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A B S T R A C T

Retractions serve a crucial role in maintaining the integrity and accuracy of scientific literature. 
There has been growing interest in understanding the patterns behind retractions. This biblio-
metric study analyzed retracted articles published between 2003 and 2022, indexed by the Sci-
ence Citation Index Expanded of the Web of Science Core Collection database. A total of 8466 
retracted articles were identified, revealing an overall increase up to 2019, followed by a decline. 
A total of 109 countries contributed to the retracted articles, with China and the United States 
having the highest absolute numbers. In addition, the articles were published in 2347 different 
journals, with Tumor Biology recording the largest number of retracted articles. The top 10 most 
cited retracted articles indicated that data and image integrity issues were the main reasons for 
retraction. The primary reasons for retractions, identified by linking the retracted articles to the 
Retraction Watch Database, were data and results issues followed by plagiarism and duplication. 
In conclusion, the present bibliometric study offered an overview of the status of retracted articles 
indexed by the Web of Science Core Collection over the past two decades. These findings provide 
insight into areas where scientific integrity may be compromised and serve as a guide to foster a 
responsible research environment.

1. Introduction

Ensuring the integrity and accuracy of published findings is of paramount importance for maintaining the credibility and reliability 
of scientific knowledge [1]. Retractions serve as a formal mechanism within the scientific publishing process, designed to correct or 
remove research articles identified as containing significant flaws, inaccuracies, or instances of misconduct. Retractions uphold the 
integrity of the scientific literature by addressing issues such as data fabrication, plagiarism, methodological errors, duplicate pub-
lication, or ethical breaches.

A retraction may be initiated by the authors of the papers or their institution if they discover errors, inaccuracies, or misconduct in 
their published work. In such cases, they are expected to contact the journal editor, provide an explanation of the issue, and request a 
retraction or correction. In addition, when journal editors become aware of potential issues in a published article through notifications 
from readers, reviewers, or their own detection methods, they can conduct preliminary investigations and contact the authors to 
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address the concerns. If a retraction is deemed necessary, the journal will issue a retraction notice, providing specific reasons for the 
retraction. The journal’s online and print records will be updated to reflect the retraction and ensure that future readers are aware of 
the article’s status [2,3].

While retractions can create substantial citation penalties [4] and may have negative implications for the authors involved, such as 
reputational damage or loss of credibility [5], they serve to prevent the dissemination of false or misleading information. This can help 
to avert potential negative impacts on future research, wasted resources, or misguided clinical practices [6]. An analysis of 180 
retracted English-language papers published from 2000 to 2010, along with their 851 secondary studies citing them, showed that the 
retracted papers were cited over 5000 times. These retracted studies put over 428,000 enrolled participants and 79,690 at-risk patients 
[7]. Studies examining the nature of citations of retracted articles revealed a lack of awareness among investigators, journal editors, 
and peer reviewers about the perpetuation of retracted work [8,9].

The number of retracted scientific articles has been increasing in recent years. Some authors suggested that this trend indicates a 
rise in scientific misconduct. A review of 2047 biomedical and life science research articles indexed by PubMed as retracted on May 3, 
2012, revealed that 67.4 % of retractions were attributable to misconduct, including fraud or suspected fraud (43.4 %), duplicate 
publication (14.2 %), and plagiarism (9.8 %) [10]. A comprehensive survey of retracted articles from 42 large bibliographic databases 
across major scholarly fields showed that the number of articles retracted per year increased by a factor of 19 from 2001 to 2010. The 
factor decreased to 11.4 when excluding repeat offenders and adjusting for the growth of the published literature [11].

However, other authors offered an alternative interpretation, suggesting that the rise in retractions could also result from growing 
scientific integrity and increasing efficiency of the detection system rather than a surge in scientific misconduct [6,12]. A compre-
hensive survey spanning 42 bibliographic databases and publisher websites across various scholarly disciplines identified 4449 
scholarly publications retracted between 1928 and 2011. According to the authors, the proportion of published scholarly literature 
affected by retraction remained relatively small, and most retracted articles did not contain flawed data [11]. Overall, while the 
increasing number of retracted scientific articles is a concerning trend, it is essential to consider multiple possible explanations for the 
phenomenon.

There has been a growing interest in understanding the patterns and reasons behind retractions in recent years. This interest is 
driven by a desire to improve research integrity and the overall quality of scientific literature. Investigations into retractions have been 
conducted across various fields, including anesthesiology [13], cancer [14], cardiovascular disease [15], dentistry [16], neurosurgery 
[17], nursing [18,19], obstetrics and gynecology [20], orthopedy [21], and veterinary medicine [22].

In addition to systematic analysis [23], bibliometric methodology has emerged as an important tool to understand further the 
patterns and trends of scientific research [24]. Bibliometrics, as a field of research, applies quantitative methods to evaluate the impact 
of scientific publications, such as identifying highly cited papers, influential authors, and top-ranked journals [25]. Several studies 
have used bibliometric analysis to examine the characteristics of retractions in specific domains, such as COVID-19 [26], oncology 
[27], rehabilitation [28], and schizophrenia [29]. Nevertheless, there remains a need for a comprehensive analysis of retractions 
across multiple fields. To address this gap, the present study used bibliometric analysis to investigate the patterns of retractions in 
scientific research across various disciplines. Retracted articles published between 2003 and 2022 were identified using data from the 
Science Citation Index Expanded (SCI-Expanded) of the Web of Science (WoS) Core Collection database. Country-level, journal-level, 
article-level, and keyword co-occurrence analyses were conducted. Moreover, retraction reasons were analyzed by linking retracted 
articles to the Retraction Watch Database using Digital Object Identifiers (DOIs).

The objectives of this study are as follows: (1) To analyze the trends and patterns of retracted articles in scientific literature from 
2003 to 2022, focusing on the distribution of retractions across various disciplines and journals, citation trends, and the geographic 
distribution; (2) To identify the primary reasons for article retractions during this period, with a particular emphasis on issues related 
to data integrity, plagiarism, and ethical concerns; (3) To provide insights into the factors contributing to retractions and to offer 
recommendations for improving research integrity and publication practices.

Fig. 1. Study flowchart.

M. Koo and S.-C. Lin                                                                                                                                                                                                 Heliyon 10 (2024) e38620 

2 



2. Methods

The SCI-Expanded of the WoS Core Collection database (Clarivate Analytics, Philadelphia, PA, USA) was used to identify articles in 
this bibliometric analysis (Fig. 1). According to Clarivate, the SCI-Expanded indexes over 9500 of the world’s most impactful journals 
across 178 scientific disciplines, with more than 53 million records dating from 1900 to the present [30]. While Scopus, a major 
commercial bibliographic database introduced by Elsevier in 2004 [31], is frequently utilized in bibliometric studies [32], our choice 
of WoS for the current study was driven by its unique inclusion of a dedicated document type for “retracted publication.” This specific 
feature facilitates the straightforward identification and exclusion of retracted articles, thereby enhancing the reliability and accuracy 
of our search results.

The search was conducted on the same day (July 1, 2023) to avoid changes in the content due to updates in the database. For 
analysis, the document type “retracted publication” was used to identify retracted articles. In WoS, this document type indicates that 
the article in question has been formally withdrawn. Conversely, the document type “retraction” was not used because it represents 
merely a formal notice in WoS, which lacks data on citations and references.

The time frame of the search was limited to 2003 to 2022 to provide a two-decade snapshot of retractions in scientific literature. 
This allows for the identification of patterns in the retraction landscape while maintaining relevance to the current research envi-
ronment. To ensure proper interpretation of the results, the publication language was restricted to English using the WoS field tag LA.

To conduct the bibliometric analysis, we utilized Bibliometrix 4.1 (Naples, Italy) [33] for country-level and journal-level analyses, 
and VOSviewer version 1.6.19 [34] for co-occurrence analysis of article keywords. Our keyword analysis used KeyWords Plus, which is 
a feature in WoS that augments author-generated keywords for a given article by adding additional index terms, thereby revealing 
more relevant terms potentially overlooked by the authors [35]. To maintain readability, only the top 200 terms were included to 
generate the co-occurrence network. In the network figure, the size of the circle reflects the number of articles in which the term 
occurs. The proximity between two linked terms indicates the relatedness of the terms based on their number of co-occurrences in 
documents.

To explore the reasons for retraction, the articles identified in the WoS were matched with the records in the Retraction Watch 
Database [36] by linking with DOIs. In the Retraction Watch Database, a total of 107 reasons for retraction were listed [37]. To 
improve interpretability, these reasons were reclassified into 12 categories: (1) Data and Results Issues, (2) Plagiarism and Duplication, 
(3) Investigations and Findings, (4) Authorship and Ethical Concerns, (5) Misconduct and Fraud, (6) Image Manipulation and 
Fabrication, (7) Peer Review and Editorial Issues, (8) Withdrawal and Retraction Notices, (9) Institutional and Policy Issues, (10) 
Complaints and Objections, (11) Miscellaneous, and (12) Procedural and Legal Issues (Table S1). In addition, as each retracted article 
can have multiple reasons for retraction, with no specific order of importance, the denominator for calculating the percentage of each 
retraction reason is the total number of retraction reasons rather than the number of articles.

To assess whether specific subject categories are more susceptible to certain types of retraction reasons, we focused on the three 
most prevalent retraction reasons—“Data and Results Issues,” “Plagiarism and Duplication,” and “Investigations and Findings” —along 
with their combinations. A contingency table was constructed to cross-tabulate the reasons for retraction with the main subject cat-
egories of the retracted articles. The subject category refers to the field of study most likely to be referenced or search for the infor-
mation provided in the article. While many articles may overlap across different subject categories, only the most relevant subject 
category, as identified by the Retraction Watch Database, was assigned to each article in the present study. To determine the asso-
ciation between retraction reasons and subject categories, a Chi-square test was performed. Furthermore, post-hoc comparisons of 
column proportions were conducted using the Bonferroni correction to identify statistically significant differences between subject 
categories.

3. Results

During the 20-year period from 2003 to 2022, 8466 retracted articles were identified from the SCI-Expanded of the WoS Core 
Collection database. Fig. 2 shows the annual trend of retracted articles over this time. The trend in the number of retracted articles 
exhibited apparent fluctuations from 2003 to 2022. Initially, there was a consistent increase, rising from 137 articles in 2003 to a peak 

Fig. 2. Plot of annual number of retracted articles from 2003 to 2022.
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of 787 in 2019. However, after reaching the peak in 2019, the trend sharply reversed, with the number of retracted articles falling to 
239 by 2022.

A total of 109 countries contributed to the articles analyzed in the present study. Table 1 shows the top 10 countries, based on the 
affiliation of the corresponding author, of retracted articles. China (n = 3,669, 43.3 %) represented the largest share of retracted 
articles, followed by the United States (n = 1,246, 14.7 %), and India (n = 529, 6.2 %). The United States had the highest average 
citation number (51.9), followed by the United Kingdom (51.7). In addition, China showed the highest ratio of multiple-country 
publications to total publications (9.0 %), indicating a high inter-country collaboration. In contrast, India showed the lowest ratio 
at 1.2 %.

The retrieved articles were published in 2347 different journals. A total of 1137 retracted articles (13.4 %) were published in the 
top 10 journals. Tumor Biology, the journal with the largest number of articles (n = 153), had a Journal Impact Factor of 3.7 in 2016 but 
was no longer indexed by WoS afterward. Among the top 10 journals, the Journal of Clinical Anesthesia had the highest Journal Impact 
Factor of 6.7. Regarding WoS categories, oncology was the most prevalent, and most journals belonged to either quartile 2 or 3 
(Table 2).

Fig. 3 represents the number of retracted articles for the top 10 journals over time. The lines showed a general increase in the 
number of articles published after 2011, with occasional fluctuations. Tumor Biology experienced a sharp rise in 2012–2014. The curve 
discontinued after 2016 as the journal was delisted by WoS in July 2017 [38]. Journal of Cellular Biochemistry, European Review for 
Medical and Pharmacological Sciences, RSC Advances, and Cluster Computing also exhibited sharp rises in 2017, followed by decreases. 
Journal of Biological Chemistry displayed a steady number of retracted articles, while other journals showed an increase from 2014 to 
2018, then declined.

Table 3 showcases the top 10 leading retracted articles based on the total number of citations during the study period. The top 
article, a large multicenter trial in Spain investigating the protective effect of a Mediterranean diet supplemented with extra-virgin 
olive oil or nuts, was first published in 2013 in the New England Journal of Medicine [39] and received a total of 2363 citations. 
However, due to errors in methods, the article was retracted [40] and republished in 2018 [41] after excluding study sites that violated 
randomization principles. BMC Evolutionary Biology retracted the article by Jobb et al. [42] due to the decision by the corresponding 
author that the software could not be made available publicly, which breached the journal’s editorial policy on software availability 
[43]. The remaining eight articles were retracted due to either data or image integrity issues.

The retracted articles belonged to 204 subject categories of WoS. Table 4 lists the 20 most frequently occurring subject categories of 
WoS in retracted articles from 2003 to 2022. Oncology (12.3 %), biochemistry & molecular biology (10.0 %), cell biology (8.5 %), 
medicine research & experimental (7.3 %), and pharmacology & pharmacy (6.7 %) represented the top five categories, accounting for 
a total of 3798 articles (44.9 %) of the 8466 articles.

The co-occurrence analysis conducted using VOSviewer revealed distinct thematic clusters, as depicted in Fig. 4. Four inter-
connected clusters were observed. The green cluster focused on expression with terms related to cancer research, such as proliferation, 
invasion, metastasis, migration, and progression. The red cluster is composed of terms associated with molecular studies, such as 
apoptosis, activation, inflammation, inhibition, and pathway. The yellow cluster focused on terms related to pathogenesis, such as 
disease, therapy, survival, management, risk, and epidemiology. The blue cluster presents a broader array of terms, such as model, 
prediction, identification, mechanism, and protein.

To examine the reasons for retractions, the 8164 articles identified using the WoS were linked to records in the Retraction Watch 
Database based on DOI of the articles. Of the 7375 articles (90.3 %) successfully linked, the total count of the reasons was 21,422 cases 
were obtained because each article can be assigned with multiple reasons according to the Retraction Watch Database (Table 5). The 
most prevalent issue, accounting for 28.8 % (6160 cases), is related to data and results issues. Plagiarism and duplication follow with 
19.1 % (4085 cases), and investigations and findings constitute 16.8 % (3588 cases). Authorship and ethical concerns represent 9.0 % 
(1918 cases), while misconduct and fraud account for 6.0 % (1288 cases). Image manipulation and fabrication are noted in 5.1 % 
(1092 cases) of the issues. Peer review and editorial issues, withdrawal and retraction notices, and institutional and policy issues make 
up 4.6 % (985 cases), 3.6 % (763 cases), and 3.0 % (643 cases) respectively. Complaints and objections constitute 2.0 % (418 cases), 
miscellaneous issues are 1.9 % (412 cases), and procedural and legal issues are the least frequent at 0.3 % (70 cases).

Table 1 
The top 10 countries, based on the affiliation of the corresponding author, of retracted articles from 2003 to 2022 (N = 8466).

Rank Country Number of Articles (%) Average Article 
Citations

MCP/Total Ratio (%)

1 China 3669 (43.3) 16.7 9.0
2 The United States 1246 (14.7) 51.9 2.2
3 India 529 (6.2) 22.7 1.2
4 Japan 440 (5.2) 27.0 1.4
5 Iran 374 (4.4) 18.8 2.0
6 Korea 232 (2.7) 19.2 1.6
7 Italy 174 (2.1) 23.6 3.0
8 The United Kingdom 171 (2.0) 51.7 3.9
9 Germany 160 (1.9) 41.0 3.3
10 Egypt 120 (1.4) 23.8 2.6

MCP: multiple country publication.
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Table 2 
The top 10 journals based on the number of retracted articles from 2003 to 2022 (N = 8466).

Rank Journal Number of Articles 
(%)

Journal Impact Factora Web of Science Category [Quartile]

1 Tumor Biology 153 (1.8) 3.7 (last indexed in 
2016)

Oncology [2]

2 Journal of Cellular Biochemistry 142 (1.7) 4.0 Biochemistry & Molecular Biology [2] 
Cell Biology [3]

3 Journal of Biological Chemistry 133 (1.6) 4.8 Biochemistry & Molecular Biology [2]
4 RSC Advances 128 (1.5) 3.9 Chemistry, multidisciplinary [2]
5 European Review for Medical and Pharmacological 

Sciences
124 (1.5) 3.3 Pharmacology & Pharmacy [3]

6 PLoS One 117 (1.4) 3.7 Multidisciplinary Sciences [2]
7 Molecular Medicine Reports 102 (1.2) 3.4 Oncology [3] 

Medicine, Research & Experimental [3]
8 Oncology Reports 83 (1.0) 4.2 Oncology [2]
9 Cluster Computing 80 (0.9) 4.4 Computer Science, Theory & Methods [2] 

Computer Science, Information Systems 
[1]

10 Journal of Clinical Anesthesia 75 (0.9) 6.7 Anesthesiology [1]

a Journal Impact Factors were obtained from the 2022 Journal Citation Reports, unless otherwise indicated.

Fig. 3. Plot of annual number of retracted articles in the top 10 journals with the highest num-ber of retracted articles from 2003 to 2022 (N 
= 8466).
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The cross-tabulation of the top three retraction reasons and main subject categories for articles retracted between 2003 and 2022 
revealed distinct patterns in the distribution of retraction causes across different fields, with an overall Chi-square p-value of <0.001. A 
total of 6883 articles were analyzed, excluding those with missing data in subject categories. “Data and results issues” were signifi-
cantly more prevalent in Basic Life Sciences (24.8 %) and Health Sciences (24.4 %) compared to Business and Technology (18.0 %). 
“Plagiarism and duplication” were significantly more common in Physical Sciences (35.9 %) and the "Other" category (34.6 %), which 
includes humanities, social sciences, and environmental sciences, compared to Basic Life Sciences (18.1 %) and Business and Tech-
nology (26.4 %). Retractions due to “Investigations and findings” were most prevalent in Health Sciences (22.7 %), significantly 
exceeding the proportions in Business and Technology (7.2 %) and Physical Sciences (7.2 %). Combinations of any of the top three 

Table 3 
The top 10 retracted articles based on the number of citations from 2003 to 2022 (N = 8466).

Rank First Author 
(No. of Total 
Authors)

Title Journal Year of 
Publication

Total 
Citationsa

Year of 
Retraction

Reason for 
retraction

1 Estruch R (18 
& study team)

Primary prevention of cardiovascular disease 
with a Mediterranean diet

New England 
Journal of 
Medicine

2013 2362 2013 Errors in 
methods

2 Fukuhara A 
(22)

Visfatin: a protein secreted by visceral fat that 
mimics the effects of insulin

Science 2005 1490 2007 Data integrity 
issue, result 
issue

3 Voinnet O (4) An enhanced transient expression system in 
plants based on suppression of gene silencing 
by the p19 protein of tomato bushy stunt virus

Plant Journal 2003 1336 2015 Image 
integrity issue

4 Erler JT (9) Lysyl oxidase is essential for hypoxia-induced 
metastasis

Nature 2006 1094 2020 Image 
integrity issue

5 Jobb G (3) TREEFINDER: a powerful graphical analysis 
environment for molecular phylogenetics

BMC 
Evolutionary 
Biology

2004 1007 2015 Could not 
make software 
available

6 Bolli R (20) Cardiac stem cells in patients with ischaemic 
cardiomyopathy (SCIPIO): initial results of a 
randomised phase 1 trial

Lancet 2011 1000 2019 Data integrity 
issue

7 Mehra MR (5) Cardiovascular disease, drug therapy, and 
mortality in Covid-19

New England 
Journal of 
Medicine

2020 854 2020 Data integrity 
issue

8 Raj L (14) Selective killing of cancer cells by a small 
molecule targeting the stress response to ROS

Nature 2011 849 2018 Image 
integrity issue

9 Rubio D (7) Spontaneous human adult stem cell 
transformation

Cancer Research 2005 803 2010 Data integrity 
issue

10 Nakao N (6) Combination treatment of angiotensin-II 
receptor blocker and angiotensin-converting- 
enzyme inhibitor in non-diabetic renal disease 
(COOPERATE): a randomised controlled trial

Lancet 2003 742 2009 Data integrity 
issue

a Total citation included citation before and after retraction.

Table 4 
The top 20 subject categories of Web of Science with retracted articles from 2003 to 2022 (N = 8466).

Rank Subject categories n (%) Cumulative n (%)

1 Oncology 1044 (12.3) 1044 (12.3)
2 Biochemistry & Molecular Biology 848 (10.0) 1892 (22.3)
3 Cell Biology 717 (8.5) 2609 (30.8)
4 Medicine, Research & Experimental 619 (7.3) 3228 (38.1)
5 Pharmacology & Pharmacy 570 (6.7) 3798 (44.9)
6 Chemistry, Multidisciplinary 427 (5.0) 4225 (49.9)
7 Materials Science, Multidisciplinary 425 (5.0) 4650 (54.9)
8 Multidisciplinary Sciences 343 (4.1) 4993 (59.0)
9 Engineering, Electrical & Electronic 337 (4.0) 5330 (63.0)
10 Neurosciences 266 (3.1) 5596 (66.1)
11 Physics, Applied 243 (2.9) 5839 (69.0)
12 Chemistry, Physical 240 (2.8) 6079 (71.8)
13 Biotechnology & Applied Microbiology 225 (2.7) 6304 (74.5)
14 Immunology 200 (2.4) 6504 (76.8)
15 Computer Science, Information Systems 187 (2.2) 6691 (79.0)
16 Nanoscience & Nanotechnology 177 (2.1) 6868 (81.1)
17 Medicine, General & Internal 168 (2.0) 7036 (83.1)
18 Surgery 163 (1.9) 7199 (85.0)
19 Telecommunications 161 (1.9) 7360 (86.9)
20 Environmental Sciences 155 (1.8) 7515 (88.8)
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retraction reasons were prevalent in Business and Technology (36.6 %) and Basic Life Sciences (35.6 %) compared to other categories. 
Lastly, other reasons and their combinations were more common in the "Other" category (18.5 %), Physical Sciences (17.6 %), and 
Health Sciences (14.6 %) compared to other categories (Table 6).

4. Discussion

Overall, this bibliometric study analyzed retracted articles published between 2003 and 2022 and indexed by the SCI-Expanded of 
WoS Core Collection database. The results revealed the patterns and implications of article retractions, contributing to the theoretical 
understanding of research integrity and publication ethics. The study highlighted the significance of regional and institutional factors, 
as well as disciplinary vulnerabilities, indicating that systemic pressures and the complexity of research methodologies in certain fields 
are closely linked to the incidence of retractions. Regarding practical implications, this study showed the importance of strengthening 
peer review processes, as illustrated by the Tumor Biology case, and suggests the need of new technologies to detect fraudulent reviews. 
Moreover, standardized practices for linking retraction notices directly to the retracted articles in databases should be implemented to 

Fig. 4. A co-occurrence network of keywords in retracted articles from 2003 to 2022 (N = 8466).

Table 5 
Distribution of retraction reasons of retracted articles from 2003 to 2022.

Retraction Reason Count (%)

Data and Results Issues 6160 (28.8)
Plagiarism and Duplication 4085 (19.1)
Investigations and Findings 3588 (16.8)
Authorship and Ethical Concerns 1918 (9.0)
Misconduct and Fraud 1288 (6.0)
Image Manipulation and Fabrication 1092 (5.1)
Peer Review and Editorial Issues 985 (4.6)
Withdrawal and Retraction Notices 763 (3.6)
Institutional and Policy Issues 643 (3.0)
Complaints and Objections 418 (2.0)
Miscellaneous 412 (1.9)
Procedural and Legal Issues 70 (0.3)
Total 21422 (100)

Of the 8466 articles identified in the Web of Science, 7375 were successfully 
linked with records from the Retraction Watch Database. As each article 
may have multiple retraction reasons, a total count of 21,422 for the various 
reasons was documented.

M. Koo and S.-C. Lin                                                                                                                                                                                                 Heliyon 10 (2024) e38620 

7 



mitigate the spread of invalidated research findings. In addition, the correlation between competitive pressures in specific fields and 
retractions signifies the need to address systemic issues within the scientific community. Targeted educational programs in research 
ethics for fields more prone to retractions is recommended.

During the 20-year period, a total of 8466 retracted articles were identified. There has been an increase in the number of retracted 
articles up to 2019. While the increase could correspond to the growth in the total number of publications during the same period, it 
does not explain the drop after 2019. The decline after 2019 might be attributed to the time delay required for retractions to occur, 
considering that retractions may take several years. Based on the top 10 cited retracted articles, the period before retraction ranged 
from less than a year to 14 years, with a median of 6.5 years. A study of retracted articles from 1960 to 2020 indicated that at least half 
of the retractions occurred no more than three years after publication [9]. Therefore, a drop in the number of retracted articles after 
2019 might be attributed to the time delay required for retractions to take place. However, it is also possible that the scientific 
community has become more stringent in peer-review processes as well as the recent initiatives to increase transparency [44] might 
have contributed to this effect. Moreover, the introduction of new tools for the detection of plagiarism might have enabled earlier 
detection and reduced fraudulent activities leading to retractions later on.

The present study identified China and the United States as the countries with the largest number of retracted articles, accounting 
for 58 % of the 8466 retracted articles. Similar findings have been reported in other studies that analyzed different periods and da-
tabases. A study analyzed retracted articles indexed by WoS between 1981 and 2020 revealed that authors from China have higher 
retractions (25.7 %), followed by the United States (16.1 %), and India (5.3 %) [45]. Another PubMed-based study on articles pub-
lished between 2008 and 2012 showed that the United States retracted the most articles, whereas China retracted the most articles for 
plagiarism and duplicate publication [46]. An early study based on 834 WoS retractions also found that the number of retracted papers 
from Chinese authors had increased between 1997 and 2016, with approximately three-quarters of which were triggered by fake peer 
review, plagiarism, or falsification [47]. Nevertheless, these results should be interpreted within the context of the size of the body of 
literature. Both China and the United States are among the largest producers of scientific research globally. Their substantial publi-
cation volume might contribute to a ‘‘publication inflation’’ that partially explains the higher number of retractions [11]. When 
evaluating with a different index, such as retractions per paper published, Iran takes the top spot with 14 retractions per 10,000 papers, 
followed by Romania with 10.4 retractions per 10,000 papers. China became the seventh spot with five retractions per 10,000 papers 
[48]. It should be noted that while focusing on specific countries provides significant insights, understanding retraction patterns re-
quires a broader, global perspective.

Tumor Biology, a medical journal covering clinical and experimental oncology, had the highest number of retracted articles. Starting 
in 2012, the journal showed a sharp rise in the number of articles that were subsequently retracted. In 2017, its publisher Springer 
retracted 107 articles after discovering they were accepted based on fake peer reviews. As a result of the mass retraction, the journal 
was delisted by WoS starting July 2017 [38]. The incident with Tumor Biology underscores the importance of authentic peer review and 
indicates the need for rigorous measures to prevent potential lapses in the process. To help editors choose credible reviewers and close 
peer review loopholes, it is imperative to create an expert database with verified information on experts’ credentials. In addition, new 
technologies should be explored to assist the detection of suspiciously positive reviews [49].

Findings from top 10 cited retracted articles indicated that most were retracted due to image and data integrity issues. The former 
often involved duplication of images, whereas the latter was often linked to the implausibility of data, where the results were sta-
tistically or scientifically inconsistent with previous findings. Articles were retracted because the authors failed to provide raw data 
when requested, which can be due to poor data management practices or intentional concealment of fraudulent or flawed data. 
Moreover, the high number of citations received by these articles is another important concern. Previous studies have demonstrated 
that articles continued to be cited years after retraction [50]. One contributing factor to this issue is that retraction notices often lack 
clear indication and linkage to the retracted articles [9]. Putting flawed data in the scientific literature can mislead both fellow 

Table 6 
Cross-tabulation of main retraction reasons and subject categories of retracted articles from 2003 to 2022.

Reason Subject category, n (column %)

Business and 
Technology

Basic Life 
Sciences

Health 
Sciences

Physical 
Sciences

Other Row 
Total

Data and Results Issues 110a 1034b (24.8) 197b (24.4) 243a,b (20.9) 29a,b 

(22.3)
1613 
(23.4)(18.0)

Plagiarism and Duplication 161a,b 756c 186b 417d 45a,d 1565
(26.4) (18.1) (23.0) (35.9) (34.6) (22.7)

Investigations and Findings 44a 502b 184c 84a 11a,b 825
(7.2) (12.0) (22.7) (7.2) (8.5) (12.0)

Combinations of the above three 
reasons

223a 1487a 124b 213b 21b 2068
(36.6) (35.6) (15.3) (18.3) (16.2) (30.0)

Other reasons and combinationsa 72a,b 394b 118a,c 204c 24a,c 812
(11.8) (9.4) (14.6) (17.6) (18.5) (11.8)

Column Total 610 4173 809 1161 130 6883
(100) (100) (100) (100) (100) (100)

Each subscript letter denotes a subset of subject category whose column proportions do not differ significantly from each other at the 0.05 level, 
adjusted using the Bonferroni correction.

a Other subject categories included humanities (n = 6), social sciences (n = 14), and environmental sciences (n = 110).
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scientists and the broader community. As a result, the scientific community needs to enhance the clarity and transparency of retraction 
notices and uphold the integrity of the scientific literature.

Findings from the analysis of WoS subject categories and co-occurrence network analysis of keywords showed that articles in the 
field of oncology, biochemistry, molecular biology, and cell biology appeared to be particularly prone to retractions. This pattern 
might reflect underlying challenges and complexities within these disciplines or broader systemic issues within the scientific com-
munity. Studies in these fields are characterized by intricate experimental designs and advanced technologies, which might increase 
the likelihood of errors. The competitive nature and pressure to produce novel findings in these fields may also inadvertently 
encourage behaviors leading to retractions. A systematic survey of 571 retracted cancer publications revealed that academic 
misconduct in the form of plagiarism, duplicate publication, and fraud accounts for 61 % of retracted cancer publications [14]. A 
recent bibliometric study on retracted publications in oncology used Retraction Watch Database to explore the reasons for retractions. 
The top three reasons included investigation by journal/publisher (30.3 %), duplication of image (24.9 %), and fake peer review (22.6 
%), accounting for a combined total of 77.8 % of the retractions analyzed [51]. In addition, the prominence of these fields may lead to 
higher levels of scrutiny by peers, leading to more retractions being detected and acted upon. Therefore, the findings might reflect a 
combination of underlying complexities and systemic issues within these disciplines.

The analysis of retraction reasons showed that the top two most prevalent reason for retractions are “data and results issues” and 
“plagiarism and duplication”, accounting for 48 % of the cases. Approximately 29 % of the retraction reasons are related to the 
category “data and results issues”. This finding indicates that important role of data integrity in scholarly research. Issues such as 
unreliable or error in data and results can adversely affect the credibility of research findings and are critical areas for scrutiny and 
improvement. The category “plagiarism and duplication” was the second most common reasons for retraction. Despite the widespread 
availability of plagiarism detection tools, their current application is insufficient to address the problem. Journals need to adopt a more 
vigilant approach to plagiarism detection at multiple stages of the publication process, including initial submission, post-peer review, 
and pre-publication to uphold the standards of academic publishing and ensure the integrity of scholarly research.

The cross-tabulation of subject categories and retraction reasons revealed distinct patterns that may be attributed to the nature and 
demands of the respective disciplines. “Data and results issues” were more prevalent in Basic Life Sciences and Health Sciences. This 
trend possibly arises from the complex and often intricate methodologies required in these fields, where experimental design, data 
collection, and analysis are highly susceptible to error, misinterpretation, or even manipulation. In contrast, “plagiarism and dupli-
cation” are more common in the Physical Sciences. This observation suggests variations in ethical standards across disciplines, where 
the rigor of plagiarism detection and enforcement might differ. The structure of research in Physical Sciences, which often involves 
collaborative and cumulative work, might also make it easier for such ethical breaches to occur unnoticed. In addition, the higher rate 
of retractions observed in Health Sciences may reflect the intense scrutiny and rigorous investigative processes applied to research that 
has direct implications for public health.

This study has some limitations worth mentioning. First, the articles analyzed in this study were retrieved from the WoS. While it is 
well-known that various databases have different strengths and weaknesses [52], WoS was chosen for this study because it contains 
citation metadata, particularly the availability of a dedicated document type for “retracted publication.” Second, an author-level 
analysis was not conducted due to the significant issue of author name ambiguity, particularly the Romanized names of Chinese 
authors [53]. Third, 9.7 % of the retracted articles identified in the WoS could not be linked to the Retraction Watch Database using 
DOI. The absence of these articles may potentially affect the magnitude of the counts. However, given the substantial difference in the 
frequency of the top three retraction reasons, it is unlikely that this limitation will alter their ranking.

5. Conclusion

Retractions play a vital role in maintaining research integrity by ensuring the accuracy of the scientific record, promoting trans-
parency and accountability, deterring misconduct, and fostering a culture of continuous improvement within the scientific community. 
Our bibliometric analysis of 8466 retracted articles from 2003 to 2022, indexed by the SCI-Expanded of the WoS Core Collection, 
offered an overview of the current state of retractions and reasons for retractions.

The study reveals a notable increase in retractions until 2019, followed by a decline, indicating evolving awareness and response to 
scientific misconduct and errors in the research community. China and the United States were found to lead in the number of re-
tractions, reflecting their large contributions to global scientific output. Specific journals and subject areas, particularly oncology, 
biochemistry, and cell biology, were more prone to retractions, highlighting the vulnerability of these fields.

Our study emphasizes the importance of robust peer review processes and the use of advanced tools for detecting misconduct. The 
significant impact of retracted articles, evidenced by their high citation counts even after retraction, suggests the need for better 
dissemination of retraction notices and greater transparency in the retraction process. Promoting a culture of integrity and 
accountability within the scientific community can reduce the adverse effects of retractions and enhance the reliability of published 
research.

Our findings provide a basis for developing targeted educational programs and policies to improve research ethics. As the scientific 
landscape evolves, maintaining vigilance and commitment to ethical standards is crucial to ensure the progression of credible scientific 
literature.
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