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Abstract
Background and Objectives: To survey the citations of retracted non-Cochrane systematic reviews (SRs) in scientific literature.
Methods: We searched the Web of Science and Google Scholar from their inception to 30 April 2020 to find the citations of 153 previously identified retracted non-Cochrane SRs. We calculated the numbers of citations before and after retraction separately. We also
described how the citation addressed the retraction and how it was used in the article.
Results: A We identified 954 citations of 128 retracted SRs. The number of retracted SRs and citations reached the peak in 2014 and 2016,
respectively, and the majority of the citations (n 5 580, 60.8%) were in articles published after the SR was retracted. The mean number of
citation per retracted SRs was 7.5. 2.6 before and 4.5 after the publication of the retraction notice. Twenty-nine (5.0%) citations indicated
the retraction of the SRs in the reference section. Nine of these citations supported the retracted SR’s results, and 15 disagreed with them.
Conclusion: Retracted SRs continue to be cited after the publication of the retraction notice. Standardized methods are needed to guide
the management of retractions and avoid inappropriate citations of retracted articles. Ó 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Systematic reviews; Meta-analyses; Retraction; Citation; Citation analysis; Non-Cochrane

1. Introduction
Scientific rigor is the cornerstone of medical research
and the main guarantor of scientific progress and effective
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dissemination of research achievements [1,2]. In recent
years, the academic and professional pressure to publish
has increased, which has seriously damaged the scientific
integrity and rigor of research [3]. The annual number of
articles withdrawn has increased 19-fold between 2001
and 2010, or 11-fold when adjusted for the total amount
of published literature and repeat offenders [4]. Retraction,
usually disclosed in the form of a retraction statement issued by the journal, is the ultimate means to correct serious
defects or errors in the literature, and alerts the reader of the
unreliability of the article’s content [5]. However, it is not
uncommon that retracted literature continues to be cited
[1,6,7], including both citations that occur before the

https://doi.org/10.1016/j.jclinepi.2022.05.013
0895-4356/Ó 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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What is new?
Key findings
 Retracted systematic reviews continue to be cited
after the publication of the retraction notice.
 The failure of the journal to mark the retraction on
time and the author’s intentional or unintentional
citation of retracted SRs without mentioning the
retraction status may lead to the retracted SRs’ being cited even more after the retraction than before.
What this adds to what was known?
 A retracted article can still, despite the false results, influence future research in a positive way
if correctly cited. As for the retraction, what should
be done is to stop the spread of wrong information
and cite them standardly.
What is the implication and what should change
now?
 Authors should maintain academic rigor when citing SRs, and confirm the validity of all references
before publication.
 Periodical journals should establish an appropriate
identification and management mechanism for
retractions.

publication of the retraction notice, and erroneous citations
that are made after the retraction. The former is a serious
but inevitable issue that can affect the reliability of future
research [7], but reasons and consequences of citations after
the publication of the retraction notice are worth a detailed
investigation.
It is generally recognized that retraction should be the
end of the life of a paper, but in practice this is not the
case [2]. An article published by Wakefield et al. in
1998 was formally retracted by The Lancet in 2010
because of false ethical claims. However, the paper continues to be cited after the retraction [8e10]. As of
December, 2021 [11], this paper has been cited more than
1,400 times according to the Web of Science, and nearly
50% of the citations occurred after the publication of
the retraction notice. An investigation of post-retraction
citations in the field of diagnostic radiography showed
that 96% of the studies citing retracted articles used the
citation to support their own findings, and less than 2%
indicated in the text body or references that they cited retracted articles [1]. The Committee on Publication Ethics
(COPE) states that the retraction of an article should be
clearly identifiable on all electronic sources, including
the journal website and any bibliographic databases [5].
Citing studies with an unclear retraction status has the

potential to mislead clinical practice and future research,
cause cascading damage to the quality of research, and
undermine the scientific integrity of research.
Systematic reviews (SRs) are considered as the backbone of evidence-based decision-making, and provide
the best research evidence for clinical practice [12e14].
Meta-analyses and systematic reviews were the second
most common type of study among articles retracted between 1971 and 2020 [15]. Citations of retracted SRs
may thus influence the reliability of clinical practice
guidelines and affect policy making. On behalf of the
Publication Science of Retracted Studies (PRESS) working group, we have previously analyzed the retraction status and reasons of non-Cochrane SRs in the field of
medicine [16]. In the present study, we explored further
the citations of retracted SRs and the factors affecting
the number of their citations.

2. Methods
2.1. Literature search
We included the 159 non-Cochrane SRs in medicine retracted between 2004 and 2020, which were identified in
our previous study [16], and excluded the articles that were
republished or not cited by any studies. To collect the citations of retracted SRs, two researchers (Zijun Wang and
Qianling Shi) searched the ‘‘Cited Reference Search’’ of
Web of Science as well as Google Scholar using the titles
of the retrieved retracted SRs with no language restriction
from their inception to 30 April 2020. We included citations of retracted SRs published in medical journals. We
excluded citations that either (I) did not actually cite the retracted SR; (II) for which the full text could not be downloaded; or (III) were duplicates.
Two researchers (Zijun Wang and Qianling Shi) independently downloaded and screened the full-texts of the articles citing retracted SRs.
2.2. Date extraction
Basic information of the retracted SRs (first author, the
World Health Organization [WHO] region of the first
author, publication date, retraction date, main reason of
retraction, number of citations per retracted SR, and
whether the SR was cited by the retraction notice) were
retrieved from our previous publication. Six researchers
grouped in three pairs (Group 1: Zijun Wang, Qianling
Shi; Group 2: Siya Zhao, Shuya Lu; Group 3: Qi Zhou,
Ruizhen Hou) independently extracted the following data
for each include retracted SR: (I) basic information of the
citations: dates of the citations, number of citations in articles that were published before and after the retraction,
respectively, the number of citations that occurred within
one month before or after the SR was retracted, first author,
the WHO region and affiliation of the first author, journal
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impact factor (the Journal Citation Reports 2018) and rank
(determined by comparing the impact factor of a journal
within the Journal Citation Reports category [17]), and
the field (medical versus non-medical) and study type of
each citing article; and (II) format of citations: whether
the retracted SR together with the retraction notice, whether
the SR was labeled as retracted in the citation, whether the
reason of retraction was reported, section of the article
where the SR was cited and interpretation of the retraction
of the SR. We categorized the citations into positive, negative, and neutral according to the definition by Barilan and
Halevi [18]. Positive citation means the findings of the cited
articles were used to corroborate the citing article; negative
means the authors mentioned the retracted article but disagreed with its results; and neutral means the cited article
was mentioned only as a publication that appears in the
literature without any judgment on its validity. Any discrepancies were settled by discussion.
2.3. Data analysis
Two researchers (Zijun Wang and Siya Zhao) collated
and analyzed the data using Microsoft Excel 2019. For
continuous variables, we abstracted the mean, standard deviation (SD), median and range (minimum to maximum) or
interquartile range (IQR); for dichotomous variables, we
abstracted frequency and percentage. Scatter plot was used
to visualize the time between retraction and citation. We
also described and how the citation was used to support
the citing article, and how the retraction status was
addressed.
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3. Results
3.1. Included studies and basic information
Six of the 159 retracted SRs identified in our previous
study were subsequently republished and thus excluded
from this analysis. Our initial search revealed 1,181 citations of the remaining 153 SRs. After application of the
exclusion criteria, 1,066 citations (112 retraction notices
and 954 articles) were included (Fig. 1). Twenty-five of
the 153 retracted SRs identified in our previous study were
not cited and thus excluded from this analysis.
The number of citations of retracted SRs increased
over time following the trend of the SR retractions with
a gap of 2-3 years, reaching the peak in 2016 (n 5 189,
19.8%) (Fig. 2). The median time between the original
publication of the retracted SR and its subsequent retraction is 15 months. Most of the retracted SRs (n 5 107,
83.6%) and almost half of the citations (n 5 399,
41.8%) were published in the Western Pacific region
(WPR). All included SR except one were cited less than
30 times. The impact factors of the journals where the retracted SRs were cited ranged from 0.090 to 70.67.
Almost all (n 5 942, 98.7%) citations were in articles
related to medicine. A total of 206 citations (21.6%) were
in narrative reviews, and 205 (21.5%) in SRs (Fig. 3).
Most of the citations (n 5 580, 60.8%) were published after the retraction notice. Twenty-nine (5.0%) citations
marked the retraction of the SR in the reference list,
although the remaining articles (n 5 551, 95.0%) did
not indicate in any way that the cited SR was retracted
(Supplement 1).

Fig. 1. Flow diagram of the literature search. *SRs: Systematic reviews.
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Fig. 2. Publication years of retracted systematic reviews with their citations.

these SRs were not as frequently cited (6.2 6 5.1) as those
from most other regions. The number of citations per SR
was also higher after than before retraction among SRs
led by authors from WPR. The number of citations per
SR was highest for SRs published in the highest-ranking
quartile of journals (12.6 6 15.2), lowest in the lowestranking quartile (5.1 6 3.1) (Table 1).

3.2. Frequencies of citations of retracted SRs
The median number of citations per SR was 5.5 (IQR 29), with the highest number of citations of a single SR being 69 [19]. Seventy-eight (60.9%) and 109 (85.2%) SRs
were cited before and after the retraction notice was published, respectively. The mean number of citations per SR
in articles published after retraction was higher than before
retraction (4.5 6 7.3 vs. 2.6 6 4.0). SRs led by authors
from universities were cited more frequently (9.4 6 8.8)
than SRs led by authors with other types of affiliations.
The mean number of citations per SR was higher for SRs
led by authors from the WHO Region of the Americas
(20.9 6 21.4) than from other regions. Although the clear
majority of the retracted SRs were published in the WPR,

3.3. The retraction reasons of SRs and the number of
citations
The mean number of citations of the 57 SRs retracted
due to fraudulent peer review was 3.1 6 2.5 after retraction,
and 2.9 6 3.8 before retraction (Table 2).
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*Others included a textbook (n=3), modelling study (n=3), protocol (n=2), software (n=1) and
conference abstract(n=1).
Fig. 3. Study types of articles citing retracted systematic reviews.
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Table 1. Number of citations of retracted SRs stratified by selected variables
Total
Category

Mean (SD)/Number

Citations before the retraction
Median (range)

Citations after the retraction

Mean (SD)/Number

Median (range)

Mean (SD)/Number

0
3.4 (4.2)

NA (NA)
2 (0-10)

35.5 (47.4)
8.4 (11.7)

Median (range)

Publication year
2003|2005
2006|2010

35.5 (47.4)
11.8 (9.4)

35.5 (2-69)
10 (2-27)

35.5 (2-69)
2 (0-27)

2011|2015

7.5 (6.5)

6 (1-29)

3.0 (4.5)

1 (0-23)

4.1 (4.2)

3 (0-22)

2016|2019

4.9 (4.7)

4 (1-21)

1.2 (1.9)

0 (0-7)

3.1 (3.2)

2 (0-12)

Affiliation of the first author
Hospital
7.6 (8.5)
University
Unsure

9.4 (8.8)
26

6 (1-69)

2.1 (3.2)

1 (0-20)

4.2 (7.5)

2 (0-69)

6.5 (1-29)

4.0 (5.7)

2 (0-23)

5.0 (6.2)

2.5 (0-27)

4

4 (NA)

26 (NA)

WHO region of the first author’s main affiliation (sort by WHO region)
WPR
6.2 (5.1)
5 (1-29)
2.3 (3.2)

1 (0-20)
2 (0-16)
1.5 (0-23)

3.6 (3.5)

2 (0-20)

7.2 (8.7)
15.4 (23.0)

4 (0-27)
4 (2-69)

12.0 (11.6)
20.9 (21.4)

EMR

4.3 (4.9)

2 (1-10)

0.3 (0.6)

AFR

1

1 (NA)

0

12.6 (15.2)

6 (1-69)

2.2 (2.9)

1 (0-11)

9.7 (15.1)

4 (0-69)

5.4 (4.5)
6.4 (6.5)

4 (1-23)
4 (1-29)

1.8 (3.3)
2.4 (4.7)

1 (0-16)
1 (0-23)

3.3 (2.9)
3.7 (3.3)

2 (0-10)
2 (0-12)

Q2
Q3

4.3 (6.7)
5.0 (8.2)

22 (NA)

EUR
AMR

Journal rank
Q1

9.5 (1-29)
17 (2-69)

22

0 (0-1)
NA (NA)

3.7 (4.7)
0

2 (0-9)
NA (NA)

Q4

5.1 (3.1)

5 (1-10)

2.1 (2.7)

0 (0-8)

2.8 (1.5)

2 (1-5)

Not cited by SCI

7.8 (5.7)

7 (1-25)

4.1 (4.8)

3 (0-20)

3.4 (3.5)

2 (0-14)

7.5 (8.4)

5.5 (1-69)

2.6 (4.0)

1 (0-23)

4.5 (7.3)

2 (0-69)

Total

Abbreviations: SD, standard deviation; WPR, Western pacific region; EUR, European region; AMR, region of the Americas; EMR, Eastern Mediterranean region; AFR, African region; NA, not applicable; Q, quartile within the journal category; SCI, science citation index.
Unsure: The author’s institution could not be identified.

3.5. Characteristics of citations that declared the
retraction status

3.4. Time between retraction and citation
One hundred and nine SRs were cited 580 times after the
retraction notice was published. The median time from
retraction to citation among these citations was 16 (IQR
6.8-33) months, and the frequency of citations decreased
over time since retraction (Fig. 4). Two of the retracted
SRs were still cited ten or more years after retraction.
One of these two SRs was retracted because of duplicate
publication, whereas the reason for the retraction of the
other one was not mentioned in the retraction notice. Both
SRs were cited positively.

Twenty-nine citations of a total of 10 retracted SRs were
labeled with ‘‘Retracted’’ or ‘‘Retraction’’ in the reference
list. Seven articles cited both the retracted article and the corresponding retraction notice. Eighteen citations mentioned
the retraction in the text, 15 also mentioned the reasons for
retraction. The SR of DiNicolantonio et al. [20] was the most
frequently cited with 12 citations. One citation also explained
the retraction reason and the general situation of the research,
in addition to the ‘‘retraction’’ label. In some citations, a dot

Table 2. Number of citations to retracted SRs by different retraction reasons
Citation before retraction

Citation after retraction

Retraction reasons

Mean (SD)

Median (range)

Mean (SD)

Median (range)

Fraudulent peer-review

2.9 (3.8)

2 (0-20)

3.1 (2.5)

2 (0-10)

Unreliable data

2.3 (4.3)

1 (0-23)

4.7 (5.8)

2 (0-22)

Plagiarism

3.1 (4.0)

1.5 (0-16)

5.2 (6.0)

4 (0-27)

Duplicate publication

2 (3.4)

0 (0-8)

3.67 (3.9)

2 (0-11)

Authorship issues

4.3 (6.3)

1 (0-16)

3.5 (2.5)

3.5 (0-6)

Abbreviations: SD, standard deviation.
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reasons for retraction. Negative citations denied the result
of the retracted SRs, the reasons for the citation being either
the unreliable result, the lack of high-quality evidence in
these research area, or fraudulent peer-review. It is worth
noting that one study claimed that a retracted SR was republished, so they included this study and explained the results cautiously [22], but in reality, the ‘‘republished SR’’
was published earlier than the original SR and the included
studies were different. The reason for the citation may have
thus been based on a misunderstanding.

300

Number of citations

250
200
150
100
50
0
0

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17

Time between retraction and citation/ year

Fig. 4. Time between retraction and citation among citations published after the retraction of the cited systematic review.

was added after the reference number in the original SR to
distinguish it, that is, [17,21].
Among the 29 citations, nine cited the retracted SRs
positively, five neutrally and 15 negatively. The most common types of studies among the citing articles were narrative reviews (n 5 11) and SRs (n 5 7). SRs cited the
retracted articles both positively (n 5 3) and negatively
(n 5 4), seven narrative reviews cited the SRs negatively.
Eighteen citations, among which eight were negative, cited
the SRs in the discussion (Table 3).
All nine positive citations were used to support or
corroborate the citing article’s findings (Table 4). Most
neutral citations used the retracted SRs to present the current research status without a judgment of the validity of
the reference; one study addressed the rationality of the

4. Discussion
Our study analyzed 954 citations of 128 retracted SRs.
The numbers of retracted SR and their citations reached
their peaks in 2014 and 2016, respectively, and the majority
of the citations were published after retraction. In particular
SRs retracted because of unreliable data were cited more
frequently after than before retraction. Although the citations became less frequent over time since retraction, retracted studies were still being cited even years after the
retraction. Only few citations declared the retraction of
the cited SR in the reference section. Most citations that
mentioned the retraction status addressed the problems of
the evidence, but some of the citations were used to reconfirm the results of the retracted SRs.
Citations before the time of retraction are likely to refer to
the original content of the SRs. This cannot be avoided. However, our study shows that most citations appeared after the
retraction notice was published. These makes us suspect

Table 3. The reason of retracting the cited systematic review, study type, place of citation, and reason of citation among citations labeled as
retracteda
Positive (n [ 9)

Neutral (n [ 5)

Negative (n [ 15)

Total

Plagiarism
Unreliable data

4
1

1
4

0
12

5
17

Fraudulent peer-review

3

0

2

5

Authorship issues

1

0

1

2

Study type
Cross-sectional study

3

0

1

4

Randomized controlled trial
Systematic review

1
3

1
0

1
4

3
7

Narrative review
Non-randomized study of intervention(s)

2
0

2
1

7
0

11
1

Editorial material

0

1

1

2

Cohort study

0

0

1

1

4

0

4

8

Category
Retraction reason

Section of the citation
Background
Results

0

0

3

3

Discussion

5

5

8

18

a

Due to the small sample size, we didn’t use percentages to avoid misunderstanding.
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Table 4. The classification of the citation reasons
Category of citations

Citation reason

Number

Support or corroborate the citation’s findings

Neutral

Present the current research status

4

Colin et al. 2015 [24]

Analyze the rationality of the retraction reasons

1

Satel et al. 2019 [25]

Unreliable result

9

Zhou et al. 2014 [26]

Lack of high-quality evidence

4

He et al. 2014 [27]

Fraudulent peer-review

2

Woodcock et al. 2017 [28]

Negative

whether the retraction of the SR was known to the citing article’s authors. There are two possible reasons for this. First,
the retraction status of the SRs may not have been shown on
the website the authors used to retrieve the article. COPE
states that retractions should be clearly identifiable in all electronic versions of the manuscript, for example by tagging tag
such as ‘‘retraction’’ or ‘‘retracted’’ appearing on the page,
with a link to the retraction notice [5]. But journals and databases do not always update the status of articles on time. Only
about 60% of the 129 retracted SRs were correctly labeled by
PubMed [16]. According to Reuben et al. [29], most retracted
articles were labeled in EMBASE as retracted 3 to 6 months
after the retraction. Wright et al. [30] analyzed nine journals
with retracted articles, and found out that only three journals
labeled the retraction on the PDF versions. It is also possible
that the cited study was retracted between the submission and
acceptance of the citing article. Although it would be good
practice to confirm the validity of references at the page
proofing stage, authors may be reluctant to do so in order
not to cause delays for the publication of their own article.
Another possible explanation is ‘‘secondhand’’ citations of
SRs that were cited elsewhere before the retraction. ‘‘Secondhand’’ citations mean citing an article that has previously been
cited in another paper, without having accessed the original
[31]. As about 70-90% of citations in scientific articles are
copied from the lists of references used in other papers [32],
many authors may not be aware that they are citing retracted
SRs, and potentially false information will continue to be
spread. This reason may also lead a citation of a retracted
article long after its retraction. We found retracted SRs that
were cited more than 10 years after the retraction, without
mentioning the retraction status in the text.
Many other factors also affect the number of citations of
SRs and MAs. Retracted SRs published in journals with
higher impact factors were cited more often, which has been
observed also for other types of studies [1,3,31]. A possible
reason for our results could also be self-citation by authors
and journals. To self-promote and increase the impact factor,
some journal may have a high self-citation rate [33], especially among journals with low impact factors [34]. Some
authors may take the initiative to cite studies published in
the same journal to improve the chance of being accepted,
and retracted articles may be cited by mistake. Some authors
whose article has been retracted may themselves continue to
cite it without mentioning the retraction status [31,35].

9

Example

Positive

Han et al. 2017 [23]

Retraction does not mean an end to citing an article.
Although nine citations confirmed the results of the
retracted SRs in our study, the risks related to the conclusion depend on the reasons of retraction [16,36]. For
example, if an article is retracted due to authorship issues,
it will most likely not influence the result or conclusion and
affect the quality of the citation [37]. One citation we identified [38] confirmed the results of a retracted SR, however,
the citation referred to a secondary finding of the SR on the
types of adverse events of antipsychotic drugs, and did not
cite the results of the meta-analysis. In this case, the result
of the SR which was retracted due to unreliable data does
not affect the authenticity of this citation. Therefore, a retracted article can still, despite the false results, influence
future research in a positive way if correctly cited. As for
the retraction, what should be done is to stop the spread
of wrong information and cite them standardly [31].
To identify and correctly cite retracted SRs, we suggest
the following actions to be taken by different stakeholders:
1) Authors should maintain academic rigor when citing
SRs, and confirm the validity of all references before
publication [2,39]. If retracted SRs must be cited, the
retraction status should be marked and the reason of
citation should be explained clearly.
2) Periodical journals should establish an appropriate identification and management mechanism for retractions.
This should including updating the publication status
timely, adding the tag ‘‘Retraction’’ or ‘‘Retracted’’ in
the title and on the PDF of original articles [5], and
add the link of retraction notice onto the online version.
3) Retraction index databases and bibliographic index
database should be improved. In view of the problems
of incomplete retraction information and delayed update in the Retraction Watch Database (RWdb) [40]
(the world’s largest paper retraction database at present), RWdb should speed up its updating, and preferably use real-time monitoring of the retraction of
articles (of course, it cannot be denied that RWdb provides a valuable service with limited resources). The
same applies to databases that are frequently used by
researchers to search literature and may also have delays in correctly labeling the retracted articles [30].
4) Guidelines for retraction should be developed. There
are only few handbooks that guide how to cite retracted
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articles. The International Committee of Medical Journal Editors (ICMJE) [39] has issued instructions using
examples on how to cite retracted papers, but their use
is not widely enforced by journals. A clear and unified
guideline could help authors to standardize and accurately cite retracted articles, which is convenient for editors to review and avoid misunderstanding by readers.
4.1. Strengths and limitations
Our study has several advantages. First, the topic of this
study is novel, and to our knowledge, it is the first paper to
analyze the citation of retracted SRs. Second, our study
shows that the citation of retracted SRs is not necessarily
wrong. We also give several suggestions on how to cite retractions which will provide guidance for authors to cite the
retracted articles. Our study also has some limitations. We
only searched Google Scholar and Web of Science to identify the citations limited by the integrity of the database,
and some citations may thus have been missed.

5. Conclusions
Systematic reviews continue to be cited after being retracted, even after the retraction notice has been published.
The failure of the journal to mark the retraction on time and
the author’s intentional or unintentional citation of retracted
SRs without mentioning the retraction status may lead to the
retracted SRs’ being cited even more after the retraction than
before. An inappropriate citation of retracted SRs can thus
enhance the spread of misinformation. We suggest to develop
guidance and form a standardized approach to the management of retractions to avoid misquotation and, improve the scientific research rigor of citing existing literature.
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