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Abstract

This article is mainly to sort out and review the field of online health care, ex-
plore the current research status of the field of online health care, reveal the
research hotspots and research frontiers in this field, and provide references
for other related research in the field of online health care, mainly through the
following way: use citespace to visually analyze the data obtained from Web of
Science. The following conclusions are drawn: The United States has strong
scientific research capabilities in the field of online health care; according to
citation clustering, it can be grouped into 8 research categories, and there are
8 key node documents; research hotspots can be divided into three stages, and
the research front will center on knowledge, expand with quality. Starting from
the Internet, online health communities, health information management, and
online health education are currently research hot topics. Quality assessment
and knowledge management around the above topics will be the future de-
velopment direction of the online health carse field.
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1. Introduction

Online medical treatment, also known as online health, electronic medical
treatment and telemedicine, refers to a kind of medical treatment mode that
medical staff provides remote medical and health care services for patients
through computer and Internet, telephone and video technology, and also refers
to the electronic system supporting medical and health care services (Sims, 2018;
Eland-de et al., 2011; Keogh et al., 2010). Online medical services are widely used
in both developed and developing countries (Yu et al., 2016; Blaya et al., 2010).

Health consumers increasingly rely on the Internet as an important source of
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health information. Jiang et al. pointed out that more than 70% of users pre-
ferred the medical solutions provided by online medical services (Jiang et al.,
2020; Lee et al., 2014). The development of online medical services has brought
about the enhancement of health information acquisition, sharing and discus-
sion between patients and doctors and patients (Archer et al., 2011); health lite-
racy, knowledge level and self-management ability of patients were improved
(Shang et al., 2019). Online medical also reduces medical costs, improves the
quality and efficiency of medical services, eases the tension between medical
supply and demand, and solves the aging population (Jiang et al., 2020; Ross et
al., 2016); efficient and high-quality collection of patient data, logistics manage-
ment of auxiliary medical institutions (Blaya et al., 2010) and many other bene-
fits. According to the survey results of the medical market innovation center
(Lewis et al., 2012), in many low-income and middle-income countries, 42% use
e-health to expand the geographical coverage of health care, 38% use it to im-
prove data management, 31% use it to promote communication between pa-
tients and doctors outside the doctor’s office, and other functions include im-
proving diagnosis and treatment (17%), reducing fraud and abuse (8%), etc.
Scholars not only study the role of online health, but also care about the imple-
mentation of e-health. Wilson and Maeder, 2015 Studied the new ideas and new
development breadth in the field of telemedicine, and believed that the two main
driving factors for the development of contemporary telemedicine are the large
demand for specific clinical services and the high demand for clinical expertise
to provide services. However, Mair et al. (Mair et al., 2012) reviewed the litera-
ture on the implementation of e-health, and considered that the research on un-
derstanding e-health system, clarifying its purpose and benefits, determining its
value to users, planning its implementation, promoting or restraining the factors
involved in e-health, and risk management of e-health was relatively insufficient.
Similarly, Kiberu et al. (Kiberu et al., 2017) reviewed the implementation of
e-health and mobile health care in Uganda, and pointed out that e-health and
mobile health care in Uganda are lack of sustainability and prior planning. There
are obstacles and driving forces in the implementation of e-health. In the devel-
opment of e-health, some scholars are concerned about people’s behavior of us-
ing e-health. For example, Ong et al. (Ong et al., 2018) studied the behavior of
community pharmacists using the Internet to obtain health information, and
found that the top three health information they searched most often were drug
information, general health information and disease-related information. Scho-
lars’ research on e-health has also extended to the field of medical education.
Kim and others (Kim et al., 2019) have developed a network-based continuing
health education course for community nurses, and proved that their online
continuing health education plan and course can improve nurses’ ability. It can
be seen that the research on online medical health has become a research topic
of widespread concern, and the research field has gradually expanded. There-
fore, it is necessary to sort out the current development of online health care.

This paper uses visualization tools to reveal the development rules and research
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hotspots in the field of online health care from the aspects of national institu-
tional cooperation, citation co-citation, keyword co-occurrence and keyword

outburst.

2. Data Sources and Research Methods

2.1. Data Sources

Using “online health” and “online medical” as the key words, the search was car-
ried out in the web of science core collection database. The search found that the
research achievements in the field of online health care increased gradually since
2009, so the search time was determined from January 2009 to January 2020.
The last search date was January 25, 2021and 8127 related articles were retrieved.

2.2. Research Methods

In this paper, Citespace software is used to analyze and reveal the research status
and hotspots in the field of online health care. Citespace is a scientific literature
analysis tool jointly developed by Dr. Chen Chaomei of School of information
science and technology of Redsell University and wise Laboratory of Dalian
University of technology. It can conduct quantitative analysis of literature in spe-
cific fields, and explore the key path and knowledge turning point of discipline
development. The literature data obtained in this paper includes the title, author,
title, abstract, keywords and citation of each literature. Citespace software is used
to cluster and analyze the above data, and to draw the co-occurrence map of na-
tional institutions, co-occurrence map of citations, co-word map of keywords
and outbreak map of keywords in the field of online health care. The coopera-
tive co-occurrence map of national institutions can explore the social rela-
tionship between national institutions in the field of online health care, and
evaluate the academic influence of the state and academic institutions; The cita-
tion co-occurrence map can analyze the key nodes in the field of online health
care, the evolution of topics and the historical span of literature; Keyword
co-word map combined with keyword explosion map is more conducive to the
research of hotspots in online health care field and the evolution of hotspots. In
this paper, top 10 is selected as the data filtering strategy, that is, the top 10 high
frequency nodes in each time zone are selected; MST is used to simplify the atlas
and highlight the important structural features of the network. Through the
process of creating matrix, dimension reduction and clustering in the back-
ground of CiteSpace software, this paper explores the research hotspots and their

evolution in the field of online health care.

3. Visual Atlas Analysis

Firstly, this paper shows the development trend of online health care as a whole
by studying the number of literature published in the field of online health care;
Secondly, explore the cooperation of national institutions in the field of online

health care, and reveal the distribution of academic authority in this field; Then,
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by drawing the time zone map of citation co-occurrence in this field, the re-
search categories and key research points in the field of online health care are
divided from the content, and the historical evolution process of its research
topic is explored; Finally, we draw the keyword co-occurrence map and keyword
outburst map to show the changes of research hotspots in the field of online
health care from the perspective of keywords, and predict the future research di-
rection in this field.

3.1. Quantitative Analysis of Literature Publication

In the WOS database, the number of articles published in the field of online
health care has been on the rise from 2009 to 2020 (Figure 1). From 2009 to
2017, the number of published papers increased steadily, and the number of an-
nual papers was less than 100. The research topics in this period mainly include
online health community, online medical education, epidemiology, etc. From
2017 to 2020, the number of papers published has increased sharply, with an
annual increase of more than 200 papers. Since the collected data does not cover
the literature in 2021, the peak growth of literature in the field of online health
care is 1264 in 2020. With the popularity of the Internet, people pay more and
more attention to health, and the research achievements in the field of online

health care will continue to grow in the future.

3.2. Analysis of National Cooperation

1) In the field of online health care, the number of articles published in the
United States is the first (Figure 2), and the size of the country node
represents the number of articles published. There are 2850 articles published
in the United States. It was followed by Britain, Australia and Canada, with
728,602 and 527 papers in turn. Chinese mainland’s distribution volume is
slightly different from that of the first four countries, ranking fifth in the
number of 363 articles.

2) From the perspective of cooperation, the cooperation between European
countries and Commonwealth countries is relatively close, the international co-

operation among American scholars is relatively less, and China has cooperation

1400
1200 /’ 1264
1000
901
800
600 7 591
L 411 479
400 v408
= 308
200
O-Iggv 183

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 1. The number of papers published in wos in the field of online health care from
2009 to 2020.
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Cite Space, v.5.5. R2 (64-bit)

January 28, 2021 1:15:57 PM CST
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Timespan: 2009-2020 (Slice Length = 1)

Selection Criteria: Top 10 per slice, LRF = 3.0, LBY =5,¢=1.0
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Figure 2. National cooperation in the field of online health care.

with European countries and Singapore. Canada, the United Kingdom and the
Netherlands ranked the top three in terms of intermediary centrality of inter
country cooperation, while the United States ranked fifth with 0.06 in terms of
intermediary centrality. Moreover, the centrality of Canada and the United
Kingdom is greater than 0.1, and the nodes of the two countries are the focus of
the cooperation network. This shows that Canada and the United Kingdom play
a bridge role in the research cooperation among countries, and cooperate closely
with other countries, while the United States has relatively little foreign coopera-
tion.

3) The research on online health care in Asian countries is later than that in
European and American countries. Europe and America have been studying
since 2009, and Chinese mainland scholars from 2012 and Singapore began to
study in 2015 from the beginning of 2015 and India.

3.3. Analysis on the Cooperation of Academic Institutions

American academic institutions have the strongest research capabilities in the
field of online health care (Figure 3). The top five academic institutions in this
field are Harvard Med Sch, Univ Calif San Francisco, Univ Washington, Univ
Sydney and Univ Toronto. The top three are in the United States. Univ Calif San
Francisco, Univ Washington, Univ Toronto, Harvard Univ and Univ Michigan
have a purple outer ring outside the nodes of the five research institutions,
which are the focus of this field. Harvard Univ’s intermediary centrality reached
a maximum of 0.37, and its publication time was mainly concentrated between
2009 and 2015, indicating that the institution played a foundational role in the
early development of this field.

3.4. Citation Co-Occurrence Cluster Analysis

The co-occurrence of citations in the online health and medical field can form 8
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Figure 3. Cooperation diagram of institutions in the online health and medical field.

categories according to research topics. The module value Q value of this cluster
is 0.8314. When the Q value is greater than 0.3, it can be considered that the di-
vided categories are clear and significant. Table 1 shows the group names, key-
words and main research contents of these 8 categories. Research based on In-
ternet use has the earliest start time, and there are many connections with other
categories. Research on this topic laid the foundation for other types of research;
and the literature on online health communities and health information man-
agement as the research topic is mostly in the period of 2019-2020 Published.
This is related to the development of the Internet, and also to the increase in
health awareness of more users (Zhao, 2018), revealing to a certain extent the

research development trend in the field of online health care.

3.5. Analysis of Key Nodes of Citation Co-Occurrence

In the document co-citation network, nodes that connect different clusters and
have high centrality and citation frequency are the key nodes in the network
(Chen, 2004). Figure 4 not only shows that the online health care field can be
divided into eight clustering topics by topic, but also shows that there are eight
highly cited key nodes in the online health care field, of which three are from
online health community topics, two are from medical students topics, and the
other three are from Internet application, participatory supervision and health
information management topics. Among them, four key nodes (from Internet
application, online health community and participatory monitoring topic) have
high degree of care, and have connections with each other, which indicates that
the evolution of the above three topics is closely related.

These eight key nodes reveal the trend that the research topics around the In-
ternet, media and medical education in the field have gradually shifted to re-
search sites such as patients and doctors in the online health care community.

The specific information is shown in Table 2.
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Table 1. Citation clustering table in the field of online health care.

NO. Taxa

Keywords

Main research content

1 Internet use

) Online health
communities
3 Participatory
surveillance

4 Medical student

5 Searching online

Online patient
resource

Health information
management

8 Patient portal

Internet use, preferences,
trends, healthy communication

Doctor-patient communication,
knowledge cooperation,
caring reputation

Personal health record use,
clinical public record,
medical record data

Educational strategies,
continuing medical education
and collaborative learning

Information quality,

information, release

Readability analysis,
health literacy

Online intervention,
social, media

Patient portal, access results,
care differences

Internet users’ online health
information search behavior.

Doctor-patient relationship
in online health community.

Demographic characteristics of
online health care.

Teaching design and teaching effect
of online medical education.

Content posted by users on the
Internet.

Readability of online health
information and patient health
literacy.

The influence of social media
on health information exchange
and health management.

Usage of the online patient portal
and its impact on health care.

Table 2. Citation joint node information.

Cited

NO. Literature Centrality
frequency
White, R. W., Tatonetti, N. P., Shah, N. H., Altman,
) R. B., & Horvitz, E. (2013). Web-scale pharmacovigilance: 3 0.2

listening to signals from the crowd. Journal of the American
Medical Informatics Association, 20 (3), 404-408.

Tan, S. S.-L., & Goonawardene, N. (2017). Internet Health
2 Information Seeking and the Patient-Physician Relationship: A 42 0.24
Systematic Review. Journal of Medical Internet Research, 19 (1), €9.

Silver, M. P. (2015). Patient perspectives on online health

information and communication with doctors: a qualitative

study of patients 50 years old and over. Journal of
Medical Internet Research, 17(1), el9.

25 0.17

Yang, H., Guo, X., & Wu, T. (2015). Exploring the influence of
4 the online physician service delivery process on patient 25 0.00
satisfaction. Decision Support Systems, 78, 113-121.

Atkinson, N. L., Saperstein, S. L., & Pleis, J. (2009). Using the
5  internet for health-related activities: findings from a national 23 0.31

probability sample. Journal of Medical Internet Research, 11 (1), e4.

Wong, G., Greenhalgh, T., & Pawson, R. (2010). Internet-based
6  medical education: a realist review of what works, for whom and 27 0.06
in what circumstances. BMC Medical Education, 10, 12.

Cook, D. A,, Erwin, P. J., & Triola, M. M. (2010). Computerized

virtual patients in health professions education: a systematic

24 0.06

review and meta-analysis. Academic Medicine: Journal of the
Association of American Medical Colleges, 85(10), 1589-1602.
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Continued

Merolli, M., Gray, K., & Martin-Sanchez, F. (2013). Health
outcomes and related effects of using social media in chronic
disease management: a literature review and analysis of affordances.
Journal of Biomedical Informatics, 46 (6), 957-969.

38 0.02

2004 2007 2010 2013 2016 2019 2020

Figure 4. Timeline of co-occurrence analysis of cited documents in the online medical
field.

The author of Literature 1 (White et al., 2013) took the adverse drug event
that pravastatin and paroxetine can cause hyperglycemia as an example, col-
lected Internet user online search log data before the U.S. Food and Drug Ad-
ministration officially released the adverse drug event, and studied the user’s at-
tention trend has been concluded that the search activity log of the computer
user group can predict the potential side effects of the drug and is helpful for the
safety monitoring of the drug. In Literature 5, Atkinson et al. (Atkinson et al.,
2009) conducted a multivariate analysis of the 2005 National Trends Survey of
Health Information released by the National Cancer Institute, describing the
demographic characteristics of online health tools. By describing and revealing
the information generated by online health and medical users, these two re-
search results help to observe the current status of online health community us-
ers and play a predictive role.

The author of Literature 4 Yang et al. (Yang et al., 2015) studied the relation-
ship between the online doctor service provision process in the online health
community and patient satisfaction, and revealed the factors that affect patient
satisfaction. In literature 2 and literature 3, Tan (Tan & Goonawardene, 2017)
and Silver (Silver, 2015) both used doctor-patient communication as the theme
to discuss the obstacles and facilitating factors of patients and doctors in com-
municating the online health information they found. Both suggested that doc-
tors should enhance their communication skills with patients and transform the
traditional doctor-patient model to adapt to the new health model of patients
having Internet health information sources. In Literature 8, Merolli et al. (Me-
rolli et al., 2013) conducted a literature review on the results and related effects

of social media management of chronic diseases, explored the advantages of so-
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cial media management of chronic diseases in improving physical conditions,
and suggested that tailored social media intervention programs should be de-
veloped. And further strengthen methodological research on social media man-
agement of chronic diseases.

Documents 6 and 7 both focus on online health and medical education. The
author of Literature 6 (Wong et al., 2010) provides evidence-based guidance for
learners and course developers to develop online medical courses. It is recom-
mended that when designing and selecting online courses, the technical
attributes and learner needs should be considered and meaningful interaction
should be provided. In Literature 7, Cook et al. (Cook et al., 2010) summarized
the teaching effect of using virtual patients without intervention in online medi-
cal education, using a random effect model to merge the collected teaching de-
sign and results of virtual patients in online medical education. And put forward
the design features of effective virtual patients.

The above key documents have put forward many suggestions on the prob-
lems in the field of online health care, aiming to explore better development
methods for this field.

3.6. Analysis of Research Hotspots

Keywords are high-level generalizations and summaries of the research content
of the literature. This article uses the minimum generation tree pruning method
to analyze the keywords and obtains three keywords with high frequency: inter-
net, care and health. In addition to the above three high-frequency keywords,
there are also keywords such as impact, attitude, mental health, risk, anxiety,
depression, medical student and prevalence with a centrality greater than 0.1. It
can be seen that the Internet, health and medical care are the core of the entire
field, and influence, attitude, medical education and mental health are the main-
stream development directions in this field.

Table 3 shows the keywords with higher frequency and higher centrality,

summarized in order of time.

Table 3. Hot keywords in the online health and medical field.

Year Frequency Centrality Keyword Year  Frequency Centrality Keyword

2009 697 0.24 Internet 2010 175 0.26 Prevalence
2009 660 0.54 Care 2010 108 0.17 Risk
2009 649 0.50 Health 2011 221 0.66 Attitude
2009 395 0.50 Impact 2016 131 0.01 Knowledge
2009 291 0.03 Education 2019 129 0.39 Mental health
2009 271 0.00 Information 2019 43 0.38 Medical student
2009 237 0.66 Health care 2020 173 0.00 Covid-19
2009 196 0.09 Physician 2020 88 0.13 Anxiety
2009 199 0.09 Quality 2020 87 0.26 Depression
2009 104 0.03 Medical
education
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According to the chronological order of the keywords in Table 3, the research
content in the field of online health care can be divided into three stages:
2009-2010, 2010-2019, and 2019-2020, and each stage covers its main research

direction.

3.6.1. The First Stage

2009-2010 is the first stage of development in the field of online health care. A
large number of keywords with high frequency and high centrality appear in this
stage, which is the foundation stage. The main research at this stage can be di-
vided into two directions: online health communities and online medical educa-
tion.

1) The main research object of the online health community is its users and its
functions.

From the user’s point of view, research is mainly carried out on patients and
doctors. In terms of patients, the main research focuses on patient health beha-
viors in online health communities, patient psychology, and patient attitudes
towards online health communities. Most studies concluded that the purpose of
patients using online health communities is to seek information support and so-
cial support, and the interactive behaviors in online health communities can in-
crease the frequency of patients’ use. The research on the group of doctors
mainly starts from the satisfaction of patients, and studies online doctors and
patients, doctors’ service quality and their evaluation standards, and doctors’ on-
line behaviors.

From the perspective of the main functions of the online health community, it
is mainly based on the usage of the patient portal to study the demographic dif-
ferences of patient portal users and construct the evaluation system of the pa-
tient portal. Most research results point out that the patient portal has widened
the information gap between people with low health literacy, patients with
chronic diseases, and vulnerable groups, and cannot improve the health out-
comes of patients.

2) Online medical education is another research hotspot at this stage. Mainly
research the teaching effect of online medical education, the way of teaching or-
ganization and the quality evaluation standard of online medical education. Stu-
dies have shown that online medical education has a significant effect, but its
teaching organization methods and quality evaluation standards still need to be

improved.

3.6.2. The Second Stage
2010-2019 is the second stage of development in the field of online health care.
The research directions in this stage are relatively scattered, and no high-frequency

keywords and research focus have been formed.

3.6.3. The Third Stage
The third development stage (2019-2020) of the online health care community is

the highly prominent stage of keywords. Research in this stage focuses on inves-
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tigating the mental health of medical students and medical staff during the new
crown period. Most research conclusions reflect medical students and medical
staff. There are varying degrees of mental health problems during the covid-19
period.

3.7. Research Frontier Analysis

This article uses the built-in “Find Burst Phrases” algorithm of citespace to find
the frontiers of online health care. The basic principle of this function is to use
the Boolean logic function Is Hot Topic (term, t) in the knowledge base of a cer-
tain research field (mainly refer to the references of the papers in the down-
loaded paper data), from the knowledge base to find out hot terms in different
time periods in the title, abstract, subject words and keywords of the paper. This
kind of term that increases in frequency rapidly within a period of time is the
research frontier term (Zhao, 2012).

Through the emergence processing of keywords, emergent words in different
time periods are obtained. It can be seen from Figure 5 that the emergence of
emergence words began in 2009, and the longest emergence time can be as long
as five years. The three emergent words from 2016 to 2020 are the closest to the
research frontier of the current field, lasting for 1 - 2 years. They are knowledge,
health care and quality. Health care means health care is the main function and
purpose of online health care. Knowledge and quality are the frontiers of re-
search in the field of online health care.

1) Scholars mainly study the influencing factors of knowledge sharing and
knowledge creation in online health communities and online knowledge man-
agement. For example, Yang et al. and Zhang et al. believe that personal inter-
ests, altruism, empathy, reputation and knowledge self-efficacy will promote
knowledge sharing in online health communities, and the cost of knowledge
sharing will hinder sharing behavior (Zhang et al., 2017; Yan et al., 2016). Zhao
et al. studied the impact of three dimensions of social capital on knowledge

Top 13 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2009 - 2020
outcm 2009 7.9339 2009 2011 smmmm

risk 2009 17.2718 2010 2012 —mmmmmm

online 2009 10.7996 2010 2011 —mmmm

communication 2009 7.3644 2010 2011 —mmmm
information 2009 6.4775 2012 2015 =

physician 2009 32.7171 2012 2017 o o
management 2009 26.1124 2012 2014 ——

education 2009 12.9877 2013 2016 -
attitude 2009 16.8145 2015 2017 ———
medical education 2009 29.1053 2016 2017 -
knowledge 2009 20.4655 2016 2017 -
health care 2009 18.1135 2017 2018 ——
quality 2009 20.9585 2018 2020 ———

Figure 5. Keyword emergence diagram in the online medical field.
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creation in online health communities (Zhao et al., 2016). Stewart et al. believe
that the knowledge map can effectively manage the knowledge in the online
health community, can help determine the hot topics of users in the community,
divide the areas of different shared content and customize the knowledge con-
tent for each community member (Stewart & Abidi, 2017).

2) Research related to the emergent word “quality” mainly focuses on the
evaluation of the quality of online health information, the impact of quality
evaluation on patient behavior, and the evaluation of the quality of online medi-
cal education. Sun and others systematically reviewed 25 criteria and 165 indi-
cators for evaluating online health information (Sun et al., 2019). Daraz et al. be-
lieve that the overall quality of online health information is poor (Daraz et al.,
2019), and believe that differences between institutions and health professionals
affect the evaluation of online health information. Battineni et al. believe that li-
mited Internet literacy will lead to errors in the evaluation of online health in-
formation (Battineni et al., 2020). The quality rating will in turn affect patient
behavior. Yaraghai et al. pointed out that patients tend to refer to government
evaluations when choosing online medical institutions (Yaraghi et al., 2018). The
information and service quality provided by online medical websites are posi-
tively correlated with patient satisfaction and perceived benefits (Shim & Jo,
2020). Regarding the quality of online medicine and education, Hendricks et al.
evaluated the quality of the medical MOOC education model and believed that

this model is conducive to educational innovation (Hendriks et al., 2020).

4. Conclusion

Through citespace’s national agency cooperation, citation co-occurrence, key-
word co-words and emergence analysis on the online health and medical field,
the following conclusions were obtained:

1) The United States has the strongest scientific research capabilities in the
online health and medical field, with the most publications, and ranking top 3
academic institutions are located in the United States. The cooperation between
the Commonwealth countries is closer, and the research between the United
Kingdom and Canada is a bridge for cooperation between the countries. Euro-
pean and American countries have started research in the field of online health
care earlier than Asian countries.

2) Citations in the online health and medical field can be divided into 8 cate-
gories and there are 8 key nodes. At present, scholars focus on the two categories
of online health community and health information management. The key node
literature reflects that scholars describe the status quo of various subjects in the
online health and medical field, make suggestions for existing problems, and ex-
plore the development methods of this field.

3) Research hotspots in the field of online health care can be divided into
three stages. 2009-2010 is the first stage, and the main research hotspots are on-
line health communities and online medical education. 2010-2019 is the second

stage. In this stage, research topics are scattered and no high-frequency key-
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words are formed. 2019-2020 is the third phase of this field. The main research
content is the mental state of medical staff and medical students in the new
crown period, which reflects the distinctive characteristics of the times. Since
then, the knowledge sharing, management and creation of online health com-
munities, the evaluation of the quality of online health information and online
medical education will be the research frontiers in the field of online health care.
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