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Introduction

Drug-induced liver injury (DILI), a type of liver injury, 
maybe induced by various prescription or over-the-counter 
chemical drugs (active ingredients or metabolites), biological 
preparations, traditional Chinese medicine, natural 

medicine, healthcare products, dietary supplements and 
even the excipients in pharmaceutical formulations (1-4).  
In clinical practice, it is hard to analyze the absolute 
incidence of DILI accurately for the reason that symptoms 
of DILI may vary, ranging from serious hepatitis with 
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jaundice to asymptomatic assessments of liver enzymes, and 
many uncertain factors can result to DILI (3). According 
to the references (1,5,6), about 10 to 19 people are 
diagnosed with DILI per 100,000 people, 30% of whom 
are accompanied by jaundice. About 3% to 5% of DILI 
patients require hospitalization due to jaundice increasing 
continuously (6,7). Drug-induced acute liver failure is the 
main cause of acute liver failure in the United States, and 
more than 50% of DILI patients suffers from acute liver 
failure (6,8). 

Given the majority of relevant literatures, hundreds 
of active ingredients are confirmed or estimated to be 
associated with DILI and sometimes the degree of liver 
impairments may increase the risk of severe clinical 
outcomes, hospitalization and even death (2,9,10). DILI 
refers to a variety of events related to multiple mechanisms, 
such as active metabolites formation, inhibition of hepatic 
transporters, drug-induced mitochondrial dysfunction, 
immune system dysfunction, environmental and genetic/
non-genetic factors (11). Currently, since there are no 
specific biomarkers or tests for DILI, its diagnosis is 
still difficult because the diagnosis should be made after 
strictly excluding other causes of liver disease, evaluating 
the temporary association between abnormal liver tests 
and usage of drugs, searching a specific clinical drug 
biomarker, and estimating the liver function upon drug 
withdrawal (12,13). The paramount importance to treating 
suspected DILI is to pause the culprit drug promptly. There 
are several types of therapeutic methods for particular 
causes of DILI, such as corticosteroid for DILI patients 
with hypersensitivity or autoimmune characteristics, 
N-acetylcysteine (NAC) for acetaminophen poisoning, 
ursodeoxycholic acid for cholestatic DILI (13).

In recent years, the field of DILI has been rapidly 
expanding in terms of the mechanisms of DILI, risk factors 
and diagnostic tools. Many large registries such as US 
DILI Network (DILIN), Spanish DILI registry, and Latin 
American DILI Network have continuously updated their 
data in the past years (4,12). It is very significant to realize 
the developmental trends of DILI-related publications 
in different countries, institutions, authors and journals, 
and identify the status of current research and prioritize 
the future research areas. Now there are many systematic 
manuscripts related to DILI hotspots, such as novel drugs 
causing DILI, the renewed risk factors and the update of 
diagnostic tools, and so on. However, no such a strictly 
scientometric study exists to describe the current and future 
directions of DILI.

Bibliometric is a statistical tool that is used to quantitative 
evaluate the influence of research literatures within a certain 
time frame, research countries, institutions, journals and 
research collaboration for any specific topic selected for 
study (14). Recently, bibliometric analysis extensively used 
in a series of research fields (15-17). Comparing the change 
of research hotspots by time, it provides a simple way to 
predict the future direction of this research field. The Web 
of Science (WoS) database, the world’s original index for 
scholarly and scientific study, is most frequently selected 
for bibliometric analysis for the reason that it provides a 
wide coverage of manuscripts with accurate and complete 
information.

Consequently, our study conducted a quantitative 
analysis of literatures related to this field during the last two 
decades by classifying the relevant publications at different 
subgroups, such as countries/regions, journals, authors, 
categories, research institutions, and keywords. This study 
attempts to depict the current state of DILI and predict the 
global trends of the development of research in DILI.

Methods

Data sources

In this study, the global DILI-related literatures published 
during the period 1999 to 2019 were mainly retrieved from 
the WoS core collection database and PubMed database. 
The publications’ data were applied to bibliometric analysis. 
It is considering that these data were downloaded from 
public databases. Ethical approval has no application to the 
study.

Search strategies

All the articles related to DILI were screened in WoS 
(Clarivate analytics, https://clarivate.com/products/web-
of-science/) and PubMed [United States National Library 
of Medicine (NLM), https://pubmed.ncbi.nlm.nih.gov] 
databases by two researchers (D. Liang and J. Zhu), with 
databases expiration of 20 June 2020, and cross-validated 
to guarantee reproducibility of screening methods using 
the following search terms. The specific screening cycle 
were set from January 1, 1999 to December 31, 2019 in 
both databases. The search terms were set as follows: 
theme=Drug Induced Liver Injury OR Drug-Induced 
Liver Injury AND Publishing Year = (1999–2019) AND 
Document Types = (REVIEW or ARTICLE) AND 

https://clarivate.com/products/web-of-science/
https://clarivate.com/products/web-of-science/
https://pubmed.ncbi.nlm.nih.gov
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language = (English) AND Indexes = SCI-EXPANDED, 
SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI, CCR-
EXPANDED, IC. As for the searching in PubMed database, 
the search terms were as follows: “Chemical Drug Induced 
Liver Injury”[MeSH Terms] OR “Chemical Drug Induced 
Liver Injury”[All Fields]) AND ((“1999/01/01”[PDAT]: 
“2019/12/31”[PDAT]) AND English [language]. The 
types of literature were included clinical study, review, case 
reports, and meta-analysis in PubMed database. However, 
after merging the datasets obtained from the two databases, 
case reports and book chapters were not included the final 
bibliometric analysis for case reports could not be selected 
in WoS and only few of book chapters in WoS and PubMed 
database.

Data collection

In collaboration with an information specialist and 
stakeholders in our team, the data management process was 
checked and confirmed independently. Support by EndNote 
X8.2™ bibliographic software that allows to remove the 
reduplicative articles and store datasets retrieved from all 
articles. To identify the irrelevant studies, we conducted 
hand searches in the reference lists for excluding all the 
potentially literatures.

Two authors completed the data extraction independently 
and checked the article titles and abstracts, the selected 
articles whether if they met the search terms. To discuss or to 
seek assistance from outside experts were used to resolve any 
disagreements to achieve consensus. Finally, the data were 
visualized graphically by two authors with GraphPad Prism 8.

Statistical analysis

Bibliometric analysis
The bibliometric analysis is an analytical method involving 
statistics and mathematics. By applying the intrinsic 
functions of WoS, the developmental dynamics and 
characteristics of publications would be described based on 
the prior eligible publications. The publications amounts of 
each year, the change of citations frequency and the quality 
of the published articles will all be forecast in different 
countries/regions/constitutions. The H-index implied that 
a scholar, a country or an author published H papers each of 
which has been cited in other publications at least H times, 
which was regarded as a sign that how much influence they 
have in the scientific research (18). Therefore, the H-index 
reflects the scientific article impact of a scholar, a country, 

or an author.

Visualized analysis
VOSviewer 1.6.15 software was applied for visualizing 
and constructing of a visual map based on the pre-setting 
search terms in WoS and PubMed databases analysis. This 
software was used to conduct bibliographic coupling, co-
authorship, and co-citation analysis the dataset collected 
from the eligible publications, including journals, authors, 
institutions, and countries. Finally, the clustering analysis 
of research hotspots were visualized and the developmental 
trends were also forecast through keyword co-occurrence 
networks.

Results

Trends in global publications (based on WoS database)

Contributions of countries
From 1999 to 2019, a total of 6,477 and 3,075 literatures 
were identified in WoS and PubMed databases, respectively, 
among of which about 6,563 articles met the criterions 
were recruited for bibliometric analysis. In WoS database, 
the distribution of publications related DILI in different 
countries is shown in Figure 1A. The United States is the 
leading country for it has published the largest numbers 
of articles in this field (1,917, accounting for 29.21%), 
followed by China (1,242, accounting for 18.92%), Japan 
(584 papers, accounting for 8.90%), India (386 papers, 
accounting for 5.88%) and United Kingdom (378 articles, 
accounting for 5.76%). In summary, publications in the top 
5 countries (68.7%) paly a much larger role than that in the 
rest of other countries.

Amount of global publications per year 
The number of publications on DILI exhibited a positive 
growth trend from 2009 to 2019 (shown in Figure 1B). 
Globally, publications had the maximum number in 2019 
with a total of 823 articles, while only 58 related articles 
published in 2000. The fluctuations of annual citations 
were showed in Figure 1C. The citations per year of the 
documents showed a rapid growth from 1999 to 2016, but 
there was a decline from 2017 to 2019, with a peak in 2016 
[13,444] and a tough in 2019 [6,382].

Predicted trends in global publication
The time series model, a common regression analysis, was 
used to describe the time curve of number of articles from 



8654 Liang et al. Liver injury research in the past 20 years

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(8):8651-8664 | https://dx.doi.org/10.21037/apm-21-981

which the trend number of global publications is possible 
to be predicted (Figure 1D). The time curve shows that the 
global publishing outputs on DILI is currently at a rapidly 
growing stage, but it will be expected to keep with a steadily 
increasing rate in the next ten years.

Distribution of publication quality by country (based on 
WoS database) 

Total citation frequency
It was found that publications related to DILI from U.S. had 
the highest total citation frequency (76,176 times). China 
ranked second in total citation frequencies (18,593 times), 
followed by England (15,163 times), Japan (11,153 times), 
and Germany (10,597 times) (Figure 2A).

Average citation frequency
Switzerland ranked first in average citations (43.24), 

followed by England (40.11), USA (39.74), Sweden (39.41) 
and France (39.25) (shown in Figure 2B).

H-index
The publications from USA had the highest H-index [123], 
followed by England [63], China [54], Japan [50], and 
Germany [49] (Figure 2C).

Bibliometric coupling analysis

Bibliometric coupling measures the association among the 
articles cited in the same manuscript. If two publications 
cite the same references, they are “coupled”, indicating 
that the two publications may share the same references 
and produce the knowledge domain map of countries/
regions, institutions, and journals. The strength of the link 
between them shows the number of references cited in the 
two articles, which could be extended to analyze the link 
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Figure 1 Global trends and countries contributing to drug-induced liver injury research based on the WoS database. (A) The sum of 
relevant publications from the top 20 countries. (B) The number of publications per year during the last two decades. (C) The number of 
citations per year during the last two decades (D). Model fitting curves of growth trends in worldwide publications and prediction of future 
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strength of journals, institutions, and countries publishing 
papers on specific topics to reflect the degree of bibliometric 
coupling (15).

The strength of a link between two publications indicates 
the number of cited references these two publications 
have in common. This can be scaled up to analyze the 
link strength of journals, institutions, and countries which 
have published papers within a particular subject matter, 
reflecting the degree of bibliographic coupling.

Journals
We used VOSviewer software to analyze the journal titles 
of publications in this study. Figure 3A shows the total line 
strength of 267 identified journals. The top five journals 
regarding the total link strength with nodes sizes are 
Hepatology (total link strength =96,294 times), Toxicological 
Sciences (95,441 times), Journal of Hepatology (68,983 times), 
Chemical Research in Toxicology (67,560 times) and PLoS One 
(45,338 times). WoS database showed the following journals 

got the top five rank in H-index and citations: Hepatology 
(2019 H-index =63; citations =11,624 times), Toxicological 
Science (45; 7,226), Journal of Hepatology (45; 5,867), Chemical 
Research in Toxicology (36; 3,714) and PLoS One (27; 2,254). 
Toxicological Science had the most publications (n=150, 2019 
impact factor =3.70), followed by Hepatology (123, 14.68), 
PLoS One (101, 2.94), Chemical Research in Toxicology (91, 
3.18), Journal of Hepatology (82, 20.58).

Institutions
A total of links strength of 294 institutions were analyzed by 
using VOSviewer (Figure 3B). The top five institutions with 
the large link strength were University of North Carolina 
(total link strength =31,530 times), University of Michigan  
(27,940 times), University of Malaga (26,399 times), University 
of Liverpool (22,304 times) and US Food Drug Administration 
(21,577 times). Table 1 showed the top 10 productive institutions 
based on data from WoS database. The H-index and the total-
citations of University of North Carolina, US Food Drug 
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Figure 2 Citation frequency and H-index published in drug-induced liver injury in several countries. (A) Total citations of research articles 
from different countries. (B) The average citations per article from different countries. (C) H-index of publications from different countries.
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A B

C

Figure 3 Bibliographic coupling analysis of global research on drug-Induced Liver Injury based on the WoS database. Mapping of (A) 267 
identified journals, (B) 294 institutions, and (C) 65 countries in this research field. The line between two points in the map state that two 
journals/institutions/countries had established a similar relationship. The thicker line indicates, the closer connection between the two 
entities.

Table 1 Top 10 productive institutions on DILI from 1999 to 2019

Rank Institution Records Proportion (%) H-index Total-citations Average citations

1 National Institutes of Health NIH USA 167 2.58 52 11,323 67.8

2 University of North Carolina 159 2.45 50 10,036 63.12

3 University of North Carolina Chapel Hill 143 2.21 50 9,795 68.5

4 Us Food Drug Administration FDA 124 1.91 40 5,688 45.87

5 University of Liverpool 116 1.79 39 6,091 52.51

6 Ciber Centro de Investigacion Biomedica en Red 102 1.57 36 4,270 41.86

7 Institut National de la Sante et de la Recherche 
Medicale Inserm

101 1.56 33 4,815 47.67

8 Ciberehd 95 1.47 34 3,962 41.71

9 Indiana University System 94 1.45 42 6,201 65.97

10 University of Michigan 91 1.41 41 6,369 69.99

DILI, drug-induced liver injury.
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Administration, University of Liverpool and University of 
Michigan were in the top 5. The bibliometric coupling strength 
ranking of the constitutions were basically consistent with the 
H-index and the-total citations ranking. Although University of 
Malaga isn’t to maintain the previous ten were ranked, it has a 
large link strength.

Countries
A total of line strength for 65 countries with at least 5 
articles in this field were analyzed by using VOSviewer 
(Figure 3C). The top five countries with the large link 
strength were USA (total link strength =643,306 times), 
England (310,850 times), China (293,075 times), Germany 
(252,385 times) and Spain (227,454 times).

Co-authorship analysis

Co-authorship network analysis is designed to discovery the 
connection among researchers based on their numbers of 
co-authored literatures and produce the knowledge domain 
map of relative authors, organizations and countries/regions 
on the purpose of describing the collaboration network 

relationship in DILI. The size of the circle in the network 
shows the collaborative degree of co-authorship. It includes 
the authors, organizations, countries/regions, and the total 
link strength of the connecting line represents the strength 
of the cooperation. Indeed, description of the collaboration 
network among the creative authors, organizations 
and countries/regions is crucial and can offer worthy 
information for those independent investigators to seek 
cooperation, for institutions and countries/regions to develop 
regional cooperation and facilitate the academic exchange.

Authors
A total of 139 authors, each of whom have published over 
10 relative articles, were analyzed by using VOSviewer 
(Figure 4A). These authors were identified from all 
publications retrieved in this study. The top five authors 
regarding the total link strength are Fontana R (total link 
strength =229 times), Watkins P (211 times), Chalasani N 
(197 times), Andrade R (179 times) and Gu J (130 times).

Institutions
A total of 294 institutions with the minimum number of 

Figure 4 Co-authorship analysis of global research on drug-induced liver injury based on the WoS database. Mapping of (A) 139 authors, 
(B) 294 institutions, and (C) 55 countries on the research area. The co-authorship frequency is represented by the size of points. The line 
between two points indicates the established collaboration between two authors/institutions/countries. The thicker line states, the closer 
collaboration between the two entities.
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publications more than 10 in this area were analyzed to 
construct the co-authorship network by using VOSviewer 
(Figure 4B). The top five universities were University of 
North Carolina (total link strength =386 times), University 
of Michigan (361 times), National Institute & Diabetes and 
Digestive and kidney Disease of the National Institutes of 
Health (268 times), Duke University (234 times), Indian 
University School of Medicine (207 times).

Countries
Fifty-five countries and regions this field were evaluated with 
VOSviewer (Figure 4C). The top five countries with largest 
DILI based on publications with the minimum number of 
articles of a country over 5 were USA (969 times), England 
(492 times), Germany (440 times), China (366 times) and 
France (352 times).

Co-citation analysis

Co-citation analysis investigates the association between 
two items when they cited in a same document. In a co-
citation map of publications, the relatedness of items cited 
several times by different researchers can be observed 
conveniently and efficiently from a mass of references, 
providing adequate information for author in the same 
research field. It is the same that the size of the circle in 
the network presents the degree of co-citation including 
the authors, references, journals, and the total link strength 
of the connecting line represents the strength of the 
cooperations.

Authors
A total of 1,166 authors with more than 30 articles in this 
area were analyzed by using VOSviewer (Figure 5A). 

The top five authors regarding the total link strength 
were Teschke, R (total link strength =34,748 times), 
Jaeschke H (31,834 times), Andrade RE (29,736 times), 
Bjornsson E (28,722 times) and Lucena MI (24,582 times).

References
Co-cited references can show the frequency of publications 
cited together, therefore they can be viewed as a knowledge 
base in a particular field (19). Articles with the minimum 
number of citations of a cited reference over 20 were analyzed 
by using VOSviewer and 1,121 references were exhibited in 
Figure 5B. The top five references with the total link strength 
were Andrade RJ, 2005, Gastroenterology (total link strength 
=8,917 times); Daly AK, 2009, Nat Genet (7,991 times);  

Danan G, 1993, J Clean Epidemiol (7,487 times); Ostapowicz 
G, 2002, Ann Intern Med (7,417 times) and Chalasani N, 
2008, Gastroenterology (7,165 times).

Journals
The journal names of co-citation analysis with all the 
publications were analyzed by using VOSviewer software. 
A total of 1,296 journals with more than 30 co-citations 
(Figure 5C) in this field were analyzed. The top five 
references with large total link strength were Hepatology 
(total link strength =1,168,276 times); Gastroenterology 
(581,483 times); Journal of Hepatology (521,586 times); 
Journal of Biological Chemistry (433,541 times); Drug 
Metabolism and Disposition (385,385 times).

Co-occurrence terms and cluster analysis

Co-occurrence analysis investigates the co-occurrence 
links between research terms. The link strength of co-
occurrence illustrated the number of documents where 
two topics appear at the same time. Co-occurrence analysis 
can reveal up-to-date knowledge of the current status of 
research topics in this field. In addition, it can be proved to 
be very useful to explore the hotspots and future directions 
in research related DILI. Also, it helps to monitor the 
development of academic programs.

The network visualization term map for DILI research 
conducted globally from 1999 to 2019 (Figure 6). A total 
of 19,326 terms have been identified through the selected 
publications, but only 545 of terms repeated more than  
20 times. In the term map (Figure 6A), it is noted that four 
thematic research clusters or regions were classified by 545 
co-occurring terms with four different colors. The terms 
with similar research topics were combined together under 
a same catalog, and the 4 main clusters were pathogenesis, 
diagnosis/risk factors/treatment, clinical manifestations and 
pathology of DILI. For the pathogenesis cluster (in red 
color), the primary keywords were “oxidative stress”, “mice”, 
“inflammation”, “gene-expression”, “expression”, “cell-
death” and “mitochondria”. For the diagnosis/risk factors/
treatment cluster (in green color), the main keywords 
were “drug-induced liver injury”, “causality assessment”, 
“diagnosis”, “risk-factor”, “herbal hepatotoxicity” and 
“transplantation”. For clinical manifestation cluster, the 
primary keywords were “cholestasis”, “injury”, “salt export 
pump”, “liver fibrosis”, “damage”. As for the pathology 
Cluster, “antioxidant”, “lipid-peroxidation” and “rats” were 
served as main keywords.
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Density visualization map (Figure 6B) was exported by 
VOSviewer. The times of occurrence of a key word were 
defined as the color of the area. The larger the times, the 
warmer the color is. Blue corresponds with the lowest 
item density and red corresponds with the highest item 
density. VOSviewer software was used to code the color 
of terms according to the average time they appeared 
in all the included publications. The keywords with an 
average earlier time period were represented by the purple 
color, and the yellow colored keywords with an average 
terminal time period appeared later. Before 2012, majority 

of studies focused on the topics of “mechanism research” 
and “oxidative stress”, while the latest trends show that 
“diagnosis” and “risk factors” might be concerned in the 
future. 

Meanwhile, the VOSviewer software was used to 
identify the density based on the frequencies of the 
keywords which could be exhibited by the density map 
(Figure 6C). The higher frequencies, the more warmer 
color is, representing the higher density is. The research 
hotspots in the field were biased towards areas with larger 
gray values.

A B

C

Figure 5 Co-citation analysis of global research on drug-induced liver injury based on the WoS database. The same color point represents 
the same research topic. (A) Mapping of co-cited authors in the field. Points marked by different colors indicates the 1,166 cited authors. (B) 
Mapping of co-cited references in the field. Points marked by different colors indicates the 1,121 cited references. (C) Mapping of co-cited 
journals in the field. Points marked by different colors indicates 1,296 identified journals. The citation frequency is represented by the size 
of the points. A line between two points suggests both cited in the same paper or journal. The shorter the line, the closer the link between 
two entities.
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Discussion

Trends in the research field

During the current information exploration, investigators 
often focus on how to conduct knowledge management 
and acquirement on a certain field. In our present study, we 
used a combination of bibliometric and visualized analysis 
to describe the current status in the research field on DILI. 
We evaluated the relatedness of individual authors, journals, 
organizations, countries/regions in this fast-growing 
research field, and the existing hotspots from 1999 to 2019, 
as well as the predicted concern topics in the future. To our 
knowledge, this is the first study to use bibliometric and 

visualized analysis to evaluate the knowledge map of the 
developmental tendency, prospective progress, and existing/
evolving hotspots that arouse the interests of researchers in 
the coming years.

Regarding the numbers of publications in this field, it is 
easily found that the developmental trends increased from 
1999 to 2019, particularly with an obvious and exponential 
growth throughout the past ten years. Since the risk factors 
associated with increased susceptibility to DILI and precise 
diagnostic tests for IDLI are still missing, the clinical study 
related to DILI had attracted public’s attentions during the 
past years (20-22). Our study shows that the publications of 
294 institutions from 65 countries all over the world have 

A B

C

Figure 6 Co-occurrence analysis of global research on drug induced liver injury based on the WoS database. (A) Mapping of keywords in 
the research field. The frequency of appearance is represented by the size of the points, and the keywords are divided into four clusters: 
mechanistic studies (red), diagnosis studies (green), expression studies (blue), and in-vitro studies (yellow). (B) Distribution of keywords 
regarding the chronological order of appearance. Keywords in purple appeared the first, green the second, and yellow the latest. (C) 
Distribution of keywords regarding the average frequency of appearance. Keywords in yellow represented the highest frequency, followed by 
green, and purple.



8661Annals of Palliative Medicine, Vol 10, No 8 August 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(8):8651-8664 | https://dx.doi.org/10.21037/apm-21-981

significant bibliographic coupling among more than 6,000 
publications since 1999. These figures were organized 
jointly to evaluate the forepassed, existing and prospective 
research hot topic in this certain research field. Co-
occurrence terms provide a reliable reference to researchers 
that the research fields of “diagnosis” and “risk factors” 
would be appreciated in the future.

Quality of global publications according to countries, 
institutions and journals

Countries
The United States made great contribution in this field in 
terms of its total numbers of publications, H-index, total 
citation frequency, the top rank for bibliometric coupling 
and co-authorship analysis. The trends in Figure 2A,C 
show that the United States has the highest article quality 
and academic impact in the DILI research field, as well as 
the strongest partnership in the world. On the other hand, 
Switzerland has the highest number of average citation 
frequency in this research field. In addition, some other 
countries such as China, the United Kingdom, Japan, 
and Germany, have rapidly increased the number, quality, 
influence, and cooperation of publications in this field in the 
past two decades. In the past ten years, China has ranked 
2nd, 2nd, and 3rd separately in the world in the number of 
publications, total citation frequency and H-index in this 
field. This suggests the publications of China in this field 
focus not only on quantity but also on academic impact and 
quality. 

Institutions
In our study, the link strengths of 294 institutions 
determined by bibliometric coupling and co-authorship 
analysis show the relative contribution of specific 
institutions to the DILI research field. 

Bibliometric coupling and co-authorship analysis show 
that the top 5 universities may be the most powerful 
universities to this field in the world. The institutions 
that contribute the most in this field were also from 
the country with the highest impact in this field—the 
United States. Moreover, within the top five rankings of 
the Bibliometric coupling and co-author analysis of the 
institution, the University of North Carolina and the 
University of Michigan are ranked 1st and 2nd, which are 
stronger than University of Liverpool and US Food Drug 
Administration, indicating that these two universities 
made great contribution in this field. An article of the 

University of North Carolina named of “Causes, Clinical 
Features, and Outcomes from a Prospective Study of Drug-
induced Liver Injury in the United States (23)”, published 
in 2008, served as the most highly cited publication in 
this field. This article is cited by “Drug-induced liver 
injury: Asia Pacific Association of Study of Liver consensus 
guidelines” and “Consensus guidelines: best practices for 
detection, assessment and management of suspected acute 
drug-induced liver injury occurring during clinical trials 
in adults with chronic cholestatic liver disease” (24,25). 
They concluded that “DILI is caused by a wide array of 
medications, herbal supplements, and dietary supplements”.

Journals
Popular and core journals in a field are easy to be searched 
and they can provide many valuable documents. The link 
strengths of journals determined by bibliometric coupling 
and co-citation analysis revealed the relative the degree 
of relevance between a specific journal and the DILI 
research field. Combining citations, H-index ranking with 
bibliometric coupling and co-citation analysis may be more 
helpful for us to judge the influence of the journal in the 
research field. The analysis of the bibliometric reflects 
Hepatology is the best affection journey in this research 
field, but Journal of Hepatology has the highest impact factor. 
The articles of Hepatology such as (Bala S et al., 2012), 
(Reuben A et al., 2010), (Starkey Lewis PJ et al., 2011), etc. 
were cited actively in other studies (26-28). In recently 
years, journal of Hepatology’s articles mainly focused on 
tool of identification of causative drugs, biomarkers of 
diagnostic and prognostic, pathophysiology, risk factors in 
this field, etc. (12,29-32).

Future outlooks

Bibliometric analysis is a helpful tool that can exhibit the 
future directions of this field through co-occurrence network 
maps grouped by subject areas or the published dates of 
articles. Hematopoietic studies, oxidative stress studies, cell 
death and in vitro studies are regarded as comprehensive 
research direct ions  in  the future,  each of  which 
contains a series of important subtropics (Figure 6A,C).  
However, the “remote” subject areas surrounding the visual 
map do not yet belong to any large clusters and have not 
yet established strong co-occurrence links with other major 
themes in the field. These topic areas consist of, such as, 
salt export pump, extract, and covalent binding. Although 
they are not the main research fields, they present a long-
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term problem of a multidisciplinary approach that deserves 
further study.

The earlier co-occurrence analysis map (Figure 6B) was 
classified by different topic area according to publication 
date, which can show the next few years directions. There 
are several yellow colored themes, such as the topic of 
“diagnosis” and “risk” in the spectrum map, which may 
arouse interests in research in the future.

Strengths and limitations

Bibliometric and visualized analyses on DILI publications 
in the past two decades have been conducted in our 
study. This research described the current status of DILI 
research by measuring the frequency and quality of citation, 
bibliographic coupling, co-authorship, co-citation, and  
co-occurrence. This provided a large amount of information 
from different perspectives and exhibited the current and 
future research trends in this field. As far as we all known, 
this is the first such research in this field. Nevertheless, 
the accuracy of our analysis still has certain limitations. 
First, only English documents were included in the WoS 
and PubMed databases, and the omission of non-English 
documents may lead to biases in the research of language 
publication documents. Secondly, recently published 
research may be underestimated due to the low frequency 
of citations, even though these documents are published in 
high-quality journals. Citation indicators in research fields 
will become more apparent over time, for example authors, 
journals, institutions, and countries.

Although some studies are published in high-quality 
journals, there are underestimated contributions to different 
analyses because they are cited with very low frequency. 
Over time, these existing publications with a true impact 
will largely affect their citation indicators for journals, 
authors, institutions, and countries in the field much more 
apparently. Moreover, this study only included the WoS 
and PubMed databases, while papers from other databases 
could not be retrieved, probably leading to inadequate data 
collection and different results. In addition, VOSviewer 
software only cites abstracts instead of full text to analyze 
co-occurring keywords, which makes it impossible to 
provide sufficient details of DILI research through abstracts 
alone.

Conclusions

This present study showed the global trends of DILI 

research and present an overview of current research 
hotspots in the past two decades by using bibliometric and 
visual analysis of publications. This study indicated that 
the number of published articles in this field increased 
rapidly in the recent years. The countries of United States 
and China made great contribution to this field, and 
“Journal of Hepatology” is the most impactive journal. Given 
the complexity of DILI diagnosis, DILY’s research on 
“diagnosis”, “risk factors” and “drugs” may go through with 
an escalating trend. 
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