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Objective. We focused on medical informatics journal publications rather than on conference proceedings by comparing and
analyzing the data from journals and conferences from a broader perspective.)e aim is to summarize the unique contributions of
China to medical digitization and foster more multilevel international cooperation.Method. In February 2019, publications from
2008 to 2018 in three major English-language medical informatics journals were retrieved through Scopus, including the journals,
namely, International Journal of Medical Informatics (IJMI, international community), JAMIA (United States), and Methods of
Information in Medicine (MIM, Europe). )ree major Chinese-language journals, namely, China Digital Medicine (CDM),
Chinese Journal of Health Informatics and Management (CJHIM), and Chinese Journal of Medical Library and Information
Science (CJMLIS), were searched within the major three Chinese literature databases. )e datasets were preprocessed using the
NLP package on Python, and a smart local moving algorithm was used as a clustering method for identifying the aforementioned
journals. Result. Between 2008 and 2018, the total number of published papers and H-index of the three English-language journals
was 1371 and 67 (IJMI), 1752 and 86 (JAMIA), and 637 and 35 (MIM), respectively. In the same period, the total number of
published papers and H-index in the three Chinese-language journals was 6668 and 23 (CDM), 1668 and 22 (CJHIM), and 2557
and 25 (CJMLIS), respectively. IJMI, JAMIA, and MIM received submissions from 82, 59, and 62 countries/regions, respectively.
By contrast, the three Chinese journals only received submissions from seven foreign countries. )e proportions of authors from
institutional affiliations were similar between the three English-language journals (IJMI, JAMIA, and MIM) and CJMLIS because
the majority of the authors were from universities (81%, 74%, 73%, and 65.2%), followed by medical institutions (12%, 10%, 9%,
and 23.4%) or research institutes (2%, 4%, 10%, and 4.3%). Furthermore, the proportions of the authors from enterprises were low
(2%, 6%, 4%, and 0.3%) for all journals. However, the authors in CDM and CJHIM were mainly from medical institutions (50%
and 40%), followed by universities (33% and 32%) and research institutes (3% and 4%). In addition, the proportions of enterprises
were only 3% and 2%, respectively. Among the top five authors in three English-language journals (ranked in terms of the number
of published papers), 100% had doctoral or master’s degrees, compared with only 60% in the Chinese journals. Additionally, 28204
different keywords were extracted from the aforementioned papers, covering 275 specific high-frequency key terms. Based on
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these key terms, four clusters were found in the English literature—“Health and Clinical Information Systems,” “Internet and
Telemedicine,” “Medical Data Statistical Analysis,” and “EHRs and Information Management”—and three clusters were found in
the Chinese literature: “Hospital Information Systems and EMR,” “Library Science and Bibliometrics Analysis,” and “Medical
Reform Policy and Health Digitization.” Only two clusters are similar, and Chinese-language journals focus more on health
information in technology and industrial applications than in medical informatics basic research. Conclusion. )is study provides
important insights into the development of medical informatics (MI) in China and Western countries showing that the medical
informatics journals of China, the United States, and Europe have distinct characteristics. Specifically, first, compared with the
Western journals, the number of papers published in the journals of professional associations in the field of MI in China is large
and the application value is high, but the academic influence and academic value are relatively low; second, most of the authors of
the Chinese papers are from hospitals, and most of the counterparts in the Western countries are from universities. )e
proportion of master’s or doctoral degrees in the former is also lower than that of the latter; furthermore, regarding paper themes,
on the one hand, China MI has no theoretical and basic research on medical data statistics and consumer health based on the
Internet and telemedicine; on the other hand, after nearly 10 years of hospital digital development, China has fully used the
latecomer and application advantages in hospitals and, through extensive international cooperation, has made significant ad-
vancements in and contributions to the development of medical information.

1. Introduction

Medical informatics (MI) can be defined as the acquiring,
storing, retrieving, and using of healthcare information to
foster better collaboration among a patient’s various
healthcare providers [1], which originated in 1959 when
Ledley et al. published “Reasoning Foundations of Medical
Diagnosis; Symbolic Logic, Probability and Value )eory
Aid Our Understanding of How Physicians Reason” in
Science [2]. Increasing MI is a fundamental requirement for
building effective and efficient health information systems at
the local, national, and global levels [3]. With the increas-
ingly extensive application of computer science and infor-
mation technology in medical fields, MI has gradually
become an interdisciplinary field theoretically based on
computer technology and science that integrates medicine
and information science and management to achieve digi-
tized medical management at the global level [3].

)e establishment and development of a discipline rely
on the foundation and support of a system, including rel-
evant institutions and associations, mainstream auxiliary
journals, and publications [4], for which there is no ex-
ception for MI. Most developed nations have all established
corresponding disciplinary systems, including institutes,
conferences, and journals, and have actively developed
talent, culture, and scientific research. IMIA was founded in
1978, is the acknowledged leader of international MI, and
comprises over 45 state-level organization institutes and
four regional conferences. IMIA holds one MI academic
conference, MedInfo, biannually. IMIA has four official
journals, which are all included in the Science Citation Index
(SCI), namely, the International Journal of Medical Infor-
matics (IJMI), Applied Clinical Informatics, Informatics for
Health and Social Care, and Methods of Information in
Medicine (MIM). Of these four journals, IJMI is the most
influential. )e European Federation for Medical Infor-
matics (EFMI), established in 1976, is one of four regional
conferences of the IMIA, comprises 30 state-level institutes,
and is mainly devoted to exchanges among European
countries. It holds its MI academic conference (MIE) an-
nually. EFMI has four official journals, of which two are

included in the SCI, namely, MIM (founded in 1962) and
IJMI. AMIA is the official representative institution of the
United States in IMIA and was jointly founded from three
organizations in 1990. Its members are not limited to the
United States and are from interdisciplinary organizations
across 65 countries, including those of doctors, nurses,
engineers, medical librarians, institute researchers, and
educators. AMIA holds annual conferences, and its official
journal, Journal of the American Association (JAMIA), is also
included in the SCI.

Different from MI in Western countries that developed
from computer applications to medicine, MI in China
evolved from medical library information science in the
early 1980s. Along with the development of hospital digi-
tization in China, this discipline did not become indepen-
dent until 2010. To date, only a few educational institutions
in China have established an MI institute or graduate
courses (27 programs for a master’s degree, five programs for
a doctorate), and the majority of participants are under-
graduates [5]. Furthermore, China currently has four state-
level medical information associations, of which three have
journals: China Digital Medicine (CDM) from the China
Hospital Information Management Association (CHIMA),
Chinese Journal of Medical Library and Information Science
(CJMLIS) from the Chinese Society of Medical Information
(CSMI) (founded by Chinese Medical Association), and
Chinese Journal of Health Informatics and Management
(CJHIM) from the Chinese Health Information Association
(CHIA) (formerly known as the Chinese Health Statistics
Association).

To efficiently, accurately, and timely understand the
research hot spots and developing trends of medical in-
formatics, researchers have adopted bibliometrics to study
the frontiers of MI from three aspects: academies, con-
ferences, and journals. As for academies, V. Maojo et al. in
2012 reviewed the members attending three mainstream
academies of MI, including Medical Informatics Europe
(MIE) 2005–2008, MedInfo 2004, 2007, and 2010, and
AMIA 2005–2009, and thought that the influence of these
academies outside this discipline was very low [6]. As for
conferences, Liang et al. compared the characteristics

2 Journal of Healthcare Engineering



between Chinese and international mainstream MI con-
ferences from the aspects of conference history, scales, and
themes [7]. Jia et al. comprehensively analyzed the authors,
academic values, and themes between Chinese and inter-
national mainstream MI conference publications [8].
Moreover, as for journals, by using online bibliographic
search filters, Van Kasteren. et al. analyzed the abstracts,
titles, and keywords among JMIR, MIM, JAMIA, and IJMI
in 2001–2015 and analyzed and summarized the changing
trends of themes in these English-language MI journals [9].
With UCINET, NetDraw, and SPSS, Deng et al. analyzed
1340 papers published by Chinese academics in 18 journals
listed in the 2016 JCR under the MI category, plotted
keyword cluster trees and cooccurrence network diagrams,
and found that the research hot spots of Chinese-language
journals were MI systems, mobile healthcare, and telecare
[5]. Kim and Delen analyzed the themes of 26407 English-
language papers published in 23 journals listed in the 2012
JCR under the MI category during 2002–2013 by using
keyword clustering and found that the research hotspots
and mainstreams in MI were HIT, Internet-enabled re-
search, and EMR/EHRs [10]. Gukesen and Haux analyzed
the theme trends of English-language papers published in
23 journals listed in the 2016 JCR under the MI category
during 2013–2017 using VOSviewer, and they recognized 5
theme clusters, including biomedical data analysis and
clinical informatics [11]. However, the existing studies are
quantitative analyses of medical informatics research
hotspots performed internationally or in China, but there is
rare comprehensive comparison of the two, and the
existing comparisons are limited by the nonunification of
time dimensions. Our study is based on the overall research
framework of our previous studies, or, namely, the prin-
ciple that this discipline cannot be developed without the
support from professional academies, mainstream con-
ferences, and journals. We have expanded and added the
comprehensive analysis of MI academic journals in China,
the United States, and Europe and from the international
MI community (IMIA) to find gaps in Chinese MI.We then
summarized the shared experiences with other countries to
promote international exchange and help improve and
develop Chinese MI. Our research filled the gap in com-
prehensive comparative analysis and had unique
contributions.

2. Materials and Methods

2.1. Journal Sources and Selection Criteria. Under the
framework of Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) [12], We selected
three representative English-language MI association jour-
nals—International Journal of Medical Informatics (IJMI:
IMIA, global), Journal of the American Medical Informatics
Association (JAMIA: AMIA, United States), and MIM
(EFMI, Europe)—that represent different research groups
and regions. For the Chinese-language MI journals, we
selected three representative journals and the largest-scale
professional journal from state-level MI associations: the
official journal of CHIMA: CDM (CHIMA, China); CJHIM

(CHIA, China) from CHIA; and the CJMLIS (CSMI, China)
from the Medical Information Subassociation.

2.2. Data Collection and Preprocessing. First, the English-
language papers were searched on Scopus, which provided
comprehensive preprocessed data from academic publica-
tions and has been accepted as one of the best databases for
literature analysis [13]. )e search period was limited to
2008–2018, and the literature types searched for were articles
and reviews. Second, the Chinese-language papers were
searched through three major Chinese literature databases:
Chinese Science and Technology Journal Database (CQVIP)
[14], Chinese National Knowledge Infrastructure (CNKI)
[15], and WanFang Data [16]. EndNote X7 was used for a
preliminary analysis of the general information assembled
since it is able to not only merge and filter bibliographic
records in different formats but also exclude some articles
such as book reviews, conference notifications, and those
which are not related to MI. )e searching period was from
2008 to 2018, and to ensure data consistency, all searches
were conducted on February 7, 2019.

Because all the databases had standard functions for data
analysis and abstraction, we selected and imported the
following information:

(1) Metadata of journals, including the names of jour-
nals, organization of the sponsors, organization of
the publication, time of publication, period of
publication, place of publication, and database of
inclusion

(2) Metadata and contents of periodical papers, in-
cluding the title; keywords; abstract; year of publi-
cation; citations of papers; and authors’ names and
education level, affiliations, and country

Next, to maximize the effectiveness and accuracy of co-
word analysis and data visualization, we preprocessed the
target datasets. First, the titles and keywords of the included
articles were standardized into lowercase, and the mor-
phology and abbreviations were reproduced in Python
2.7 +NLTK NLP [17]. Second, because all the Chinese-
language MI periodical papers were written in Chinese, we
used the self-developed Chinese Latin tool to convert the
Chinese names into Pinyin. Pinyin (phonetic alphabet) is a
system of romanization of Chinese characters and represents
the pronunciation of Chinese characters. Pinyin was ap-
proved in 1958 by the government of the People’s Republic
of China and officially adopted in 1979. Pinyin is not used
officially in Taiwan [18]. Furthermore, using the Youdao
AICloud translation package [19], we translated the titles
and keywords into English and manually emended and
examined them. Finally, these preprocessed datasets of
periodical papers were collected and imported into
Microsoft Excel 2011 and EndNote X2 for further qualitative
and quantitative analyses.

2.3. Bibliometric Analysis. )e basic characteristics of the
papers were analyzed with the built-in functions of Scopus,
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CQVIP, CNKI, and WanFang Data. )e author affiliations
were clustered using self-developed tool based on Python
2.7. )e tool clusters the authors’ affiliations into six cate-
gories: medical institutions, universities, manufacturers,
research institutions, and others. )e H-index was designed
as a measure of scientific research impact [20], which in-
dicates that a scholar or country has published H papers, and
each of which has been cited in other publications at least H
times. )erefore, the H-index reflects both the number of
publications and the number of citations per publication
[21]. Co-word analysis was proposed by Michel and Jean-
Pierre from the France National Centre for Scientific Re-
search [22]. In this case, on the one hand, we adopted a smart
local moving algorithm [23] as the word clustering method;
on the other hand, the results of clustering were visualized
on VOSviewer (Centre for Science and Technology Studies,
Leiden, Netherlands) [24]. )e process is illustrated in
Figure 1.

3. Results

3.1.Overall Trends of Journal Papers. Papers published in MI
journals between 2008 and 2018, including the three Chinese
MI journals (CDM, CJHIM, and CJMLIS) and the three
English MI journals (IJMI, MIM, and JAMIA), were ana-
lyzed both quantitatively and qualitatively. )e basic in-
formation of each journal is listed in Supplementary
Materials Table S1. Since CDM was founded in 2007, we
selected papers published after 2008, which facilitated a
comparison between different MI journals.

From the three mainstream Chinese-language databases,
6668, 1668, and 2557 articles between 2008 and 2018 were
identified from CDM, CJHIM, and CJMLIS, respectively,
with a total of 10893 and an annual rate of 990 articles. Using
Scopus, 1371, 637, and 1752 articles were identified from
IJMI, MIM, and JAMIA, respectively, with a total of 3760
and an annual rate of 341 articles. )e number of Chinese-
language papers was 2.89 times that of English-language
papers, and the number of papers in CDM was 1.77 times
that of the total number of English-language papers (Fig-
ure 2). )e proceedings from Chinese mainstream MI as-
sociation conferences, including the China Conference
(CMIAAS), China Hospital Information Network Confer-
ence (CHINC), Chinese Health Information Technology
Exchange Conference (CHITEC), and Chinese Medical
Association National Medical Information Conference
(CPMI), had no unified search database and were not
continuous or complete [8, 25]. However, the papers pub-
lished in CDM, CJHIM, and CJMLIS could be completely
and timely retrieved from the three mainstream Chinese-
language databases. )ese phenomena all suggest Chinese
MI journals as the main disciplinary systems that support
the establishment and development of the MI discipline in
China.

3.2. Academic Influence of Professional Journals. )e aca-
demic influence of the professional MI journals is signifi-
cantly different. JAMIA and IJMI are top-ranked journals,

followed by MIM; however, the Chinese MI journals (CDM,
CJHIM, CJMLIS) are ranked much lower. JAMIA published
1752 papers between 2008 and 2018, which were cited 44051
times, with an average of 25.1 times per paper and an
H-index of 86 (Figure 3). IJMI published 1371 papers in this
period, which were cited 26900 times, with an average of 19.6
times per paper and an H-index of 67. MIM published 637
papers in this period, which were cited 6827 times, with an
average of 10.7 times per paper and an H-index of 35. )e
aforementioned three journals can all be retrieved on SCI,
and the 2017 impact factors of JAMIA, IJMI, and MIM were
4.27, 2.975, and 1.531, respectively.

We compared similar statistics from the three Chinese
MI journals, and the results suggest that the total citations of
the three Chinese MI journals are slightly lower than that of
IJMI (23184 vs. 26900) but far lower than that of JAMIA
(44051), even though the total number of papers published
by the three Chinese journals was 16.9 and 13.2 times those
in IJMI and JAMIA, respectively.

3.3. Author Analysis of MI Journals

3.3.1. Author Distributions of Journal Papers. Similar to the
country distribution of authors in the MI conference pro-
ceedings, the regional MI journals, including JAMIA
(AMIA, United States) and MIM (EFMI, Europe), and
Chinese MI journals (CDM, CJHIM, and CJMLIS) were
dominated by local authors, whereas the international
journals such as IJMI (IMIA, global) represented authors
from various regions. Between 2008 and 2018, JAMIA
published submissions from authors of 58 countries or
regions, and the number of countries or regions with >10
manuscripts was 15; however, the majority of authors were
from the United States (approximately 69%), followed by
Europe (∼10%). By contrast, the proportion of the authors
from China (including mainland China, Taiwan, Hong
Kong, Macao) was only 4%. MIM published submissions of
the authors from 62 countries or regions, and the number of
countries or regions with >10 manuscripts were 21. How-
ever, most authors were from Europe (approximately 63%),
followed by the United States (about 16%), and the pro-
portion of authors from China (including mainland China,
Taiwan, Hong Kong, Macao) was only 2.4%. IJMI published
submissions from the authors of 81 countries or regions; the
number of countries or regions with >10 manuscripts was
28; and approximately 27%, 40%, and 6% of authors were
from the United States, Europe, and China (including
mainland China, Taiwan, Hong Kong, Macao), respectively.
)e Chinese MI journals (CDM, CJHIM, CJMLIS) were less
internationalized because publications by foreign authors
were only from Japan, Canada, the United States, South
Korea, the United Kingdom, Netherlands, and Germany.
Figure 4 shows the countries with more than 1% of the
authors.

3.3.2. Author Characteristics of Journal Papers. )e affilia-
tions and academic backgrounds of the authors were
largely different among journals. )e proportions of
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different affiliations were similar between the English-
language journals (IJMI, JAMIA, MIM) and the Chinese
journal CJMLIS because the majority (>50%) of authors
were from universities (81%, 74%, 73%, and 65.2%, re-
spectively), followed by medical institutions (12%, 10%, 9%,
and 23.4%, respectively) or research institutes (2%, 4%,
10%, and 4.3%, respectively). Furthermore, the proportions
of enterprises were low (only 2%, 6%, 4%, and 0.3%, re-
spectively) across all journals. However, the authors in
CDM and CJHIM were mainly from medical institutions

(50% and 40%, respectively), followed by universities (33%
and 32%, respectively) and research institutes (3% and 4%,
respectively), and the proportions of enterprises were only
3% and 2%, respectively (Figure 5). )ese data are very
similar to the affiliation distributions in the international
MI conference proceedings; however, they differ from
those in the Chinese MI conference proceedings because
the latter is dominated by medical institutions (54%),
followed by universities (17%), institutes (10%), and en-
terprises (7%) [25].

Scopus
n = 3760

IJMI
(n = 1371)

MIM
(n = 637)

JAMIA
(n = 1752)

Basic information and
metadata of english

papers extracted

Titles, keywords translated
into english

authors name converted to
pinyin

Basic information and
metadata of chinese

papers extracted

Chinese paper
preprocessing

Paper data
preprocessing

Titles, keywords
standardized and

morphologically reproduced

Bibliometric analysis
n = 14653

General trend Academic influence
comparison

Analysis and
comparison of author

characteristics

High-frequency
keyword clustering

analysis

Pubyear > 2007 and
pubyear < 2019

CNKI,
WanFang data,

CQVIP
n = 10893

CDM
(n = 6668)

CJHMI
(n = 1668)

CJMLIS
(n = 2557)

Figure 1: Workflow of the target article search and major manipulations.
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We further assessed the top five authors in each journal
and analyzed their affiliations and academic and knowledge
backgrounds (Supplementary Materials Table S2). We
observed that the authors of JAMIA andMIM differed from
those of the other journals but were similar to the authors
from the proceedings of AMIA, MIE, and MedInfo because
a large proportion (40%) of authors possessed MD degrees
[8].

)e top five authors in IJMI had academic backgrounds
similar to those in the Chinese MI journals (CDM, CJHIM,
CJMLIS) and Chinese MI academic journals (CMIAAS,
CHINC, CHITEC, CPMI) because the majority of authors
had no background in clinical medicine. Of the top five

authors in IJMI, one had an MD, four had doctoral degrees,
and all were from universities. Among the top five authors in
CDM, one had a master’s and doctoral degree, three had
doctoral degrees, and two had master’s degrees. Further-
more, two were from medical institutions and three were
from institutes.

We also observed some differences because the top five
authors from IJMI, MIM, and JAMIA all received profes-
sional academic training inMI; however, the top five authors
in the Chinese MI academic journals mostly did not receive
this training; usually were from the computer, public health,
statistics, library science, or informatics fields; and only
became involved in MI after employment.
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Figure 2: Journal articles of the IJMI, JAMIA, MIM, CDM, CJHIM, and CJMLIS from 2008 to 2018.
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3.4. Keyword Selection and Analysis of Journal Papers.
)e purpose of the keyword selection and analysis is to
identify the focal points of research that have been con-
firmed as a major step in monitoring the development and
trend of a discipline [26]. Here, the keywords in the papers
published in the English-language journals (IJMI, MIM,
JAMIA) and Chinese-language journals (CDM, CJHIM,
CJMLIS) were analyzed and compared to determine the
underlying rules.

3.4.1. Selection of High-Frequency ?reshold of Keywords.
)e frequency distributions of the keywords were largely
different between the Chinese- and English-language MI
journals, which led to differences in the high-frequency word
selection methods. To simplify the selection and analytical
process and to decrease unnecessary interference from low-
frequency words, we selected high-frequency words. How-
ever, no unified method is available to determine the critical

levels of high-frequency words, and the available methods
include the subjective empirical method, 80/20 rule [27],
Price’s equation [28], g-index [29], and high/low-frequency
word isolation equation.

To select the appropriate frequency threshold, we first
observed the frequency distributions of keywords in the six
MI journals and found that the repeated rates of keywords
were low in papers from Chinese MI journals compared
with those in the international high-quality and main-
stream MI journals (IJMI, MIM, and JAMIA). Namely,
many keywords occurred once, and the rate of these words
was 20% higher than those in the English-language papers,
which limited the applicability of the high/low-frequency
word isolation method based on Zipf’s law. Specifically, the
threshold value was slightly larger, and too few high-fre-
quency words were intercepted. After multiple trials, we
adopted different high-frequency word threshold compu-
tation methods according to the characteristics of English-
language and Chinese-language papers and used
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Donohue’s method [30] based on Zipf’s law for the English
papers. )e formula is as follows:

T �

���������
1 + 8 × N1


− 1

2
, (1)

where N1 is the number of keywords with one word fre-
quency and T is the frequency threshold of high-frequency
words.

For the Chinese papers, according to the 80/20 rule [27],
high-frequency words accounting for an accumulated
proportion of 20% were extracted in a descending manner.
)e final high-frequency word frequency thresholds were
112 for the English-language journals and 26 for the Chi-
nese-language journals.

3.4.2. High-Frequency Keyword Clustering Analysis and
Research Focal Points. Analysis of keywords can indirectly
reveal the hotspots and changing trends in research topics,

which is critical for understanding the development of this
field [31]. Next, we mined the data in the keywords in the
published articles from the two groups of six MI journals.
First, 28204 keywords were identified from 14653 articles.
Second, these keywords were filtered by using the afore-
mentioned high-frequency word thresholds. Next, the
keywords with semantic similarity or closeness were
grouped by using the “replace by” column on VOSviewer.
We found 275 highly correlated high-frequency words: 153
words from the Chinese-language journals and 132 words
from the English-language journals. Finally, the keywords in
the two groups were clustered.

)e results showed the keywords from the English-
language MI journals were reorganized into four clusters,
which we named (1) “Internet and Telemedicine” (yellow),
(2) “Health and Clinical Information Systems” (blue), (3)
“Medical Data Statistical Analysis” (green), and (4) “EHRs
and Information Management” (red). Notably, our clus-
tering results were supported by Kim et al., who mined the
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(China) in 2008–2018.
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abstracts and texts from the articles published in 23 English-
language MI journals within 12 years [10]. Only three
clusters were found in the Chinese-languageMI journals and
were named (1) “Hospital Information Systems and EMR”
(red), (2) “Library Science and Bibliometrics Analysis”
(purple), and (3) “Medical Reform Policy and Health
Digitization” (orange).

)e results of the clustering are presented in Figures 6
and 7. Moreover, the ten keywords with the highest fre-
quency in each cluster are listed in Table 1. Due to length
limitations, a discussion of the concerns of the six journals is
in Supplementary Materials Content S3.

4. Discussion

We previously analyzed the MI conference proceedings in
China, the United States, Europe, and IMIA and found that
MI research in China was largely different and lagged behind
other developed regions in terms of academic evaluation,
multisource cooperation, talent pool and quality, focal
points, trends, and research investment [8]. In this study, we
further comprehensively analyzed the data fromMI journals
to confirm our previous findings from a broader perspective
and thereby propose key recommendations.

4.1. Analysis and Comparison of Academic Values between
Chinese and English MI Journals. MI as an emerging in-
terdisciplinary field has not been set within a specific cat-
egory in the WOS but has a similar category—Medical
Informatics—involving 25 journals. JAMIA (the 2017 im-
pact factor: 4.27), IJMI (the 2017 impact factor: 2.95), and
MIM (the 2017 impact factor: 1.53) rank as 3, 6, and 17,
respectively. In particular, JAMIA has been highly approved
by the Academic Committee of China Computer Society,
listed by the China Computer Society as a key recom-
mendation, is a well-known and highly reputed journal in
the cross-disciplinary/comprehensive/emerging field, and
encourages submissions from Chinese counterparts [32].

However, China has no authorized MI journal or any MI
journal included in SCI, EI, or Medline. We believe that this
may be related to the academic levels of these journals. Of
the three authorized MI professional journals, the H-indices
of CDM, CJHIM, and CJMLIS are 23, 22, and 25, respec-
tively, which are less than half that of IJMI and are 70% that
of MIM. However, they are slightly higher than that of MEI
and the MedInfo proceedings (H-index of both: 19) and
lower than that of the AMIA Annual Symposium (H-index:
32) [8]. Furthermore, the check and encouragement criteria
in Chinese academia are first based on the articles included
in SCI, Ei engineering village (Ei), or Medline and then on
the core journals included in the Peking University Core
Journals List, which are primarily graduate student disser-
tations [4]. However, none of CDM, CJHIM, or CJMLIS was
included in the Chinese Core Journals List [33]. )us, many
researchers can only submit to nonprofessional MI Chinese
core journals, which increases difficulty and limits dis-
semination. )is phenomenon of no core journals or high-
quality journals and no high-influence or high-cited journals

severely constrains the development of mainstream journals
and publications that support MI.

4.2. Analysis and Comparison of Regional Cooperation and
Author Characteristics between Chinese and English MI
Journals. IJMI, MIM, and JAMIA, as authorized academic
journals in MI, have attracted submissions from academic
researchers and industrial workers worldwide; however, the
Chinese MI journals (CDM, CJHIM, and CJMLIS) have
received submissions from only seven foreign countries.
However, in the IJMI, MIM, and JAMIA journals, the
proportion of Chinese authors (including mainland China,
Taiwan, Hong Kong) did not exceed 6%, which implies gaps
in MI development in China.

China has an insufficient talent pool for MI and has no
continued support from existing educational institutions for
the advancement of industrial development, which is stated
as “cold in academic research, (and) incorporate(s) hot in
industrial application” [4]. )e author affiliations in CDM
and CJHIM are mainly medical institutions, whereas the
majority of those in JAMIA, IJMI, MIM, and CJMLIS are
universities. A much larger proportion of authors have
doctoral degrees and a medical educational background in
IJMI, MIM, and JAMIA compared with the qualifications of
the authors in the seven Chinese MI academic journals.

Such a difference in author characteristics between the
Chinese journals and journals from other regions is because
of the distinguished developmental environment for MI in
China. In 2009 in China, HIT was considered one of the “
four beams and eight pillars” of the new healthcare reform
[34], and MI was treated as an independent discipline.
However, MI was equated as HIT to a large extent. In third-
class hospitals (the highest class), the IT workers mostly
undergo undergraduate courses or below; therefore, sub-
missions are mainly summarized in the context of hospitals
but ignore theories of MI, especially research on method-
ology and basic technology.

4.3. MI Journals from China andWestern Countries: Analysis
and Comparison in Keyword Clusters. In Figures 6 and 7,
seven keyword clusters were identified from the six Chinese-
language or English-language MI journals; of them, two
clusters (EN-Cluster 2 and CN-Cluster 1) are similar, which
again reflects “hot in industry application, and cold in ac-
ademic research” in the MI field of China. Next, we discuss
these seven clusters:

(1) EN-Cluster 1 (“Internet and Telemedicine”): this
cluster results from the introduction of the Internet
into the medicine field and is based on extensive
research on diabetes and family care through the
Internet, telemedicine, and other techniques and
through questionnaires. Surprisingly, telemedicine
in Europe and the United States has formed an
independent system, but in China telemedicine be-
longs to the cluster “Hospital Information Systems
and EMR” and is an important part of hospital in-
formation systems (HIS) and a supplement to out-
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hospital continuity of medical services to patients.
We posit that this situation may be related to the
“digital hospital” policies in China. On the one hand,
in the EMR Function Grade Specification issued by
the National Health Commission of China in 2015,
telemedicine was already included in EMR [35]; on
the other hand, our preliminary research implied
that the Chinese government has involved tele-
medicine as a major part of regional HIT con-
struction and has achieved great success [36].

(2) EN-Cluster 2 (“Clinical and HIS”) and CN-Cluster 1
(“HIS and EMR”): clinical informatics [37], espe-
cially the use of computers in hospital management,
clinical diagnosis, and treatment, is the focus of
global researchers and industrial workers in this
field, including medical order entry systems, elec-
tronic medical records, and other HIS. We think that
the reason may be that HIS have been extensively
applied in hospitals [38] and that HIT has been
gradually approved by the medical field [39].
Moreover, along with the deepening of medical
reforms in China in recent years, the National Health
Commission of China has expanded the

connotations of Chinese HIS and proposed the goal
of “digital hospitals” [40]. A notable requirement is
that hospitals are starting to expand to digitization
services, including patient engagement services (e.g.,
schedule appointments online; pay bills online; view,
download, and print their medical information; and
participate in satisfaction evaluations).

(3) EN-Cluster 3 (Medical Data Statistical Analysis): this
cluster is exclusive to the English-language MI
journals and involves abundant content related to
theoretical models, including the topics associated
with medical information methodology, artificial
intelligence, natural semantic processing, and data
mining software and systems.

(4) EN-Cluster 4 (EHRs and InformationManagement):
this cluster is also exclusive to the English-language
MI journals and describes an important aspect of MI.
We posit that this also means that EHRs have
gradually become a widely approved and accepted
concept. )e European and US researchers are fo-
cusing on technical issues of EHRs. Notably, EHRs
are not present in the high-frequency keyword list in
China; nevertheless, its in-hospital version—EMR

Figure 6: Cluster map of the keywords obtained by text mining 11 years (2008–2018) of articles on different topics from three English MI
journals (IJMI, JAMIA and MIM). Topics are colored as red (EHRs and Information Management), blue (Health and Clinical Information
Systems), yellow (Internet and Telemedicine), and green (Medical Data Statistical Analysis).
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[41]—is the core of “HIS and EMR” and is the
keyword with the highest frequency in CN-Cluster 1.
Effective use of the data of EMR/EHRs is necessary
for the development of evidence-based medicine
[42], but, compared with Europe and the United
States with their well-developed MI, the mining,
analysis, and use of data of EMR/EHRs in China
remain in the early stage. Nevertheless, medical
reforms in China, especially reforms of health in-
surance payment systems (e.g., China has released
medical insurance reimbursement policies based on
China Healthcare Security Diagnosis Related Groups
and has gradually transited from the conventional
“pay-for-service” to “pay-for-performance” system
[43]), have deepened, and AI techniques [44] and the
importance of medical data (China included medical
big data as a national strategic resource in 2016 [45])
have been largely improved. Given these advances,
we posit that the exploitation of medical data of
EMR/EHRs at the level of scientific development, the
improvement in medical quality, and the decrease in
medical errors and medical expenses will all soon
become the foci and hot spots of MI research in
China. With the rapid development and wide ap-
plication of wearable device technology [46, 47],

more real-time health data can be included in EHRs,
which further promotes this trend.

(5) CN-Cluster 2 (Library Science and Bibliometrics
Analysis): this cluster is exclusive to the Chinese-
language MI journals, and its research and appli-
cation are concentrated in medical information re-
search; medical information resources construction,
retrieval, and services; and other health information
management and evaluations. We posit that this
occurs because the development of MI in China
originated from library science in themid-1980s, and
this narrow sense of MI continues to account for a
large proportion in China.

(6) CN-Cluster 3 (Medical Reform Policy and Health
digitization): this cluster is exclusive to China and
involves the propaganda, interpretation, analysis,
and comments of HIT policies issued by healthcare
reforms and government functional departments.

4.4. Comparative Analysis of Medical Information Education
Systems. As an independent discipline, MI has been widely
accepted in Europe and the United States. To date, greater
than 80 US-based academic institutions offer on-site or
distance MI training programs [48]. Additionally,

Figure 7: Cluster map of the keywords obtained by text mining 11 years (2008–2018) of articles on different topics from three Chinese MI
journals (CDM, CJHIM, and CJMLIS). Topics are colored as red (Hospital Information Systems and EMR), orange (Medical Reform Policy
and Health Digitization), and purple (Library Science and Bibliometrics Analysis).

Journal of Healthcare Engineering 11



Ta
bl

e
1:
C
lu
st
er
so

ft
he

ke
yw

or
ds

ob
ta
in
ed

by
te
xt
m
in
in
g
11

ye
ar
s(
20
08
–2

00
8)

of
En

gl
ish

an
d
C
hi
ne
se

M
Ij
ou

rn
al
s(
IJ
M
I,
JA

M
IA

,M
IM

,C
D
M
,C

JH
IM

,a
nd

C
JM

LI
S)

w
ith

th
ei
rt
en

m
os
t

fr
eq
ue
nt

ke
yw

or
ds
.

EN
-c
lu
st
er

1
(2
6)

EN
-c
lu
st
er

2
(3
8)

EN
-c
lu
st
er

3
(3
2)

EN
-c
lu
st
er

4
(4
6)

C
N
-c
lu
st
er

1
(7
5)

C
N
-c
lu
st
er

2
(5
4)

C
N
-c
lu
st
er

3
(3
4)

In
te
rn
et

an
d

Te
le
m
ed
ic
in
e

H
ea
lth

an
d
C
lin

ic
al

In
fo
rm

at
io
n
Sy
st
em

s
M
ed
ic
al

D
at
a
St
at
ist
ic
al

A
na
ly
sis

EH
Rs

an
d
In
fo
rm

at
io
n

M
an
ag
em

en
t

H
os
pi
ta
lI
nf
or
m
at
io
n

Sy
st
em

s
an
d
EM

R
Li
br
ar
y
Sc
ie
nc
e
an
d

Bi
bl
io
m
et
ri
cs

A
na
ly
sis

M
ed
ic
al

Re
fo
rm

Po
lic
y
an
d

H
ea
lth

D
ig
iti
za
tio

n
K
ey
w
or
d

n
K
ey
w
or
d

n
K
ey
w
or
d

n
K
ey
w
or
d

n
K
ey
w
or
d

n
K
ey
w
or
d

n
K
ey
w
or
d

n

A
du

lt
90
0

D
ec
isi
on

su
pp

or
t

sy
st
em

55
8

In
fo
rm

at
io
n

st
or
ag
e
an
d

re
tr
ie
va
l

47
1

El
ec
tr
on

ic
he
al
th

re
co
rd

15
68

El
ec
tr
on

ic
m
ed
ic
al

re
co
rd

51
1

U
ni
ve
rs
ity

lib
ra
ry

23
3

In
fo
rm

at
iz
at
io
n

12
6

C
on

tr
ol
le
d

st
ud

y
56
8

U
se
r-
co
m
pu

te
r

in
te
rf
ac
e

47
5

C
om

pu
te
r
pr
og
ra
m

40
6

96
6

H
os
pi
ta
l

in
fo
rm

at
io
n
sy
st
em

39
4

In
fo
rm

at
io
n
se
rv
ic
e

21
6

In
fo
rm

at
io
n
pl
at
fo
rm

11
5

M
id
dl
e
ag
ed

56
4

H
os
pi
ta
l

in
fo
rm

at
io
n

sy
st
em

34
6

M
et
ho

do
lo
gy

40
0

U
ni
te
d
st
at
es

64
6

H
ea
lth

in
fo
rm

at
iz
at
io
n

30
9

Bi
bl
io
m
et
ri
cs

19
1

H
ea
lth

in
fo
rm

at
io
n

m
an
ag
em

en
t

11
4

M
aj
or

cl
in
ic
al

st
ud

y
53
6

Ph
ys
ic
ia
n

32
8

Pr
oc
ed
ur
e

34
8

M
ed
ic
al

in
fo
rm

at
io
n

sy
st
em

61
9

)
e
in
fo
rm

at
io
n

sy
st
em

19
3

H
os
pi
ta
ll
ib
ra
ry

15
3

)
e
ho

sp
ita

l
75

A
ge
d

47
7

H
os
pi
ta
l

30
7

So
ftw

ar
e

33
4

In
fo
rm

at
io
n

pr
oc
es
sin

g
55
5

D
ig
ita

lh
os
pi
ta
l

17
1

M
ed
ic
al

lib
ra
ry

13
3

)
e
in
fo
rm

at
io
n
ce
nt
er

74

In
te
rn
et

45
0

M
ed
ic
al

or
de
r

en
tr
y
sy
st
em

24
6

N
at
ur
al

la
ng

ua
ge

pr
oc
es
sin

g
32
8

H
ea
lth

ca
re

45
3

Te
le
m
ed
ic
in
e

16
9

13
2

In
fo
rm

at
io
n

co
ns
tr
uc
tio

n
68

Q
ue
st
io
nn

ai
re

31
9

C
lin

ic
al

pr
ac
tic
e

23
3

A
rt
ifi
ci
al

in
te
lli
ge
nc
e

29
0

M
ed
ic
al

in
fo
rm

at
io
n

45
1

H
ea
lth

ca
re

16
6

M
ed
ic
al

in
fo
rm

at
io
n

12
7

A
pp

lic
at
io
n

61

Te
le
m
ed
ic
in
e

23
9

Pa
tie
nt

sa
fe
ty

20
7

D
at
a
ba
se

27
4

M
ed
ic
al

re
co
rd

42
3

H
os
pi
ta
l

in
fo
rm

at
iz
at
io
n

15
8

)
e
da
ta
ba
se

95
Re

gi
on

al
he
al
th

61

U
til
iz
at
io
n

22
7

H
ea
lth

pe
rs
on

ne
l

at
tit
ud

e
20
6

D
at
a
m
in
in
g

25
0

Pa
tie
nt

ca
re

39
2

M
ed
ic
al

in
fo
rm

at
iz
at
io
n

13
2

In
fo
rm

at
io
n
lit
er
ac
y

90
Re

fo
rm

of
th
e
m
ed
ic
al

an
d
he
al
th

sy
st
em

58

O
ut
co
m
e

as
se
ss
m
en
t

20
5

Pr
ac
tic
e
gu
id
el
in
e

20
2

)
eo
re
tic
al

m
od

el
23
5

St
an
da
rd

36
1

In
fo
rm

at
io
n

te
ch
no

lo
gy

(I
T)

13
0

Sc
ie
nc
e
an
d

te
ch
no

lo
gy

no
ve
lty

se
ar
ch

86
C
hi
na

57

EN
:E

ng
lis
h
M
I
jo
ur
na
ls
(I
JM

I,
JA

M
IA

,a
nd

M
IM

);
C
N
:C

hi
ne
se

M
I
jo
ur
na
ls
(C

D
M
,C

JH
IM

,a
nd

C
JM

LI
S)
.

12 Journal of Healthcare Engineering



established universities in Western countries have all
established the major of medical information, mostly in
master and doctorate education, and focus on computer
technology and methods, association with clinical activities,
and practicality. By contrast, China established an MI-re-
lated major in 1983, which was gradually developed from the
library information major in medical universities. To date, in
China, education in this field mainly comprises under-
graduate programs and only has 27 master’s programs and
five doctoral programs [4], and these numbers are less than
half of those of the United States. )e education focuses on
information management theories and methods but rarely
focuses on the technical application of computers; thus, the
practical operation abilities of students are low. Conse-
quently, the MI academy of China cannot recruit a sufficient
number of qualified applied talents to the industry, and the
industry does not highly evaluate the quality of these talents.

4.5. Implications of ?is Study. )is study provides notable
contributions to theory and practice.

From the theoretical perspective, first, this study further
enriches and improves the knowledge of global MI literature
research; in particular, for the first time, this study adds the
analysis of Chinese MI journal literature. On this basis, our
comparison of bibliometrics between three representative
official English journals of the international MI societies and
three Chinese journals of the national MI societies over-
comes the limitation that some bibliometrics research in the
field of MI has mainly focused on English-language litera-
ture [10, 42, 48].

Second, we explore the differences in authors between
those in China and Western countries in their organiza-
tions and academic degrees. We find that on the one hand,
most of the authors of Chinese papers are from medical
institutions, and most of their counterparts in Western
countries are from universities. )e proportion of doctoral
or master’s degrees in the former is lower than that in the
latter. By contrast, China’s MI is mainly based on the
traditional medical literature system, and the trainees are
mainly undergraduates. )erefore, the education level and
faculty’s strength are far behind their counterparts in
Europe and the United States.)us, we suggest that China’s
MI field should establish and improve the education system
of medical informatics, strengthen the training of faculty by
sending teachers and researchers to study abroad, intro-
duce advanced educational concepts of medical infor-
matics, and employ teachers from different professional
backgrounds to participate in the teaching, to improve the
teaching environment and curriculum selection for stu-
dents. Furthermore, for the first time, we explore the
differences in the themes of the papers published in the
mainstream Chinese and English MI journals during the
past 11 years. On the one hand, China has fully used the
latecomer advantage and application advantage in hospi-
tals, especially the extensive implementation and appli-
cation of EMR [49]; on the other hand, China’s MI also has
no theoretical and basic research in medical data statistics
and consumer health information based on the Internet

and telemedicine, which requires further improvement and
development.

)ird, this study has extended our previous research
about the academic proceedings published by main acade-
mies of MI [4, 5, 8] and further compared the countries of
origin, institutions, and academic backgrounds of major
authors; the academic values; and themes of articles from the
MI conferences and journal articles. We have identified
some important similarities and differences. (1) As for the
distributions of countries of authors in the MI proceedings
(AMIA Annual conference, MIE, and MedInfo), the ma-
jority of authors are distributed similarly in terms of
countries of origin. )e regional MI journals, including
JAMIA (AMIA, USA), MIM (EFMI, Europe), and Chinese
MI journals were dominated by local authors, while the
international journals such as IJMI (IMIA, global) were
attended by authors from various regions. (2) From the
aspect of institutions and academic backgrounds, on the one
hand, like the majority of affiliations in international MI
proceedings, most of the authors in English-language
journals (IJMI, JAMIA, MIM) and some Chinese-language
journals (CJMLIS) are from universities; on the other hand,
the main academic backgrounds of authors in JAMIA and
MI proceedings are different from other journals, and they
majored in medicine. Moreover, in terms of academic in-
fluence, journal articles are far more influential than pro-
ceedings. On the one hand, from the aspect of integrity of
article search, the MI proceedings held by Chinese acade-
mies lack any stable or unified searching database and
cannot guarantee the continuity of database records. In
comparison, the papers published in Chinese MI journals
can be completely and timely searched from mainstream
Chinese databases. We think that this suggests that Chinese
MI journals, as important auxiliary disciplinary systems
supporting the establishment and development of MI dis-
cipline in China, yet have been valued by the academy of MI
in China and their academic values have been approved to
some extent. On the other hand, in terms of bibliometrics
indices of papers, the average cited times and H-index of
journal papers are both highly larger than those of pro-
ceedings. In terms of research contents, the themes of
proceedings and journal papers are different. On the one
hand, EMR is the only shared keyword in the top 10 frequent
keyword lists between the two, suggesting that clinical
medical informatics is the mainstream of MI research. On
the other hand, the themes of proceedings are more
abundant than journal articles and include some emerging
themes, such as customer health informatics and info-
demiology. From the practice perspective, this study pro-
poses a method to further promote the development of
disciplines in China, based on different disciplines’ posi-
tioning of MI in China and Western countries. On the one
hand, MI in Western countries originated from clinical
practice and hospital digitization or, namely, clinical in-
formatics; the researchers are widely distributed in the
university MI systems and hospitals and broadly coopera-
tive; and their research contents are closely linked with
medical hygiene practice. )e core content of the discipline
of “the computer technology applied into the medical field”
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[50] gradually expanded to a series of subdisciplines, in-
cluding public health informatics, clinical informatics, and
nursing informatics. )e current focus is how to process and
mine the mass data generated and precipitated during
medical practice and to finally advocate hygiene system
infrastructure construction and clinical technology im-
provement, and the focus is the discovery of medical di-
agnosis and treatment rules and the provision of medical
treatment decision-making, which suggests that theWestern
countries have treated MI as an applied basic discipline. On
the other hand, because the MI in China originated from
library science and the researchers mainly originated from
medical schools, libraries, and medical informatics insti-
tutes, the cooperation among researchers was limited to
institutes and rarely involved hospitals. Furthermore, the
majority of the research was fueled by global trends and had
no self-innovation; it did not shake off the current situation
that theoretical research and clinical practice were isolated,
and therefore this discipline did not develop significantly.

5. Limitations

Because discipline evaluation is a complicated task, we
assess papers published in journals. Moreover, we use data
from representative professional journals on MI in both
China and Western countries but exclude all MI journals,
use a limited number of searching tools to find other
professional publications, and exclude achievements of
patents or other forms. Furthermore, many achievements
in MI may have been published in non-MI journals, but we
have no perfect method or mechanism to include these
papers; however, we intend to analyze these papers in
subsequent studies.

6. Conclusions

We used bibliometrics to analyze Chinese- and English-
language MI papers published in six representative MI
journals between 2008 and 2018 in China, the United States,
and Europe. )e results of this study provide important
insights for the development of MI in China and Western
countries. First, compared with the Western counterparts,
the number of papers published in the journals of profes-
sional associations in the field of MI in China is large and the
application value is high, but the academic influence and
academic value are relatively low; second, most of the au-
thors of the Chinese papers are from hospitals, and most of
the counterparts in the Western countries are from uni-
versities. )e proportion of master’s or doctoral degrees in
the former is also lower than that of the latter; further,
regarding paper themes, on the one hand, China MI has no
theoretical and basic research on medical data statistics and
consumer health based on the Internet and telemedicine; on
the other hand, after nearly 10 years of hospital digital
development, China has fully used the latecomer and ap-
plication advances in hospitals and, through extensive in-
ternational cooperation, has made significant advancements
in and contributions to the development of medical
information.
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Association
CQVIP: Science and Technology Journal Database
CNKI: Chinese National Knowledge Infrastructure.
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