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ABSTRACT
We aimed to quantify the number of pre- and post-retraction 
citations obtained by genetics articles retracted due to research 
misconduct. All retraction notices available in the Retraction Watch 
database for genetics articles published in 1970–2016 were 
assessed. The reasons for retraction were fabrication/falsification 
and plagiarism. The endpoints were the number of citations of 
retracted articles and when and how journals reported on retrac-
tions and whether this was published on PubMed.

Four hundred and sixty retracted genetics articles were cited 
34,487 times; 7,945 (23%) were post-retraction citations. Median 
time to retraction and time to last citation were 3.2 and 3 years, 
respectively. Most (96%) had a PubMed retraction notice, 
One percent of these were totally removed from journal websites 
altogether, and 4% had no information available on either the 
online or PDF versions. Ninety percent of citations were from 
articles retracted due to falsification/fabrication. The percentage 
of post-retraction citations was significantly higher in the case of 
plagiarism (42%) than in the case of fabrication/falsification (21.5%) 
(p<0.001). Median time to retraction was shorter (1.3 years) in the 
case of plagiarism than for fabrication/falsification (4.8 years, 
p<0.001). The retraction was more frequently reported in the 
PDFs (70%) for the fabrication/falsification cases than for the plagi-
arism cases (43%, p<0.001). The highest rate of retracted papers 
due to falsification/fabrication was among authors in the USA, and 
the highest rate for plagiarism was in China.

Although most retractions were appropriately handled by jour-
nals, the gravest issue was that median time to retraction for 
articles retracted for falsification/fabrication was nearly 5 years, 
earning close to 6800 post-retraction citations. Journals should 
implement processes to speed-up the retraction process that will 
help to minimize post-retraction citations.
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Introduction

Article corrections and retractions are the two main pillars of the self- 
correcting approach of science. Data suggest that some 4 out of 10,000 
articles are retracted (Brainard and You 2018) and that this rate is increas-
ing in recent years (Bhatt 2020). Authors or editors retract articles due to 
ethical or methodological flaws in their execution and/or publication or 
because of other range of reasons, indicating that the scientific community 
in many cases must no longer rely on these text findings. One useful metric 
for measuring dissemination is the number of citations received by an 
article. However, it is well known that the retraction of an article could 
be followed by a rapid decline in the number of citations, although it could 
be cited as if the work were still valid (Fang, Steen, and Casadevall 2012). 
The latter could happen, on the one hand, if authors are not informed of 
the retraction, even though many journals and databases such as PubMed 
and Web of Science usually mark the titles of retracted articles. 
Nevertheless, retractions are not displayed clearly and consistently across 
platforms (Bakker and Riegelman 2018). On the other hand, authors could 
cite retracted articles when citing secondary sources—the “cut and paste” 
method (Madlock-Brown and Eichmann 2014)─leaving them unaware that 
they have been retracted. Yet, the delay between the publication of the 
article and that of the retraction notice could be considered the most 
relevant factor to ensure the correct approach to future research, and the 
use of only valid results for appraising and synthesizing evidence.

Research misconduct is commonly defined as fabrication, falsification, or 
plagiarism (OSTP 2000; ALLEA 2017). These three types of research mis-
behavior are considered especially serious because they distort the research 
record (ALLEA 2017). Other unethical research practices (e.g., mistreat-
ment of research subjects, failure to disclose conflicts of interest, misrepre-
sentation of data) have been added to these three by some national 
regulations (Resnik, Rasmussen, and Kissling 2015), research integrity 
codes and different stakeholders (Dal-Ré et al. 2020), but there is a lack 
of consensus on whether any additional examples of research misbehavior 
should be added to these three categories. Research misconduct has 
a personal, economic, social, and scientific impact (Lu et al. 2013; Stern 
et al. 2014; Mongeon and Lariviere 2016), jeopardizing future research and 
even patient care (Garmendia et al. 2019).

Genetics is relevant to all life-science disciplines, with thousands of inves-
tigators across many areas of specialization within this branch of science. To 
the best of our knowledge, only one previous study on retracted genetics 
articles describing in detailed the reasons and the times needed for retraction 
has been published (Dal-Ré and Ayuso 2019). One third of retracted genetics 
articles were retracted due to research misconduct (Dal-Ré and Ayuso 2019). 
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No reports have focused on citations received by genetics articles retracted 
due to research misconduct or how journals reported these retractions to 
their readership. To address this knowledge gap, an in-depth analysis of these 
two topics was deemed warranted, especially when in 2009, the Committee 
on Publication Ethics (COPE) issued guidelines to standardize the publica-
tion of retractions (Wager et al. 2009).

In this study, we aimed to assess the number of citations obtained by 
retracted genetics articles—both pre- and post-retraction—due to research 
misconduct (i.e., fabrication, falsification, plagiarism), and the types of 
retraction announcements published by journals and on PubMed. 
A comparison of these variables between articles retracted due to falsifica-
tion/fabrication and articles retracted due to plagiarism was also conducted.

Materials and methods

This cross-sectional study was based on a search of the Retraction Watch 
database (RWdb) (Retraction Watch Database 2020) conducted on 
January 14−16, 2019 for articles published between 1 January 1970 and 
31 December 2016. The following descriptors were applied: Nature of notice: 
“retraction”; article types: “case report,” “clinical study,” “commentary/edi-
torial,” “letter,” “meta−analysis,” “research article,” and “review article,” 
using the Boolean operator “OR.” Subjects: “genetics.” This strategy allowed 
us to exclude other types of articles such as “conference/abstract/paper,” 
“dissertation/thesis,” and “government publication.” Then, as is predefined 
on the RWdb, the “reasons for retraction” searched for were as follows: 
falsification/fabrication or plagiarism (Supplemental material-1).

We retrieved the following information from the RWdb: PubMed ID or 
DOI of the original paper, date of publication of the original article and that 
of the retraction notice, journal, and country (ies) of origin of the authors. 
All Google Scholar citations for a given article were included in the study 
except those referring to patents. This meant that in addition to journal 
articles, we also retrieved other types of documents such as theses, books, and 
preprints. All citations written in English, French, Italian, Portuguese and 
Spanish were checked. Considering that a manuscript could be in the editor-
ial process when a retraction notice was published, providing a 6-month 
“safety” period was a reasonable approach (Himmelstein 2016; Hamilton 
2019). Hence, only articles published (first publication online or on paper) 
six or more months after the retraction notice was published were considered 
to be instances of post-retraction publication. All post-retraction publications 
were considered to be written after the authors would have ready access to 
the retraction notice. The publication date of each document was ascertained 
to be considered a post-retraction publication; those that could not be 
ascertained (e.g., owing to language issues) were not included as post- 
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retraction publications. How journals informed readers at the article level 
that the text had been retracted was assessed in all retracted articles. This 
could be found on the journal’s website in the online version of the article, 
and in the article’s PDF (as a watermark—either transparent or opaque— on 
each article page or a note on the first page). A retracted article was classified 
as “removed” if the original webpage for the article and the retraction noticed 
were found, but the article itself had been removed; also, PDF versions could 
be removed (not available for download) but the online version of the article 
could be available.

In addition, we checked whether PubMed contained information related 
to articles that had been retracted through specific retraction notices. The 
Journal Citation Reports database was used to determine the journal impact 
factor. Since this information is only available for articles published from 
1997 onwards, we noted the journals’ 2017 impact factor (or the most recent 
impact factor available).

The search on Google Scholar was conducted between February 22 and 
9 March 2019. To provide articles a minimum of 8 months to be cited after 
their retraction, and considering the above-mentioned “safety” period, only 
articles retracted up to 31 December 2017 were included in the analysis. Data 
were retrieved and checked by one author (RDR); the other author (CA) 
checked for data consistency using a random sample (by means of a random 
integer generator; https://www.random.org/) of 25% of all retracted articles 
and found no inconsistencies.

Statistical analyses

Categorical data were reported using frequencies and percentages. 
Continuous variables were described using medians and interquartile (Q1, 
Q3). Descriptive statistics of the number of citations (total number, and those 
occurring pre- and post-retraction) due to both types of research misconduct 
(falsification/fabrication, plagiarism), and time to analysis (i.e., time between 
the retraction date and the date of analysis), time to retraction (i.e., time 
between article publication and the retraction date), and time to last citation 
(i.e., time elapsed between the retraction date and the last citation) were 
calculated for the whole sample (genetics articles) and both types of research 
misconduct. Comparison of time to analysis, time to retraction, and time to 
last citation between retractions for falsification/fabrication and plagiarism 
were compared by means of the Mann–Whitney U test. We used the chi- 
square test to compare the pre- and post-retraction percentages of citations 
and the number of articles with at least 50% of citations 6 months after the 
publication date of the retraction notice that was retracted due to falsifica-
tion/fabrication with those retracted due to plagiarism.
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We used descriptive statistics to study the information available to readers 
via the online version, PDF version, and on PubMed for those genetics 
articles retracted on the grounds of the two types of research misconduct, 
as well as the authors based in the five countries with the highest number of 
retracted articles. To determine whether genetics articles retracted due to 
falsification/fabrication were reported to readers differently compared with 
retractions due to plagiarism, a comparison was conducted by means of the 
Fisher exact test (retraction reported in the article’s online version) or chi- 
square test (retraction reported in the article’s PDF version or on PubMed). 
The journal’s impact factor for genetics articles retracted for falsification/ 
fabrication and those retracted for plagiarism were compared using the 
Mann–Whitney U test.

A Bonferroni correction was applied for multiple testing. All tests were 
two-tailed; p < 0.01 was considered statistically significant. Statistical analyses 
were performed using R.3.5.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Results

The search yielded 460 retracted articles that were published in 237 different 
journals and received 34,487 citations (Table 1) (Supplemental material-2). 
The number of citations received before the retraction notices were published 
was 3.3 times higher than those received after retraction [26542 (77%) vs 
7945 (23%)]. One out of four retracted articles received at least 50% of its 
citations after retraction. The median time to retraction was 3.2 years, while 
the median time to the article’s last citation was 3 years. In 86% of cases, 
journals informed readers of the retraction of the articles’ online full version, 
whereas this was the case in 62% of PDF versions (56% with a watermark, 6% 
with an accompanying note). Almost all retracted genetics articles (96%) had 
a PubMed retraction notice. Retracted articles were published in journals 
with a median impact factor of 4 (Table 1). There were 18 cases (4%) of 
retracted articles with no information available on either the articles’ online 
version or the PDF. Most articles (81%, 376/460) were retracted after 2009.

Only 4 (0.9%) retracted articles had both falsification/fabrication and 
plagiarism issues; as a result, we had to consider 464 retracted articles 
when we split them into the two types of research misconduct. Of all 
retracted articles, 72% (332/464) were due to falsification/fabrication issues 
and 28% to plagiarism issues (Figure 1; Table 2). The 332 articles retracted 
due to falsification/fabrication were cited 31,515 times, whereas the 132 for 
retracted due to plagiarism were cited 3,368 times. Post-retraction citations 
were more frequent (42%) in the plagiarism cases than in the falsification/ 
fabrication cases (21.5%; p < 0.001). Median time to retraction was statisti-
cally significantly lower (p < 0.001) with articles retracted due to plagiarism 
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(1.3 years) than for those retracted due to falsification/fabrication (4.8 years). 
Similarly, 46% of articles retracted due to plagiarism received at least 50% of 
post-retraction citations, whereas this happened with only 17% (p < 0.001) of 
articles retracted due to falsification/fabrication.

There were no differences in how journals reported retractions on articles’ 
online versions between those linked to falsification/fabrication and those due 
to plagiarism. Conversely, in PDFs, journals reported statistically significantly 
(p < 0.001) more retractions when these were due to falsification/fabrication 
than when the retraction was due to plagiarism (Table 3). In fact, only 43% of 
plagiarized articles reported the retraction on their PDFs, whereas this hap-
pened in 70% of articles retracted on the grounds of falsification/fabrication. 

Table 1. Genetics articles retracted due to research misconduct (up to March 2019). Variables 
regarding citations, how journals informed about the retraction, and JCR impact factor. N = 460.

Number of citations N (%)—median (Q1, Q3)
Total 34487 − 29 (9, 75)
Before publication of the retraction notice (pre-retraction 
publication)

26542 (77.0) −18 (4, 56)

After publication of the retraction notice (post-retraction 
publication)a

7945 (23) − 6 (2, 17)

Time (years) to analysisb. Median (Q1, Q3) 4.7 (2.6, 8.1)
Time (years) to retraction datac. Median (Q1, Q3) 3.2 (1.3, 6.4)
Time (years) to last citationd Median (Q1, Q3) 3 (2, 6)
Year of publication of retracted articles Median (range) 2008 (1988 − 2016)
Year of publication of the retraction notices Median (range) 2014 (1990 − 2017)
Last year with citation (s) Median (range) 2018 (1998 − 2019)
Number of articles with ≥ 50% of post−retraction citations e 

N (%) [95% CI]
115 (25) [21.1, 29.2]

Information that the article has been retracted appearing in the 
online full text version N (%) [95% CI]
Yes 396 (86.1) [82.9, 89.2]
No 59 (12.8) [9.7, 15.7]
Article removed 5 (1.1) [0.4, 2.5]

Information that the article has been retracted in the PDF 
N (%) [95% CI]
Yes (watermark) 258 (56.1) [51.6, 60.6]
Yes (note) 28 (6.1) [3.9, 8.2]
No 49 (10.7) [7.8, 13.4]
Article removed 48 (10.4) [7.6, 13.1]
No checked (paywall access) 77 (16.7) [13.3, 20.2]

Retraction reported on PubMed N (%) [95% CI]
Yes 441 (95.9) [94.1, 97.7]
No 19 (4.1) [2.3, 5.9]

Countries of origin f N USA 191, China 93, Japan 47, India 30, UK 22
Journals’ JCR impact factor g Median (Q1, Q3) 4.0 (2.9, 7.4)
Journals with high (>20) JCR impact factor : N Science 13, Cell 12, Nature 7, Cell 

Metabolism 1, Lancet Oncology 1,

(a) articles published (first publication online or on paper) 6 or more months after publication of the 
retraction notice; (b) time to analysis: time from retraction date to the date of analysis; (c) time to 
retraction: time from article publication to retraction date; (d) time to last citation: time from retraction 
date to last citation; (e) Number of citations 6 months after publication of the retraction notice; (f) Only the 
top five countries are mentioned; (g) N = 450; JCR: Journal Citation Reports 
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The percentage of articles without open access (paywalled access) was 2 times 
higher for articles retracted due to plagiarism (27%) than for falsification/ 
fabrication (13%). Retraction notices indexed in PubMed were more frequent 
(p < 0.001) for cases of falsification/fabrication (98%) than for cases of plagiar-
ism (91%). The USA was the country of origin of 53% of articles retracted due 
to falsification/fabrication, whereas most retractions due to plagiarism were 
from China (46%).

Finally, journals that had retracted genetics articles due to falsification/ 
fabrication had a significantly higher (p < 0.001) impact factor (4.4 median; 
Q1, Q3: 3.8, 9.5; N = 329) than those that had retracted articles due to 
plagiarism (2.3 median; Q1, Q3: 1.4, 3.2; N = 121).

Discussion

This is the first study on citations received by retracted genetics articles and the 
first to conduct an in-depth comparison between the two types of research 
misconduct. Available data show that between 1996 and 2016 some 910,000 
genetics articles were published (Scimago 2020). Our data showed that out of 
460 genetics articles published between 1988 and 2016 that were eventually 
retracted up to 31 December 2017, falsification/fabrication was 2.5 times more 

Figure 1. Flowchart. Genetics articles hosted on Retraction Watch database published in 1970– 
2016, retracted due to fabrication/falsification or plagiarism, and number of citations. *Of a total 
of 460 retracted articles, four of them were retracted for fabrication/falsification and plagiarism; 
that is why there are 332 retracted articles due to fabrication/falsification and 132 for plagiarism. 
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frequently the reason for retraction than plagiarism. This figure falls between 1.1 
for retracted psychology papers (Stricker and Günther 2019) and 4.4 for retracted 
biomedical articles (Fang, Steen, and Casadevall 2012).

Our data showed that the median number of citations per retracted 
genetics article, 29, was significantly associated with the reason for retraction: 
46 for falsification/fabrication and 7.5 for plagiarism. The statistically sig-
nificantly different time to retraction of articles on the grounds of falsifica-
tion/fabrication versus plagiarism seemed to play a role in the latter finding 
(see below). Other studies on retractions for all possible reasons have found 
medians of 4, 6, 8, and 18 citations per retracted article, in chemistry and 
material science (Coudert 2019), orthopedics (Yan et al. 2016), obstetrics and 
gynecology (Chambers, Michener, and Falcone 2019), and oncology (Bozzo 
et al. 2017), respectively. These differences could be due to the specific 
features of the discipline under study, the different data sources (e.g., 
Google Scholar, PubMed, Web of Science), the distribution of reasons for 
retraction in the sample under evaluation—which, as shown here, could be 
critical—and the median time elapsed from the retraction to the date of 
analysis—which was 4.7 years in this study. This latter is seldom reported in 
other studies. These three variables should be taken into consideration by 
future investigators when conducting retraction analyses on any discipline.

The COPE guidelines state that retraction notices “should be published 
promptly in order to minimize harmful effects from misleading publica-
tions” (Wager et al. 2009). Our data showed that the median time from 
article publication to retraction was 3.2 years—with a maximum of 32 years 
—but with statistically significant differences between those retractions due 
to falsification/fabrication (4.8 years) and plagiarism (1.3 years). This could 
be explained, at least in part, by the pervasive use of software products that 
check for plagiarism. Fang , Steen, and Casadevall (2012) also found that 
the retraction of articles due to plagiarism took almost half of the time 
needed for retractions due to falsification/fabrication. Other studies have 
shown that the median time to retraction varied between 1 and 2.5 years 
(Faggion et al. 2018; King et al. 2018; Chambers, Michener, and Falcone 
2019; Coudert 2019; Mena et al. 2019; Kardes et al. 2020; Rapani et al. 
2020), with maximum delays of 13 (Mena et al. 2019), 16 (King et al. 2018), 
18 (Coudert 2019) and 21 (Chambers, Michener, and Falcone 2019) years. 
Most (81%) retractions were between 2010 and 2016—after the COPE 
guidelines had been published—which translated to an increase in the 
number of retractions in the last years of the analysis. Similarly, recent 
studies on retractions in different disciplines found that between 54% and 
80% (Yan et al. 2016; Bozzo et al. 2017; Wang et al. 2017; Faggion et al. 
2018; Chambers, Michener, and Falcone 2019; Coudert 2019; Mena et al. 
2019; Kardes et al. 2020) of all retractions were in the last 5–10 years of the 
analysis.
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Journals should not remove retracted articles (Wager et al, 2009; ICMJE, 
2019) and retraction notices should be linked to the article, in both the PDF 
and online version (Wager et al. 2009). Our data show that only 1% of 
retracted genetics articles were totally removed from journals’ websites. 
This is a remarkably lower percentage than that found in other studies, 
which varied from 8% (Yan et al. 2016; Bakker and Riegelman 2018) to 9% 
(Bozzo et al. 2017). However, an additional 4% did not provide any informa-
tion whatsoever—neither in the online version nor in the PDF— that the 
article had been retracted. In our study, journals informed about retraction in 
the online full version in 86% of cases. With regards to stamping 
a watermark on the pages of the PDF to indicate retraction of the article, 
this was the case in 56% of all retracted genetics articles with available PDFs, 
that is at the lower limit of data reported for other disciplines between 56% 
and 89% (Yan et al. 2016; Bozzo et al. 2017; Wang et al. 2017; Bakker and 
Riegelman 2018; Mena et al. 2019; Nair et al. 2020; Rapani et al. 2020).

The overall rate of post-retraction citations of retracted genetics articles, 
23%, is quite different from the 38% observed in urology (Mena et al. 
2019)─the only one article that, to the best of our knowledge, reported this 
figure. It should be highlighted that the percentages of pre-/post-retraction 
citations in plagiarized and subsequently retracted genetic articles differed 
from those articles retracted on the basis of falsification/fabrication. Due, in 
part, to this fact, 46% of plagiarized genetics papers received at least 50% of 
post-retraction citations—as opposed to 17% of papers retracted due to 
falsification/fabrication—suggesting that many authors citing such retracted 
papers were unaware of the publication of the retraction notices or simply 
disregarded them. This might also be related to another finding of this study, 
specifically that journals handling articles retracted due to plagiarism 
informed readers with significantly less transparency than those handling 
retractions due to falsification/fabrication. Thus, authors who directly 
accessed the PDFs of retracted articles would most likely have been mis-
guided in more instances when consulting articles retracted due to plagiarism 
than those consulting papers retracted due to falsification/fabrication. 
However, this would not have been the case for those authors accessing 
retracted articles through the journals’ websites, since they would have had 
access to the online full-text version, which reported similarly on retracted 
articles regardless of the reason for retraction.

PubMed indexed retraction notices for 96% of retracted genetics articles, 
although this was statistically significantly more common when reporting on 
articles retracted due to falsification/fabrication (98%) than to plagiarism 
(91%). This is a very high percentage when compared to an analysis of 
retracted mental-health articles retrieved from the RWdb, with only 62% 
having retraction notices on PubMed (Bakker and Riegelman 2018). The 
retracted genetics articles were published in journals with a median impact 
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factor of 4; other studies have reported median impact factors of retracted 
articles of 2.4–3.6 (King et al. 2018; Chambers, Michener, and Falcone 2019; 
Mena et al. 2019; Nair et al. 2020). Of note, the median impact factor for 
genetics articles retracted as a result of falsification/fabrication was almost 
double (4.4) that of genetics articles retracted as a result of plagiarism (2.3). 
Most retracted articles were by authors from the USA and China, as reported 
elsewhere (Fang, Steen, and Casadevall 2012; Wang et al. 2017; Chambers, 
Michener, and Falcone 2019; Coudert 2019; Mena et al. 2019).

Limitations

This study has several limitations. First, we used only one source of 
retracted articles, the RWdb. Although this is the most comprehensive 
and largest database of retracted articles (Brainard and You 2018), we 
could have missed some retracted genetics articles. However, there are 
data suggesting that the RWdb hosted more retracted articles than 
PubMed and the Web of Science (Bakker and Riegelman 2018). Second, 
the RWdb did not distinguish between fabrication and falsification as 
reasons for retraction. However, the seven platforms (databases and aggre-
gators, such as EBSCO, PubMed, Web of Science, and Scopus) assessed by 
Bakker and Riegelman (2018) inconsistently met the COPE guidelines on 
standardization of retraction notices. Therefore, this limitation was offset by 
the fact that using the information on retraction notices would have posed 
another issue since it is not standardized, varies substantially across jour-
nals, and could even be misleading through ambiguous wording (King et al. 
2018; Chambers, Michener, and Falcone 2019). Third, we used only Google 
Scholar to search for citations from the retracted papers, when there are 
other available databases. Nevertheless, it has been shown that Google 
Scholar is much more consistent in finding citations than the Web of 
Science and Scopus across all disciplines (Hamilton 2019; Martin-Martin 
et al. 2018). In addition, it would have been altogether inefficient to check 
the 34,487 Google Scholar citations (or a meaningful percentage) against 
the tens of thousands from other databases to find out which ones could be 
added. However, we admit that some citations have been missed. Fourth, 
citations could be positive, neutral, or negative, and we did not check this. 
Checking this feature in close to 34,500 articles was inefficient and beyond 
the scope of this study. In any case, only a low percentage of citations are 
negative—i.e., referring to the retracted article as such. Some 2% (Catalini, 
Lacetera, and Oettl 2015) of citations are negative, although this figure 
could be higher in specific disciplines [e.g., 7% in radiation oncology 
(Hamilton 2019) or 10% in dentistry (Rapani et al. 2020)]. Fifth, we 
assessed the relevant data of those publications that appeared in Google 
Scholar in English and four Romance languages (i.e., French, Italian, 
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Portuguese, and Spanish) and in those written in other languages that 
provided the data of interest. Finally, this study, as in the case for all 
studies conducted based on retractions, did not include other flawed papers 
that have not been retracted or even articles whose authors have been 
found guilty of research misconduct but with no retraction notice published 
(Drimer-Batca, Iaccarino, and Fine 2019).

It is of concern that many retracted genetics articles—as shown in this study— 
and articles retracted in other disciplines (Yan et al. 2016; Bozzo et al. 2017; Wang 
et al. 2017; Bakker and Riegelman 2018; Faggion et al. 2018; Stricker and Günther 
2019; Chambers, Michener, and Falcone 2019; Coudert 2019; Mena et al. 2019) 
inconsistently followed the COPE guidelines. The fact that a significantly lower 
percentage of post-retraction citations were linked to falsification/fabrication (22%) 
than to plagiarism (42%) should be highlighted since the former—which indicates 
misrepresentation of the truth (Kuroki 2018)—is a much more serious type of 
research misconduct than the latter—which implies a betrayal of trust (Kuroki 
2018)—in that it misleads future research, wastes human and technical resources, 
and potentially leading to harm for patients (Steen 2011; Garmendia et al. 2019). 
Both, however, are impacting the trust of society in science.

Several proposals have been put forward to minimize the number of 
citations of retracted articles. A number of stakeholders should be 
involved in this. One could think that peer reviewers, as experts in the 
field, could check the references of manuscripts and flag to the editor any 
retracted article mentioned in them. However, it seems likely that most 
reviewers will decline to do this, as they do not tend to crosscheck the 
information of the manuscript with that of the registry to prevent out-
come reporting bias (Mathieu, Chan, and Ravaud 2013). Editorial teams 
could screen manuscript references before publication to remove them or 
to determine whether a given reference was retracted (Bar-Ilan and Halevi 
2017): this would be a useful preventive measure to minimize the con-
sequences of post−retraction citation. This task −which is now facilitated 
by the RWdb− takes a similar approach to that of the detection of image 
manipulations in the editorial process that a number of journals have 
already put in place. In addition, editors should work to improve the 
consistency and transparency of journals with regards to article retractions 
(Chambers, Michener, and Falcone 2019). From the publishers’ side, they 
could accept that content aggregators make retraction notices readily 
available across proprietary database platforms (Zietman, Yom, and 
Braverman 2019). Finally, it would be of great help for journals if the 
COPE were to issue guidelines on what editors should do when realizing 
that a manuscript has included post-retraction citations (Bar-Ilan and 
Halevi 2017). In any case, in the current scenario, the number of post- 
retraction citations could be minimized if authors check all the references 
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mentioned in their manuscripts and if journals follow the COPE guide-
lines (Wager et al. 2009).

Conclusion

This work has shown that close to 25% of citations of genetics articles 
retracted due to research misconduct occurred after retraction of the 
article. However, the most important issue was the long time elapsed 
between the publication of the article and its retraction for articles 
retracted for falsification/fabrication, which implies betrayal of truth. 
Thus, the median time to retraction for articles retracted for this reason 
was nearly 5 years; in this period, these retracted articles earned close to 
6,800 post-retraction citations. These figures for articles retracted for 
plagiarism were remarkably different: time to retraction was more than 
one year, with more than 1,400 post-retraction citations. Journals should 
implement processes to enhance transparency, standardize retractions, and 
minimize post-retraction citations.
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