0%) (Fig. 2a). In terms of time until 
the second editorial decision, construed as the median 
number of days from a paper’s submission until its formal 
acceptance, editorial time showed a possible tendency to 
become shorter as the Group became higher (Fig. 2b).

Correlation and regression analysis
Figure  3 shows the correlation matrix between the 
quantitative variables. There was an inverse correlation 
between the percentage of papermill papers and percent-
age of original papers published, with a Spearman’s Rho 
of −0.1891 (95%CI −0.370 to −0.008; p-value: 0.0293). 
The correlation between the percentage of articles and 
the JIF, as well as with the number of editors, could be 
an effect of the standardization of the variable “paper mill 
papers”. Supplementary Table  2 includes the correlation 
values.

The ordinal logistic regression found no significant 
association between the journals categorized into groups 
and the independent variables. Similarly, the binary logis-
tic regression showed no significant association between 
the “high volume of paper mill papers retracted” and 
these variables. The results of both regressions can be 
consulted in Supplementary Table 3.

Discussion
Main findings
The results of this paper suggest that retracted paper 
mill papers tend to be grouped within a small number 
of journals. These journals are typically in intermediate 
quartiles, are mostly open access, and have an inverse 
correlation with the percentage of original articles pub-
lished (i.e. the fewer original articles a journal publishes, 

the more paper mill retractions it has). Four journals 
were identified that were particularly implicated, with 
over 100 retracted paper mill papers in a period of three 
years: Journal of Physics: Conference Series, European 
Review for Medical and Pharmacological Sciences, Jour-
nal of Cellular Biochemistry and International Journal of 
Electrical Engineering and Education. There is an urgent 
need to address the systemic problems that lead to these 
high retractions rates in certain journals and publishing 
houses.

The findings of this study indicate that most journals 
impacted by paper mill papers are from the United King-
dom and the USA and associated with a limited group of 
publishers, including Elsevier, Springer, and Wiley. These 
publishers have responded to calls from the Committee 
on Publishing Ethics (COPE), which has urged the aca-
demic publishing community to take coordinated action 
against paper mills. In response, they have introduced 
measures to detect problems in their manuscripts, such 
as training for editors or investing in suspicious-paper 
detection systems [11, 15–18]. Regarding the identifica-
tion of the four journals with over 100 paper mill papers, 
most of the retractions in these journals, all currently rel-
atively reputable, have been thanks to the work of sleuths 
(external researchers), who have publicly highlighted sus-
picious characteristics in the published studies [18–20].

Our results are in line with previous research and con-
firm that journals with retracted paper mill papers are 
predominantly linked to the field of health sciences [1, 8–
10, 21]. Nevertheless, it highlights the fact that, though in 
a minority of cases, paper mills also affect other areas of 
knowledge, such as engineering, economic and social sci-
ences, physics, chemistry, and even education, something 
that should not be ignored when it comes to studying this 
phenomenon.

Previous studies, such as that by Pérez-Neri et  al. 
[10], reported a median impact factor of 3.119 for jour-
nals with retracted paper mill papers, and Qi et  al. [16] 
observed that almost all the journals displayed an impact 
factor lower than 5. Furthermore, these journals gener-
ally tend to be positioned in Q2 [17]. The results of this 
study are in line with previous evidence, indicating that 
the majority of the journals analyzed belong to interme-
diate quartiles. Yet, the position in the quartiles does not 
vary in relation with the number of retractions, which 
suggests that impact factors do not seem to be clear indi-
cators of the magnitude of paper mill-related retractions. 
This may be attributed to the complexity of the factors 
that influence such a retracted paper, as outlined in the 
journal’s position. Firstly, it might be expected that jour-
nals of greatest impact, subjected to more rigorous scru-
tiny, would have a greater ability to detect these papers 
produced by paper mills, but the evidence suggests that 
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they tend to register a lower number of retractions [22]. 
This may be because they do not publish a significant 
number of such papers in the first place. In contrast, 
journals with a lower impact factor may be more vulner-
able to a greater volume of fraudulent papers submission, 
which could result in a higher proportion of paper mill 
papers being published and subsequently retracted [23].

The analysis by group suggests an accumulation of 
paper mill-related retractions in open access jour-
nals, though the publishing model does not seem to be 
a related factor. Even so, journals, known as predatory 
(those which prioritize profit over scientific quality by 
publishing low-standard content) have arisen in the last 
decades, taking advantage of the open access model 
[24–28]. These types of journals could afford paper mills 
as a means for publishing fraudulent content, which 
would account for the high publication rate of related 
retractions.

Special numbers are particularly vulnerable to paper 
mill papers because they are edited and published sepa-
rately from the regular journal, usually by guest editors 
[15]. The former Hindawi publishing house withdrew 
thousands of papers in special editions, due to compro-
mised peer review [29]. The results of our study show 
that the higher the proportion of content such as reviews, 
short communications, letters to the editor, and editori-
als (i.e., a lower number of original papers published), 
the higher the number of retracted paper mill papers 
that a journal will contain. This therefore gives rise to 
the hypothesis that journals which publish more special 

numbers might be more susceptible to the introduction 
of false papers.

Although some studies suggest that a small number of 
editors may be representative of non- ethical practices 
[30], our study found no differences in the number of edi-
tors between journals with a single retraction and those 
with more than 10. It is, however, relevant to stress the 
surprising size of the editorial team in certain journals, 
which can rise to as many as 13,755 editors. The scien-
tific community has warned of paper mills paying bribes 
to editors and including their own agents on editorial 
boards to facilitate the publication of their manuscripts 
[15]. Reputable publishers such as Wiley and Elsevier 
have already been involved in such matters [15, 29], 
which underscores the need for greater surveillance and 
regulation of editorial-team integrity, and poses the ques-
tion of whether an editorial volume of such magnitude 
can be supervised in a way that will bolster ethical edito-
rial practices.

Lastly, the data gathered could suggest a possible 
reduction in editorial times in the group with the high-
est number of retractions, indicating that these journals 
would be opting for swifter editorial processes and a 
potential dubious review processes [25, 30].

Advantages and limitations
This study has a series of limitations. Firstly, it was only 
possible to include formally retracted paper mill papers, 
which may underestimate the magnitude of the prob-
lem and complicate the identification of associations. 

Fig. 1  Distribution of journals by density of retracted paper mill papers (number of retracted paper mill papers per 1,000 citable items)
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We acknowledge that the results of our study may not 
accurately reflect the actual scope of the phenomenon, 
as they depend directly on how scientific journals decide 
and manage to retract articles that have been identified 
as coming from paper mills. In other words, our find-
ings are conditioned by the current state of retractions, 
which represents a partial and dynamic snapshot of a 
broader and evolving situation. Since many journals may 
still have fraudulent articles published that have not yet 
been detected, our results should be interpreted as pro-
visional. These results may change as new detection tools 
are implemented and as journals continue their internal 
investigations.

Nonetheless, and precisely because of the dynamic 
nature of the phenomenon, we believe it is important 
to describe what is currently known. Therefore, study-
ing the characteristics of the journals affected with the 
data available at this moment is relevant and necessary. 
Understanding the profile of the journals that have been 
targeted by these fraudulent practices allows us to iden-
tify patterns of vulnerability, generate hypotheses, and 
guide editorial policies and preventive mechanisms—
even with the understanding that this portrayal is nec-
essarily incomplete. Having a characterization, although 
subject to future revision, is preferable to inaction or to 
waiting for a perfect picture that we may never have.

Secondly, the content obtained from the JCR database 
may be biased due to the deindexation of journals which 
do not comply with ethical standards, underrepresented 
journals with a greater record of retractions. Further-
more, data relating to editorial times and the total num-
ber of editors are reported by the journals themselves, 
which could introduce inherent biases due to the omis-
sion of data and lack of independent verification.

Thirdly, while we acknowledge that the Retrac-
tion Watch database may contain omissions or errors 
due to limitations inherent to its data collection 

Table 4  Characteristics of journals analyzed by group

PPM retracted paper mill papers, IQR interquartile range, JIF Journal Impact 
Factor (JCR), P25 25th percentile, P75 75th percentile

Group 1: one retracted paper mill paper. Group 2: 2–9 retracted paper mill 
papers. Group 3: 10 or more retracted paper mill papers

N Median P25-P75 min–max

Group 1 (N = 71)

  Number of PPM 71 1 1–1 1

  Total of citable items 70 8,797.5 4,123–22,952 620–738,367

  % of open access 70 19.2 10.3–97.55 1.4–100

  JIF 2022 70 4 2.9–5.4 1.4–37.3

  Number of categories 70 1.5 1–2 1–4

  % of papers 70 91.5 81.4–96.1 47.4–100

  Number of editors 70 65 45–115 4–10,111

  Days until 2nd editorial 
decision

25 116 82–142 27–181

Group 2 (N = 36)

  Number of PPM 36 3 2–6 2–9

  Total of citable items 33 13,883 6,420–27,506 1,622–110,561

  % of open access 33 22 10.97–92.55 0–99.7

  JIF 2022 33 3.6 3.1–5 1.4–11.3

  Number of categories 33 2 1–2 1–4

  % of papers 33 92 84.12–96.42 68.5–100

  Number of editors 33 59 46–86 9–13,755

  Days until 2nd editorial 
decision

16 103.5 67–127.5 16–164

Group 3 (N = 35)

  Number of PPM 35 25 16–54 10–494

  Total of citable items 30 18,956 5,686–28,011 2,857–886,919

  % open access 30 72.6 7.97–96.67 0–99.4

  JIF 2022 30 4 3.3–5.6 2–16.2

  Number of categories 30 1 1–2 1–4

  % of papers 30 85.8 76.03–92.88 54.6–100

  Number of editors 30 59 43–117 25–10,726

  Days until 2nd editorial 
decision

9 86 73–116 25–159

Fig. 2  Graphical representation of the median of (a) percentage of retracted paper mill papers, (b) days until second editorial decision, and (c) 
total citable items (expressed as logarithm), of journals categorized by group. The Boxplot depicts the interquartile range; the horizontal line 
in the Boxplot shows the median; the lower whisker indicates the lowest value excluding atypical values; and the upper whisker indicates 
the highest value. Atypical values are represented by crosses
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methodology—for instance, its reliance on public reports 
and the lack of systematic practices in some editorial 
sources—we consider it, at present, to be the most com-
prehensive, accessible, and rigorous source available for 
systematically studying the phenomenon of retractions 
related to paper mills. Retraction Watch uses a variety 
of data sources to ascertain the reasons for retraction of 
the papers included in their database, including editori-
als, direct communication with journal editors, PubPeer 
commentaries, and investigations conducted by external 
experts. While we consider this approach to be the most 
robust currently available for identifying paper mill-
related retractions, it remains possible that some studies 
were misclassified—either by being incorrectly labeled 
as paper mill products or by not being identified as such 
when they should have been. We also acknowledge that 
Retraction Watch might not be the best source to analyze 
in depth the characteristics of paper mill retractions, but 
we are not aware of a better source of information for 
this.

Furthermore, this study lacks a control group, which 
limits its capacity to make significant comparisons and 
establish solid conclusions about the distinctive charac-
teristics. Future studies should consider the inclusion of 
a control group to evaluate whether characteristics differ. 
Additionally, the study would be enriched by a differenti-
ated analysis of predatory journals to better understand 
their impact on the results. However, there is no objec-
tive and universally accepted tool to distinguish and 
classify journals as predatory or not. The problem is 
compounded by the possible lack of motivation of these 
journals to retract articles originating from paper mills, 
which means that certain journals are likely underrepre-
sented in our dataset and may affect the results obtained. 
Finally, the study period of two years, with a minimum of 
12 months after retraction, might be insufficient for the 
inclusion and follow-up of all retractions. The inclusion 
of a greater number of years would increase the robust-
ness of the associations observed.

With respect to the advantages of the study, on the 
one hand, the use of acknowledged, comprehensive data 

Fig. 3  Map of Spearman correlations: identification of statistically significant relationships. Green indicates statistically significant correlations; 
non-statistical correlations are shown in gray. Central numbers represent the value of the Spearman correlation coefficient (Rho)
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source, such as Retraction Watch, enables all retractions 
to be systematically included. Along with this, the use of 
JCR for gathering most of the study data ensures a solid 
basis for analysis. To our knowledge, previous studies 
have not exhaustively analyzed as many journal-related 
variables. Similarly, the use of a wide range of journals 
and their categorization into groups makes it possible 
to study differential characteristics by reference to paper 
mill penetration. To the best of our knowledge, no previ-
ous study has conducted an analysis of this nature, which 
suggests a novel contribution that may prove useful for 
future research.

Conclusions
The study reveals that retracted paper mill papers are 
concentrated in a small number of journals with certain 
common characteristics and suggests an inverse correla-
tion between retractions and the percentage of original 
papers published. No evidence was found to show that 
the size of the editorial team might affect retractions. 
Editorial decision times should be investigated as a pos-
sible indicator of journals prone to retract papers. The 
results of this study provide a clear, detailed picture of 
the characteristics of journals affected by the problem of 
paper mills, and knowing these may be fundamental to 
improve the evaluation processes of journals and guide 
researchers in the selection of appropriate journals for 
submitting papers, thereby ensuring the integrity and 
quality of academic literature.
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