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Background: Injury is one of the leading causes of mortality and disability worldwide. It is a major contributor to the overall burden
of disease. This study aimed to analyze the temporal trend, research focus and future direction of research related to injury burden.
Methods: Publications on injury burden published between January 1998 and September 2022 were extracted from the Web of
Science Core Collection (WoSCC) through topic advanced search strategy. Microsoft Excel, RStudio, VOSviewer, and CiteSpace were
used to extract, integrate, and visualize bibliometric information.

Results: A total of 2916 articles and 783 reviews were identified. The number of publications on injury burden showed a steady
upward trend. The United States of America (USA) (n=1628) and the University of Washington (n=1036) were the most productive
country and institution. High-income countries started research in this domain earlier, while research in low- and middle-income
countries began in recent years. Lancet was the most influential journal. Public, environmental occupational health, general medicine
and neurology were the predominant research domains. Based on keyword co-occurrence analysis, the research focus was divided into
five clusters: injury epidemiology and prevention, studies related to the global burden of disease (GBD), risk factors for injury, clinical
management of injury, and injury outcome assessment and economic burden.

Conclusion: The burden of injury has drawn increasing attention from various perspectives over the years. The research field on
injury burden is also becoming more and more extensive. However, there are some gaps among different countries or regions, and
more attention needs to be paid to low and middle-income countries.
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Introduction

Almost every individual is affected by traumatic experiences worldwide. These experiences might be encountered in
a variety of ways, including natural disasters, war, and violence as well as road traffic accidents, falls, occupational
injuries, or other injuries." Injury has become an international public health matter, resulting in the most frequent
mortality and morbidity.” According to the World Health Organization (WHO) statistics, about 10% of deaths and 16% of
disabled are caused by injury globally.® Injury is not only associated with an increased risk of adverse health outcomes
(eg, venous thromboembolism, acute kidney injury, post-traumatic stress disorder, and sleep disorders) but also regularly
poses a significant economic impact on patients’ families and society.* ® It has been reported that the costs of injury-
related care were estimated to exceed 400 billion dollars per year in the United States of America (USA) alone.” The
burden of injury could be high in regions of the world where health data are lacking.'® Consequently, the injury burden is
underestimated, which is hugely challenging to understand better. Motivated by the magnitude of the situation, the
research on injury burden is gaining increasing attention. A number of papers related to this field have been published.
However, the issue of how trends and focus of injury burden research evolved has not been adequately addressed. In an
era of rapidly growing knowledge and information, some evidence-based systematic reviews and meta-analyses would be
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challenging to generate a broad overview of a field from a holistic and comprehensive perspective within a relatively
short time, although these methods could contribute valuable information and reliable conclusions.''

Bibliometric analysis is one of the most popular mathematical statistics-based methods for clarifying academic
productivity, summarizing research trends and hotspots, and predicting the direction of a research field through
qualitative and quantitative assessments.'>'> Tt could not only provide researchers with a comprehensive analysis and
structured information to identify research frontiers but also inform research policy and management decisions. In recent
years, bibliometric analysis has been increasingly used to analyze research in fields including healthcare, fracture, road
traffic injury, child abuse, and disaster risk reduction.'®'*"7

In this study, we aimed to analyze (i) the research trends and the focus on injury burden and predict future research
directions, and (ii) the scholarly contributions and influence of different countries, institutions, authors, and journals by
bibliometric method and indicators in order to contribute to the reduction of injury burden.

Materials and Methods

Data Source

The Web of Science Core Collection (WoSCC) database is a typical citation database and a frequently used database for
bibliometric analysis. It is large enough to reflect the research landscape in a specific domain.'® In our study, all literature was
searched and downloaded from WoSCC on October 10, 2022, to avoid bias due to database updates. Two investigators
searched independently with 100% agreement (kappa = 1 > 0.75). The expressions are as follows: kappa = (Py-P,) / (n-P.,).

Search Strategy

The search strategy was as follows: (TS = (injury OR injuries OR trauma*)) AND TS = (“cost of illness” OR “illness
costs” OR “burden of illness” OR “illness burden” OR “disease burden$” OR “burden of disease$” OR “disease cost$”
OR “cost$ of disease” OR “economic burden” OR “hospital burden” OR “public health burden” OR “socioeconomic
burden”). The literature published from January 1, 1998 (our earliest access to the WoSCC records) to September 30,
2022, was included. Only articles and reviews were included and other types of publications (such as meeting abstracts,
editorial materials, letters and early access, etc.), were excluded. No language restrictions were applied. Finally, 3699
publications were available as the ultimate dataset of further analysis (Figure 1).

Data Extraction and Collection

All the information, including the number of publications and citations, titles, publication year, countries of publications,
institutions, journals, authors, keywords, and references, was collected. The text format document including all biblio-
metric information was downloaded from the WOSCC. For more accurate bibliometric data analysis, information such as
countries, institutions, and keywords, was cleaned from the above-mentioned document data to reduce the bias caused by
some inherent weaknesses in the WoSCC database. The information for individual regions was incorporated into their
respective countries, for example, publications for England, Northern Ireland, Scotland and Wales were merged into the
United Kingdom (UK). Countries were classified by income groups using the World Bank income groupings.'’
Furthermore, the impact factor (IF) (2022) and Journal citation reports (JCR) (2022) were obtained from the Web of
Science.

Data Analysis
Descriptive analysis, graph plotting, and curve fitting were performed with Microsoft Excel version 2019 (Microsoft
Corporation, the USA). To achieve a more comprehensive data analysis, VOSviewer version 1.6.18 (Leiden University,
The Netherlands), CiteSpace version 6.1.R3 (Drexel University, USA) and RStudio version 2022.07.1 (RStudio Team,
Boston MA) were used for bibliometric and visual analysis.

The number of annual and cumulative publications and the growth rate of publications over time were calculated
using Microsoft Excel. Growth rate = [(number of publications in the last year + number of publications in the first year)

V(last yearfirst yea) _11 x 100.%° To better understand the temporal trends in publications regarding injury burden,
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Figure | Flow chart of the literature search, selection, and analysis process.
Abbreviation: WoSCC, Web of Science Core Collection.

exponential and polynomial curve fits between the year and the annual number of publications were plotted. The best-fit
model was picked based on the correlation coefficients (R?).

VOSviewer is a software for java based bibliometric mapping and clustering analysis by van Eck and Waltman.*' In this
study, country/institution/author co-authorship analysis, author/journal co-citation analysis, journal bibliographic coupling
analysis, and keywords co-occurrence analysis were conducted. Manual standardization was performed to address some
countries, institutions, and keyword terms when possible because of the presence of different names, misspellings, or variations
(eg, plurals, synonyms) of words.?? In the network visualization map, different nodes represented different items such as
countries, institutions, authors, journals and keywords, the node size represented the number of publications, citations or
frequency of appearance, and the different colors represented clusters or average years of appearance (AAY), and the thickness
of the lines represented the strength of the connection between the nodes.

CiteSpace is a visualization tool for visualizing and constructing bibliometric networks developed by Professor
Chen Chaomei.** In this study, CiteSpace was used to construct a cluster analysis and presented the clusters in form of
a timeline view. The modularity value (Q value) and weighted mean silhouette value (S value) were two indicators to
evaluate the significance of clustering. It was generally accepted that Q > 0.30 suggests a significant clustering
structure and S > 0.50 implies that the clusters are convincing.”* We also identified the top 20 references that
experienced the greatest increase in the frequency of citations over a certain period, which was considered a period
of popularity for the study.

Results

Basic Characteristics

Based on the selection criteria, 3699 documents (2916 articles and 783 reviews) on injury burden were published in the
WoSCC from 1998 to the date and included in the study. Of these, English (97.89%) was the primary language of
research, and 60.99% of publications were open access.
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Publication Outputs and Trends

Figure 2 shows the number of annual and cumulative publications from 1998 to 2022 (by 30 September). The number of
publications showed a steady upward trend, from 9 documents in 1998 to 495 documents in 2021, with an average annual
growth rate of 64.77%, and half of the publications were published in recent 5 years. The curve fitting results showed that
the annual publications satisfied the third-order polynomial, with the formula y = 0.0657%> - 1.1452x% + 10.968x - 7.0909
(R*=0.9921). In which y represents the number of publications and x represents the year. It could be expected that the
number of publications related to the injury burden will continue to increase in the next years.

Most Productive Countries
In this study, 150 countries contributed to the publication on injury burden. Table 1 lists the 10 most productive countries.
The USA published the highest number of papers (1628, 44.01%). The UK was the next leading country (727, 19.7%),
followed by China (599, 16.2%). Publications from the USA were cited the most (135,572, 55.00%). Publications from
Tanzania had the highest average citation per paper (291.167), followed by Switzerland (247.228). There were a large
number of papers on single-country publications (SCP) and multi-country publications (MCP) from the USA.

The country co-authorship analysis showed the level of interaction between influential countries in this field. With
a threshold of at least 5 publications per country, 86 countries were selected, forming a graph of national collaborations
with 1998 links and a total link strength (TLS) of 11,405 (Figure 3). Researchers from the USA displayed the highest
collaboration performance with a TLS of 2299, followed by the UK (TLS = 1496) and Australia (TLS = 1249). These
relationships were driven by high and upper-middle-income countries and were lacking in low-income and lower-middle-
income countries. Developed countries such as the USA, UK, Canada, Australia, and Switzerland started research in this

field earlier, while the research on injury burden in developing countries such as China and India began in recent years.

Analysis of Institutional Output

Concerning the 10 most frequent institutions, the University of Washington in the USA was the leading institution,
followed by Harvard University in the USA and the University of London in the UK (Table 2). Four are located in the
USA, three in Australia, one in the UK, one in Canada, and one in Iran.

600 4000

/ 3500

500 /

/ 3000

/ 2500

300 / 2000
/ 1500

/ 1000

Cumulative number of publications

Annual number of publications

100 -

e

< —— i

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Publication years

Annual number of publications ~e—Cumulative number of publications

Figure 2 The number of annual and cumulative publications on injury burden research from 1998 to 2022 (by 30 September). The “Annual number of publications” is
referred to on the left axis and the “cumulative number of publications” is to the right axis.
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Table | Top 10 Most Productive Countries on Injury Burden
Countries Group Name Record Ranking Based Total Average Ranking SCP* | MCP®
Counts | on Total Output | Citations Article Based on
Citations Citations
USA High income 1628 | 135,572 115.775 [ 747 424
UK High income 727 2 13,502 61.653 4 91 128
China Upper middle income 599 3 6407 16.995 6 301 76
Australia High income 558 4 24,034 82.591 2 164 127
Canada High income 452 5 11,869 60.867 5 120 75
Germany High income 358 6 3609 25415 9 75 67
India Lower middle income 259 7 3916 33.186 8 80 38
Netherlands High income 247 8 3041 35.776 10 48 37
South Africa Upper middle income 244 9 1850 27.612 12 42 25
Switzerland High income 231 10 14,092 247.228 3 19 38

Notes: *Articles in which all authors have the same country affiliation are called SCP and are considered to represent intra-country (within) collaboration. “Articles with
authors having different country affiliations are called MCP and are considered to represent the international collaboration of that country.
Abbreviations: SCP, single-country publications; MCP, multiple-country publications.

The institution collaboration network is shown in Figure 3. The most collaborative institutions included the following:
the University of Washington (TLS = 618), Harvard University (TLS = 314), and the University of Queensland (TLS =
261), among others. China’s institutions, such as Chinese control disease and prevention, Peking University and Sichuan
University also contributed a number of publications in this field while their studies are later, suggesting that they are

paying more and more attention to this field in recent years.
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Figure 3 Network visualization map for (A) country collaboration, (B) institution collaboration, (C) author co-authorship (D) author co-citation (E) journal co-citation,
and (F) bibliographic coupling of journals.
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Table 2 Top 10 Most Frequent Institutions on Injury Burden Research

Rank Affiliations Country Record Count
| University of Washington USA 1036
2 Harvard University USA 573
3 University of London UK 250
4 University of California System USA 235
5 Johns Hopkins University USA 317
6 University of Toronto Canada 213
7 University of Queensland Australia 183
8 Tehran University of Medical Sciences Iran 181
9 University of Sydney Australia 166
10 University of Melbourne Australia 165

Analysis of Influential Authors
In terms of the most influential authors, Vos T ranked first with 164 publications, followed by Murray CJL with 162 publications
and Naghavi M with 156 publications. Vos T, Murray CJL and Naghavi M were also the most locally cited authors.

The network visualization maps for author co-authorship and author co-citation on injury burden are shown in
Figure 3. Vos T had the largest TLS of 97 (Figure 3). Remarkably, several authors tended to cooperate with a small group
of collaborators, generating six major clusters of authors, each usually having one or two core authors. WHO with a TLS
of 15,126 and links of 89 and Murray CJL with a TLS of 12,892 and links of 88 made significant contributions to the
field of injury burden (Figure 3).

Most Active Journals and Research Areas

Table 3 shows the basic information of the top 10 most productive journals on injury burden research, including journal
titles, record counts, the percentage of articles, JCR, IF (2022) and journal countries (JC). Lancet published the most
papers, followed by PLoS One and BMC Public Health. Lancet had the highest IF of any journal in 2022. Among these,
most were classified as Q1 or Q2 according to the JCR 2022 standards. Six of 10 journals are published in the UK. The
most relevant journals were identified (eg, Lancet, JAMA-the journal of the American Medical Association, New England
Journal of Medicine, and PLoS One) by an analysis of co-citations (Figure 3). Those mainly appeared in journals with
world-class influence. While co-citation analysis reveals more about relationships among older papers, bibliographic
coupling analysis reflects more about the current research front. A total of 142 journals had at least five publications. The
journal with the highest number of TLS was Lancet (TLS = 29,792), followed by PLoS One (TLS = 12,220) and Injury
Prevention (TLS = 10,985) (Figure 3). Additionally, the documents in the WoS database are assigned to different
research areas. The top 10 research areas ranked by publication counts are exhibited in Figure 4.

Table 3 Top 10 Most Active Journals on Injury Burden

Rank Journal Titles Record Counts JCR IF (2022) JC

| Lancet 97 Ql 202.731 UK

2 PLoS One 75 Q2 3.752 USA

3 BMC Public Health 64 Q2 4.135 UK

4 Injury Prevention 57 Q2 3.77 UK

5 BMJ Open 38 Q2 3.006 UK

6 Archives of Iranian Medicine 36 Q2 3.138 Iran

7 International Journal of Environmental Research and Public Health 31 Ql/Q2 4614 Switzerland
8 Bulletin of the World Health Organization 29 Ql 13.831 Switzerland
9 Injury-International Journal of the Care of the Injured 27 Q2/Q3 2.687 UK

10 Population Health Metrics 27 Q3 2.936 UK

Abbreviations: JCR, Journal citation reports; IF, impact factor; JC, Journal countries.
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Figure 4 Top 10 research areas ranked by publication counts on injury burden research.

Analysis of Highly Cited References and Reference Burst

Table 4 summarizes the characteristics of the top 10 highly cited literature within injury burden studies. These studies
were systematic analyses using GBD data published in Lancet. References with strong citation bursts were explored
through CiteSpace and the top 20 references with the strongest citation bursts were identified (Figure 5). The strongest

burst starting from 2009 was from the paper published by WHO?*, followed by Murray et al*® and Lozano et al.>’

Table 4 Characteristics of Top 10 Highly Cited Literature on Injury Burden

Rank | Title Year First Journal Total Total
Author Citations | Citations
Per Year
| Global and regional mortality from 235 causes of death for 20 age groups | 2012 | Lozano R Lancet 7352 668.36
in 1990 and 2010: a systematic analysis for the Global Burden of Disease
Study 2010
2 A comparative risk assessment of burden of disease and injury 2012 Lim SS Lancet 7018 638.00

attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-
2010: a systematic analysis for the Global Burden of Disease Study 2010

3 Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 2012 Murray Lancet 5455 49591
regions, 1990-2010: a systematic analysis for the Global Burden of CL
Disease Study 2010

4 Global, regional, and national age—sex specific all-cause and cause-specific | 2015 | Naghavi M Lancet 4647 580.88

mortality for 240 causes of death, 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013

5 Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and 2012 Vos T Lancet 4460 405.45
injuries 1990-2010: a systematic analysis for the Global Burden of Disease
Study 2010

6 Global and regional burden of disease and risk factors, 2001: systematic | 2006 | Lopez AD Lancet 3836 225.65

analysis of population health data

(Continued)
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Table 4 (Continued).

Rank | Title Year First Journal Total Total
Author Citations | Citations
Per Year
7 Global, regional, and national incidence, prevalence, and years lived with | 2016 Vos T Lancet 3611 515.86
disability for 310 diseases and injuries, 1990-2015: a systematic analysis
for the Global Burden of Disease Study 2015
8 Global, regional, and national incidence, prevalence, and years lived with | 2015 Vos T Lancet 3469 433.63
disability for 301 acute and chronic diseases and injuries in 188 countries,
1990-2013: a systematic analysis for the Global Burden of Disease Study
2013
9 Global burden of disease attributable to mental and substance use 2013 | Whiteford Lancet 3444 344.4
disorders: findings from the Global Burden of Disease Study 2010 HA
10 Global, regional, and national life expectancy, all-cause mortality, and 2016 | Wang HD Lancet 2914 416.29
cause-specific mortality for 249 causes of death, 1980-2015: a systematic
analysis for the Global Burden of Disease Study 2015

Analysis of Keywords
The keywords timeline view displays the evolution of high-frequency keywords. As shown in Figure 6, the keywords could be

grouped into 6 major clusters. The modularity was 0.38, and the mean silhouette value was 0.69, reflecting the rationality of

this clustering method. All these clusters were generalized and ordered by the frequency of keywords. #0 inflammation was the

largest cluster, followed by #1 burden of disease, #2 post-traumatic stress disorder, #3 cost of illness, #4 meta-analysis, #5

acute kidney injury. The results reflected the increasing depth of research on the injury burden.

After merging the keywords with the same meaning, a total of 172 keywords with a minimum of 25 occurrences were

extracted from the 3699 publications. A network visualization marked with different colors based on the frequency of

keyword co-occurrence in the cited literature was created and the keywords were classified into 5 clusters by cluster

analysis (Figure 6).

Cluster 1 (blue): Injury epidemiology and prevention.
Cluster 2 (yellow): GBD-related studies.
Cluster 3 (purple): Risk factors for injury.

Top 20 References with the Strongest Citation Bursts

References
***worldhealthorganization , 2008, GLOB BURD DIS 2004 U, VO, PO
Murray CJL, 2012, LANCET, V380, P2197, DOI 10.1016/50140-6736(12)61689-4, DOI
Lozano R, 2012, LANCET, V380, P2095, DOI 10.1016/5S0140-6736(12)61728-0, DOI
Vos T, 2012, LANCET, V380, P2163, DOI 10.1016/5S0140-6736(12)61729-2, DOI
Murray CJL, 2012, LANCET, V380, P2063, DOI 10.1016/50140-6736(12)61899-6, DOI
Salomon JA, 2012, LANCET, V380, P2129, DOI 10.1016/S0140-6736(12)61680-8, DOI
Lim SS, 2012, LANCET, V380, P2224, DOI 10.1016/5S0140-6736(12)61766-8, DOI
Naghavi M, 2015, LANCET, V385, P117, DOI 10.1016/50140-6736(14)61682-2, DOI
Vos T, 2015, LANCET, V386, P743, DOI 10.1016/S0140-6736(15)60692-4, DOl
Murray CJL, 2015, LANCET, V386, P2145, DOI 10.1016/50140-6736(15)61340-X, DOI
Kassebaum NJ, 2016, LANCET, V388, P1603, DOI 10.1016/50140-6736(16)31460-X, DOI
Wang HD, 2016, LANCET, V388, P1459, DOI 10.1016/50140-6736(16)31012-1, DOI

Year Strength Begin End

2008
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2016
2016

Salomon JA, 2015, LANCET GLOB HEALTH, V3, PO, DOI 10.1016/52214-109X(15)00069-8, DOI 2015

Hay SI, 2017, LANCET, V390, P1260, DOI 10.1016/S0140-6736(17)32130-X, DOI
Naghavi M, 2017, LANCET, V390, P1151, DOI 10.1016/50140-6736(17)32152-9, DOl
Roth GA, 2018, LANCET, V392, P1736, DOI 10.1016/50140-6736(18)32203-7, DOI
Hay SI, 2017, LANCET, V389, PO

Kyu HH, 2018, LANCET, V392, P1859, DOI 10.1016/s0140-6736(18)32335-3, DOI
Stanaway JD, 2018, LANCET, V392, P1923, DOI 10.1016/S0140-6736(18)32225-6, DOI

Dicker D, 2018, LANCET, V392, P1684, DOI 10.1016/50140-6736(18)31891-9, DOI

Figure 5 Top 20 references with the strongest citation bursts on injury burden research.
Note: *** The global burden of disease: 2004 update was a publication produced by WHO. Available at: https://www.who.int/publications/i/item/9789241563710.
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Figure 6 Analysis of keywords. (A) keywords timeline view; (B) keyword co-occurrence; (C) overlay visualization map.

Cluster 4 (green): Clinical management of injury, including injury-related disease cluster management and patho-
physiological mechanisms.

Cluster 5 (red): Injury outcome assessment and economic burden.

To reflect the changes in research topics in recent years, an overlay visualization map marked with different colors
based on AAY was created. The larger AAY of keywords, the closer to the present, and the higher the topic attention
(Figure 6). New emerging keywords in the last 3 years were cohort, incidence, adult, China, surgery, length of stay,
inflammation, oxidative stress, mechanism, etc.

Discussion

In this study, the bibliometric approach was utilized to analyze development trends and research focus of the injury
burden field, as well as identify the main force and important cited publications. The results could provide insight into the
injury burden research to promote ideas for future investigation and serve researchers, educators, doctors, nursing
experts, and stakeholders to have a more comprehensive knowledge of this field.

Temporal Trends on Injury Burden

The change in the number of academic publications is a vital indicator of the evolving trends in a field.”® The global trend of the
annual number of publications and the associated cumulative number showed a steady increase from 1998 to 2021, with half of
these articles published in the last five years. The curve-fitting results also verified this trend. The results indicated that injury
burden has become an increasingly important research topic and attracted a great deal of attention and academic research effort
from scholars. This partly reflected the high morbidity, disability, and mortality rates and the high economic burden of injury.
With this in mind, one could predict that the number of publications in this area would grow further with in-depth research on the
intrinsic mechanisms and long-term effects of injury and the issuing of a series of policies or regulations on injury reduction in

. 2931
countries around the world. >

General Knowledge Structure on Injury Burden

From the perspective of countries, the total number of publications by a country is an important indicator to reflect
a country’s output and productivity. The USA had an overwhelmingly dominant position in both the number of
publications and citations. The USA also had a robust national and international collaboration in injury burden research
with the highest SCP and MCP. In the country co-authorship map, it could be seen that the USA had the largest nodes
and densest links and started research in this field earlier. The above results demonstrated a significant contribution of the
USA to the research on injury burden. In economic terms, most were high-income countries and no were low-income
countries of the top 10 most represented countries, which revealed the level of scientific research was closely related to
the level of economic development. The developed countries would invest more in scientific research and development.*?
Moreover, low- and middle-income countries may lack the capacity and financial resources to conduct research
independently or have difficulty establishing collaborations with other countries.*> The overlay visualization map of

Journal of Multidisciplinary Healthcare 2023:16 hetps: 1877

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

country co-authorship showed that more countries, such as China and Russia, have joined the research on this field in
recent years, especially in developing countries. Among the top 10 institutions, four were in the USA, three in Australia,
one each in the UK and Canada, and one in Iran. The University of Washington in the USA was the most influential
institution in this field, and the study on GBD was led by the Institute for Health Metrics and Evaluation at the University
of Washington. Recently, institutions such as the Chinese Center for Disease Control and Prevention and Peking
University have expanded their influence in the field of injury burden, likely due to the establishment of a China network
on global health and the improvement of injury care systems.**> Yet, cross-national or cross-institutional collaboration
was weak, both at the national and institutional levels, which greatly hindered the development of research on injury
burden. In the context of globalization, it is an inevitable trend for researchers from different countries to join in to help
the world hear more national voices. Therefore, we strongly recommend that different countries and different institutions
should remove academic barriers and strengthen cooperation to boost the development of this field.

Analyzing the most influential authors could be helpful for scholars to understand the existing partnerships and
identify potential collaborations at home and abroad.® Vos T was the most productive author, followed by Murray CJL
and Naghavi M. They were all GBD collaborators. They were also the core authors in the field as seen in the overlay
author collaboration network map. The co-citation analysis is usually considered to be a better approach to evaluating the
academic influence of a scholar.®” The author’s co-citation analysis showed that WHO and Murray CJL occupied the
maximum node with the largest citations. Combining the results of the highly cited literature and the reference burst, their
papers were published earlier and cited more. Thus, paying attention to their research directions could help researchers to
grasp the authoritative dynamics of this field. Interestingly, this result revealed that the number of publications may not
definitely reflect the academic influence of a scholar, since there were multifactor influencing the citation frequencies of
a paper. We found the author collaboration presented in clusters and the whole was relatively weak. The better
phenomenon is that increased authors are focusing on injury burden research and the connection between authors of
different clusters is strengthening over time.

Journals are an important carrier for delivering the results of academic achievements and disseminating knowledge. In
general, few researchers could be fully aware of all relevant journals in their research fields, and many are struggling to
identify the appropriate journals for their research.'® The journal co-citation network map could help identify the most
relevant journals in a field. This study found that most of the top 10 journals with the most outputs belonged to Q1 or Q2.
The IFs of other journals were relatively low except for the lancet, indicating that the research quality in the field of
injury burden needs to be improved. The journal co-citation network map showed that core journals were mainly top
journals such as the Lancet, JAMA, and the New England Journal of Medicine, or journals with high annual publication
volumes like PLoS One. Research related to injury burden published in these journals may have a great potential to be
cited and noticed. A bibliographic coupling map of journals is useful to dig out the emerging potential journals in this
field, such as Lancet public health, Frontiers in public health, and Journal of clinical medicine. In addition, the literature
published in these journals also deserves special attention to obtain the latest progress in this field and to grasp future
research directions.

Main Research Domains and Future Trends on Injury Burden

Keywords represent the topic and core content of a paper. The co-occurrence relationship and the AAY of keywords are
important indicators to reflect the hot topics and development trends of a research field. Based on keyword co-occurrence
analysis, injury burden research could be divided into five aspects: injury epidemiology and prevention, GBD-related
studies, risk factors for injury, clinical management of injury, and injury outcome assessment and economic burden.
Injury is a leading cause of morbidity and mortality worldwide, and injury events are in a wide range of ways, from
collective and personal events to everyday injury experiences. Realizing the urgency, many countries around the world
have begun to conduct injury-related research to understand injury epidemiology.*®* ** The injury mechanisms mainly
focused on falls, road traffic incidents, and violence.** Exploring epidemiological characteristics of injuries is funda-
mental to better understanding the distribution of time, region, and population and potential influencing factors. This
would facilitate improving strategies for investigation, monitoring, prevention, and control of the injury. For example, the
Government of India developed a pan-India network of injury care facilities based on epidemiological data to provide
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immediate treatment for accident victims and address the increasing burden driven by road traffic injuries.'> Despite the
growing richness of epidemiological data on injury in different nations, injury prevalence varied widely among countries.
Fortunately, the GBD study has provided a comprehensive assessment of incidence, mortality, and disability for all major
diseases and injuries using standardized methods since the 1990s. As shown in the keyword co-occurrence map, GBD-
related studies were grouped as one of the main clusters, which suggested that GBD-related studies were still one of the
main sources of data for understanding the injury burden. However, several important research questions, such as long-
term health impacts, healthcare utilization, and costs, generally could not be answered by modeling estimates since GBD
estimates are modeled based on real-world data. Therefore, it is essential to find out real-world data or real-world
evidence to fill these gaps.

The true consequences of injury go beyond the dynamics of the occurrence or fatality and are better reflected in
measures of disease burden. Because injury effects could be manifested as not only the changes in body integrity caused
by external factors directly acting on the body but also the acute or chronic effects caused by the injury response. Many
studies have demonstrated the association between injury and acute kidney injury, cardiovascular disease, diabetes,
dementia, post-traumatic stress disorder, and other diseases.***” Thus, scholars called for considering injury as
a systemic disease.*® Research on the short- and long-term health effects, potential influencing factors, and mechanisms
of injury is increasingly necessary for better injury management. It has been shown that a variety of factors can affect the
injury and prognosis of injury, such as smoking, alcohol consumption, obesity, and comorbidity.**>* With the progress of
medical technology and biotechnology, research related to the pathophysiology of injury has also begun to emerge, and
the role of biomarkers has been highlighted to carry out more precise treatment, so as to precisely reduce the burden of
injury.>>> Moreover, as a significant public health problem that affects multiple outcome domains, injury imposes
a significant economic burden on individuals, families, and society. The estimated economic cost of injury only in the
USA in 2019 was as high as 4.2 trillion dollars, including 327 billion dollars in medical expenses, 69 billion dollars in
work loss, and 3.8 trillion dollars in lost statistical value of life and quality of life.”’

The keyword timeline chart and overlay keyword co-occurrence map reflect changes in research topics. The results
showed that inflammatory, oxidative emergencies and biomarkers began to emerge and became the forefront of the injury
burden field. Meanwhile, the investigation of the relationship between injury and health outcomes has intensified to
promote injury prevention and management, and the main research design has gradually shifted to cohort studies. It is
worth mentioning that differences in different economic levels countries and genders are also beginning to be noted.

Based on the above research focus and relevant literature, we anticipated several hot topics in injury burden research:
Large observational study about injury in real-world; Injury epidemiology and burden in different injury types or
populations; The pathophysiological mechanism of injury disease cluster; Injury-related research in low- and middle-
income countries; Prognosis diagnosis and risk prediction of injury. Furthermore, the methods assessing the injury burden
could be summarized into five phases: first, the definition of injury and injury exposure measurement; second, the
construction of quantitative relationship models between injury and health outcomes; third, the identification of macro
and micro risk factors for poor prognosis of injury; fourth, evaluation of economic burden based on visits/hospitalization;
and fifth, conduction predictive and early warning studies on injury burden to improve injury burden in all aspects. In
brief, the development trend of injury burden research has the following characteristics: (1) Wider: spatial globalization
and developing countries are gradually joining in; (2) More detailed: the influencing factors develop to the micro level,
from the sociodemographic level to molecular level; (3) Injury classification focuses more on subgroups; (4) Longer:
paying more attention to long-term effects; (5) Full spectrum: considering injury as a systemic disease to explore broader
health effects; (6) Interdisciplinary: integrating information technology, biotechnology, etc.

Strength and Limitations

This study provided a comprehensive and systematic summary of the overall overview of the field of injury burden
research from 1998-2022 using a bibliometric approach, which had the advantage of covering a larger period and had
richer results than previous narrative-only or systematic reviews. Then, our study also had some shortcomings. The first
was that only one database, WoSCC, was searched in this study, and the information collected was limited, which may
cause some bias. However, it should be noted that WoSCC was the most used database in bibliometric analysis, and the
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data from WoSCC could represent the status of most publications in a certain field to a certain extent. Secondly, there
were intrinsic differences between the results of bibliometric analysis and real-world studies. For instance, some
comparatively new publications of high quality may not attach sufficient attention due to lower citation frequency,
whilst older articles tended to accumulate more citations. Third, some factors, such as the influence of certain time
factors, and the database continuously updating studies, may bring about the gap existing between actual research
conditions and bibliometric analysis results. Finally, whether the increasing trend in publications depicts increasing injury
incidence or increased public health awareness might require further analysis.

Conclusion

This study analyzed articles published between 1998-2022 to help researchers gain a comprehensive understanding of
research related to injury burden. The study found that research showed a steady growth trend and was likely to continue
to increase consistently in the future. High-income countries played an important role in injury burden research,
particularly the USA. The University of Washington was the most influential institution in the field. Vos T was the
most contributing scholar in the field. Lancet was recognized as a high-quality journal for scholars in the field. Injury
burden was more likely to focus on injury epidemiology and prevention, GBD-related studies, risk factors for injury,
clinical management of injury, and injury outcome assessment and economic burden. In addition, the collaboration
between different countries, institutions, and authors should be enhanced.
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