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Abstract

Background: Owing to their formidable language processing capabilities and ex-
tensive application potential, large language models, exemplified by ChatGPT,
have spearheaded a new trend in natural language processing within the med-
ical domain. Objective: This study employs bibliometric analysis to uncover
research hotspots, thematic distributions, and future developmental trajecto-
ries of medical large language models since 2017. Methods: Relevant literature
on medical large language models published between January 2017 and June
2024 was systematically collected and screened from Web of Science, CNKI,
Wanfang Data Knowledge Service Platform, and VIP databases. CiteSpace
software was utilized to extract thematic keywords and other information from
the literature, enabling analysis and comparison of the evolution, hotspots, and
trends in domestic versus international research. Results: A total of 1,071 rel-
evant articles were included. The findings indicate that international research
concentrates on the application of artificial intelligence, large language models,
deep learning, knowledge graphs, and related technologies in medicine, whereas
domestic research remains relatively scarce, with emphasis on constructing Chi-
nese medical question-answering systems and addressing unstructured medical
data processing. Conclusion: It is imperative to deepen medical data mining,
expand multi-scenario applications, and draw upon international experience in
fine-tuning and application evaluation of large language models to foster the
advancement of medical large language model technology and its clinical imple-
mentation in China.
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Abstract

Background: With advanced language processing capabilities and broad appli-
cation potential, large language models (LLMs) such as ChatGPT are driving a
new wave of natural language processing in the medical field. Objective: This
study aims to identify research hotspots, topic distribution, and future devel-
opment trends of medical LLMs through bibliometric analysis. Methods: A
systematic search was conducted across Web of Science, CNKI, Wanfang Data,
and VIP databases for literature on medical LLMs published between January
2017 and June 2024. CiteSpace software was used to extract thematic keywords
and other information from the literature to analyze and compare the evolu-
tion, hotspots, and trends of domestic and international research. Results: A
total of 1,071 relevant papers were included. The results revealed that interna-
tional research primarily focuses on applying artificial intelligence, LLMs, deep
learning, and knowledge graphs in medicine, while domestic research is rela-
tively limited, concentrating on developing Chinese medical question-answering
systems and addressing unstructured medical data problems. Conclusion: It
is recommended to deepen medical data mining, expand multi-scenario appli-
cations, and leverage international experiences in fine-tuning and application
evaluation of LLMs to promote the development of medical LLM technology
and its application in the medical field in China.

Keywords: Delivery of health care; Healthcare; Large language models; Bib-
liometric analysis; CiteSpace; Artificial intelligence

Healthcare is a knowledge- and data-intensive industry. The rich medical data
resources provide extensive possibilities for the application of large language
models in medicine. Medical large language models (LLMs) refer to generative
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language models trained on large-scale medical data using deep learning and nat-
ural language processing technologies, capable of understanding and processing
massive multimodal medical data including text and images [1]. Through natu-
ral language processing and deep learning, LLMs can not only understand and
generate natural language but also support medical decision-making, optimize
patient care, and drive innovative applications in healthcare.

Natural language processing has a long history of application in the medical field.
Traditional medical language models, including statistical language models such
as n-gram and neural language models such as word2vec, were widely used in
the analysis of medical texts and other data. With Google’ s introduction of the
bidirectional Transformer-based pre-trained language model in 2018, research
on medical language models began to shift toward the exploration and applica-
tion of pre-trained language models [2]. In 2022, OpenAlI launched ChatGPT,
which, due to its outstanding natural language generation capabilities, sparked
widespread global attention toward large language models. Research on LLMs
has experienced rapid growth since the introduction of ChatGPT, and domestic
and international research on medical language models has consequently shifted
from pre-trained language models to LLMs.

Understanding the hotspots and trends of LLMs and related research is crucial
for the future development of LLMs in China and for promoting the applica-
tion of large language models in the medical field. Therefore, this study aims
to systematically review the current state of domestic and international LLM
research from 2017 to the present and analyze its research hotspots to provide di-
rectional insights for future technological development and clinical applications
in this field.

1.1 Data Sources and Search Methods

We searched Web of Science, CNKI, Wanfang Data Knowledge Service Platform,
and VIP databases from inception to June 28, 2024. Detailed English and Chi-
nese search terms are provided in Table 1 . NoteExpress 4.0 software was used
for literature management, and CiteSpace software was employed for analysis.

1.2 Research Methods

This study adopted bibliometric research methods to analyze the evolution of
research hotspots and frontier trends of domestic and international LLMs. In-
clusion criteria were: (1) relevant to LLM themes; (2) research articles or review
papers; and (3) literature in Chinese or English. Exclusion criteria were: (1)
completely unrelated to LLM themes or content; (2) duplicate publications; and
(3) literature with unknown author or institutional information. Two researchers
independently screened literature according to the inclusion and exclusion cri-
teria; disagreements were resolved by a third researcher or through collective
discussion. The initial search yielded 1,340 articles, and after screening titles,
abstracts, and full texts, 1,071 articles were finally included.
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1.3 Statistical Analysis

This study used CiteSpace 6.3.R1 software to set parameters and process liter-
ature data. The time slice parameter was set to 2017-2024 with a time span
of 1 year, and the parameter k was set to 25 for publication volume analysis,
keyword co-occurrence analysis, keyword clustering analysis, and keyword fron-
tier analysis. Visualization analysis was performed and keyword burst tables
were constructed to explore research frontiers and development trends, indicat-
ing the development direction of domestic LLM research. Microsoft Office Excel
2019 was used for statistical analysis of publication years, volumes, and keyword
frequencies.

2.1 Annual Publication Volume Analysis

Figure 2 [Figure 2: see original paper] shows the number of publications in the
LLM field domestically and internationally. As of June 2024, the total num-
ber of publications was 1,071, including 960 English articles and 111 Chinese
articles. Since the introduction of ChatGPT, global research interest in large
language models in the medical field has surged, showing explosive growth. Be-
fore November 2022, although some studies involved large-scale pre-trained lan-
guage models, these models had significantly smaller parameter scales compared
to current mainstream LLMs. Therefore, the period from 2023 to the present
represents the rapid development stage of LLM research. As shown in Figure 2,
the number of domestic and international LLM publications has shown a rapid
growth trend since 2022. English literature in this field began in June 2023,
while Chinese literature began in November 2023, both reaching their peak in
2024, with total publications of 27 and 616, respectively. Scholarly research on
LLMs has gradually gained momentum.

2.2.1 Keyword Co-occurrence Analysis

Keywords are core vocabulary used to express the main content of literature,
and co-occurrence analysis of keywords is an important basis for identifying
disciplinary research hotspots and development trends. CiteSpace was used for
keyword co-occurrence network analysis (see Figures 3a [Figure 3: see original
paper] and 3b). The top ten high-frequency keywords in domestic and interna-
tional LLM research are shown in Table 2 . In literature retrieved from the WOS
database, main keywords such as artificial intelligence, large language models,
large language model, natural language processing, machine learning, medical
education, generative ai, “chatgpt” , language model, and deep learning consti-
tute research hotspots in the international LLM field. In contrast, in literature
retrieved from Chinese databases including CNKI, Wanfang Data, and VIP,
main keywords such as deep learning, artificial intelligence, knowledge graph,
entity recognition, electronic medical records, evidence-based medicine, medi-
cal question answering, literature classification, machine learning, and medical
domain constitute research hotspots in the domestic LLM field.
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2.2.2 Keyword Clustering Analysis

Based on keyword co-occurrence networks, keyword clustering further deepens
thematic relationships by grouping closely related keywords into different cate-
gories to visually display various research directions in the field, allowing explo-
ration of research hotspots through clustering themes. The LLR algorithm was
used for keyword clustering domestically and internationally, yielding keyword
clustering maps shown in Figures 4a [Figure 4: see original paper] and 4b. The
clustering modularity value (Q value) was 0.7705 > 0.3000, indicating effective
clustering, and the clustering average silhouette value (S value) was 0.9256 >
0.5000, indicating high clustering consistency (Figure 4a). The Q value was
0.8470 > 0.3000, indicating effective clustering, and the S value was 0.9625
> 0.5000, indicating high clustering consistency, demonstrating that the key-
word clustering map is significant and structurally reasonable (Figure 4b). The
maps show that there are 14 main clusters in international research in this field
and 5 main clusters in domestic research. The main keyword clusters domesti-
cally and internationally are shown in Table 3 . Domestic research focuses on
entity recognition and medical question-answering systems, electronic medical
records and pattern recognition, and the integration and application of knowl-
edge graphs. International research focuses on the application and progress
of electronic health records, evidence-based medicine and medical decision sup-
port systems, considerations of medical ethics, and diversified research on large
language models.

2.3 Research Frontier Analysis

To understand research frontiers and predict hotspots and future trends in the
field, keyword burst analysis, as a visualization method for rapidly increasing
co-occurrence frequency, has been applied by many scholars. This study can
intuitively reflect the changing patterns of research hotspots in the field through
the burst strength of literature keywords. Table 4 shows the top 20 keywords
with strong burst strength in English literature. Higher burst strength better
reflects research frontiers. In the burst bars, red represents the time period when
the burst word was active. The analysis reveals that “chat generative pre-trained
transformer,” “transfer learning,” “efficacy,” “prevalence,” “ai chatbot,” “cancer,”
and “conversational agents”are prominent keywords in recent years, representing
important trends in international LLMs. Table 5 shows the top 20 keywords with
strong burst strength in Chinese literature. Higher burst strength better reflects
research frontiers. In the burst bars, red represents the time period when the
burst word was active. The analysis reveals that “artificial intelligence,”“medical
domain,” “drug discovery,” and “Chinese medicine” are prominent keywords
in recent years, representing important trends and developments in domestic
LLMs.
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3.1 Evolution Analysis of Domestic and International LLM
Research

Based on the annual publication volume in the retrieval databases, the study
shows that LLM research has generally maintained a continuous growth trend.
The development of medical language models can be roughly divided into three
stages: traditional medical language models (before 2018), medical pre-trained
language models (2019-2022), and LLMs (2023 to present). Before November
2022, although some studies involved large-scale pre-trained language models,
these models did not meet the parameter scale standards of later LLMs. The
year 2023 marked the beginning of systematic international research evaluating
models like ChatGPT for their applications in the medical field [3]. In contrast,
domestic research started later, with studies since November 2023 mainly explor-
ing the feasibility of LLMs in clinical medicine and their potential for application
in clinical consultation systems. The reason for the explosive growth of research
concentrated in the past two years is the advancement of large language model
technology internationally, whose powerful understanding capabilities can pro-
cess large amounts of medical data, making medical data resources no longer
idle [4], coupled with factors such as population aging and increasing medical
demands, which together have promoted the rapid growth of domestic LLMs in
recent years.

3.2 Analysis of Domestic and International LLM Research
Hotspots

Based on keyword clustering analysis, combined with Table 3 and Figures 4a
and 4b, this study reorganizes and classifies common research directions such
as artificial intelligence and deep learning domestically and internationally, and
sorts out differences in research directions between domestic and international
studies. According to the relevance of directions, the research status was reclas-
sified and deeply analyzed.

3.2.1 Domestic Research Hotspot Analysis

(1) Entity Recognition Promotes Performance Improvement in Med-
ical Question Answering. Medical question-answering systems serve as im-
portant tools for assisting diagnosis, enabling rapid responses to queries from
patients or healthcare personnel and improving the efficiency of medical ser-
vices [5]. However, the complexity and diversity of Chinese medical terminol-
ogy make it more difficult for systems to understand the true intent of patient
queries, limiting the development of medical question-answering systems. To
overcome these obstacles, Qiao Kai et al. [6] proposed a question-answering
matching model based on an attention mechanism to improve the performance of
question-answering matching models. Wang Runzhou et al. [7] proposed a med-
ical knowledge graph question-answering framework based on hybrid dynamic
masking and multi-strategy fusion to enhance entity recognition technology,
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solving the problem of unclear recognition in medical question-answering sys-
tems and promoting performance improvement in medical question-answering.

(2) Pattern Recognition Promotes Data Structure Optimization of
Electronic Medical Records. As the core of China’ s medical informatiza-
tion, electronic medical records are an essential data source for training LLMs.
However, the complexity of their unstructured data poses challenges for training
and applying large language models, and traditional data warehousing strate-
gies can no longer meet the needs of big data analysis [8-9], greatly affecting the
effectiveness of medical data mining and leaving pre-trained LLMs lacking suffi-
cient, authentic medical information. Machine learning can solve unstructured
data problems. Liang Lirong et al. [10] used machine learning algorithms to es-
tablish a CCRFs model, which not only optimized the training process of LLMs
but also enhanced the model’ s application potential in real medical scenarios.

(3) Knowledge Graphs Promote the Expansion of Precision Medicine
Applicability. Knowledge graphs contain rich knowledge semantics of enti-
ties and relationships in corresponding domains, providing important references
for responses in domain dialogues [11], which plays a crucial role in improving
the quality and accuracy of dialogue system responses. In this regard, Lii Xue-
giang et al. [11] proposed incorporating knowledge semantic graph information
into dialogue systems based on medical knowledge graphs, using the TransE
model to integrate existing medical graph data into multi-turn dialogues, and
demonstrated through experiments that this method can meet the rigor require-
ments of dialogue system responses. To address the current lack of high-quality
question-answering data in the Chinese medical domain, domestic scholars have
combined medical knowledge graphs with BERT models [6], which not only en-
hances the model’ s understanding of medical terminology but also improves
its ability to handle complex medical consultations [12]. Integrating knowledge
graphs can expand the applicability of LLM dialogue systems and optimize
their ability to handle complex medical consultations and provide precise medi-
cal advice, which can improve the model’ s medical professionalism and deepen
its understanding of medical terminology and concepts. Therefore, this fusion
strategy is gradually becoming key to promoting the development of LLMs to-
ward higher-level specialization. In the retrieved literature, it was found that
traditional language model research mostly focuses on entity recognition, elec-
tronic medical record information extraction, and pre-trained language models
mostly focus on knowledge graph fusion research. These research hotspots are
all basic work for strengthening the application of knowledge graphs in LLMs
and optimizing medical question-answering systems.

3.2.2 International Research Hotspot Analysis

(1) Application and Progress of Electronic Health Records (EHR).
As a comprehensive patient health information database, EHR records not only
clinical data but also multidimensional information including patients’ lifestyles
and social environments. Compared with domestic electronic medical records
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that focus on recording medical services and treatment processes within sin-
gle medical institutions, resulting in relatively low information interoperability,
international EHRs are more advanced in information completeness and data
sharing due to their adoption of international standards such as HL7 and FHIR.
International scholars have addressed the de-identification of code-mixed text
in EHR through training and fine-tuning methods for PLMs and LLMs [13].
Moreover, international research has effectively solved the identification prob-
lem of code-mixed text in EHR and promoted the automation and intelligent
development of EHR by training and fine-tuning pre-trained models such as
KLUERoBERTzA.

(2) Evidence-Based Medicine Promotes Clinical Decision Support
Systems. In the field of evidence-based medicine, international research em-
phasizes the application of large language models in healthcare and clinical
decision support systems. Eppler et al. [14] investigated the potential uses of
the large language model ChatGPT in urology by collecting opinions from urol-
ogists worldwide. Pool et al. [15] evaluated the application and usage potential
of large language models and generative Al in telemedicine. At the same time,
international research also focuses on the ability of large language models to
evaluate drug efficacy and support medical evidence. For example, Moskatel et
al. [16] evaluated the accuracy and reliability of ChatGPT-3.5 in evidence-based
medicine by querying drug efficacy, while Gwon et al. [17] considered evidence-
based medicine as a theoretical foundation for clinical support decision-making.
Although studies have found that large language models still face challenges
in accuracy and reliability, international research has deeper applications in
evidence-based medicine and clinical support decision-making compared to do-
mestic research, becoming one of the research hotspots.

(8) Consideration of Medical Ethics. International research comprehen-
sively considers medical ethics issues when exploring the application of large
language models in the medical field, including informed consent, bioethics, and
privacy ethics. The United States’ HIPAA law sets standards for the applica-
tion of models through strict regulations on medical data, while in some other
countries, the enforcement and standards of data privacy vary, posing ethical
challenges for international cooperation. Allen et al. [18] discussed the ethical
implications of delegating consent to LLMs in medicine and pointed out their
potential advantages in certain clinical situations. Chen et al. [19] assessed the
accuracy of ChatGPT-3.5 in answering bioethics questions, while Balas et al. [20]
evaluated GPT-4" s performance in responding to complex medical ethics cases.
These studies indicate that although large language models still have limitations
in understanding ethical dilemmas, improving medical ethics can enhance their
reliability in clinical applications.

(4) Diversified Research on Large Language Models. International re-
search has not only focused on ChatGPT and Google Bard but also prioritized
Llama 2 as a research focus. For example, Bak et al. [21] evaluated the per-
formance of different large language models in identifying motivational states.
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Many scholars have used the Llama 2 model as a base model for fine-tuning to
develop new methods. For instance, Wang et al. [22] used domain-specific cor-
pora to fine-tune Llama 2 and developed a new method for rare disease concept
normalization. Additionally, international research emphasizes the application
of large language models in generating text summaries, such as Goswami et al.”s
[23] research on Llama 2 and QLoRA, demonstrating the potential to maintain
data quality while reducing memory usage. Therefore, Llama 2 has become
one of the hotspots in international LLM research as a base model. Overall,
in the retrieved literature, popular schools of international research mainly in-
clude pre-trained language models and LLMs. Most pre-trained language model
research focuses on optimizing models for electronic health record information
extraction, while most LLM research focuses on applications in evidence-based
medicine and clinical decision support systems, considerations of medical ethics,
and model optimization.

3.3 Frontier Analysis of Domestic and International LLM
Research

Based on keyword burst analysis, the concentrated emergence of burst words
in 2023-2024 reflects the increasing activity in this field in the past two years.
This trend is attributed to the rapid development of technology, especially in
processing complex medical texts and multimodal data. These models meet the
market demand for efficient medical solutions, and their application potential
has been recognized. However, due to differences in research paths between do-
mestic and international studies, future research trends in this field are expected
to diverge.

3.3.1 International Research Frontiers

(1) Research on Technology and Method Applications is the Tech-
nical Foundation for LLM Development. As shown in Table 4, “Chat
Generative Pre-trained Transformer,” “Transfer Learning,” and “Conversational
Agents” are key technological methods for LLMs that are gradually becoming
research hotspots. Scholars are committed to developing models capable of un-
derstanding and generating natural language texts and exploring their diverse
applications in the medical field. For example, pre-training and generation tech-
nologies have been used to build models that can provide continuous clinical
decision support [1]. Scholars are also exploring methods to combine LLMs with
medical guidelines to solve specific medical problems [24]. This indicates that
research on LLM technology methods and their application in the medical field
will be an important direction for future research.

(2) Research on Application Effects is the Results-Oriented Focus of
LLMs in the Medical Field. As the application of large language models
in the medical field becomes increasingly widespread, their efficacy and preva-
lence have become the focus of academic attention. Scholars are exploring the
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performance and application potential of these models in different medical sce-
narios. For example, by designing identification protocols for treatment plans
for lung cancer patients, scholars have evaluated the performance of large lan-
guage models in clinical decision support [25]. Additionally, Li et al. [26] filled
gaps in mental health assessment by synthesizing evidence and evaluating the ef-
fectiveness of large language models. These research results indicate that future
research will pay more attention to the application effects and general applica-
bility of large language models in the medical field and their potential role in
improving clinical decision support and patient care quality. Therefore, for in-
ternational research, the pre-trained language model school will tend to combine
with LLMs to optimize and build models suitable for clinical decision support
systems, while the LLM school will tend to continue exploring the performance
and potential of large language models in medical field applications.

3.3.2 Domestic Research Frontiers

(1) “Artificial Intelligence” Has Broad Application Prospects in the
Medical Field, Particularly Showing Initial Effectiveness in Clinical
Decision Support Systems and Medical Image Analysis. Chinese schol-
ars mostly focus on the possibility of applying artificial intelligence in the med-
ical field and discuss the development trends and future prospects of large lan-
guage models in review form. For example, the application prospects, challenges,
and countermeasure analysis of ChatGPT in the nursing field provide theoretical
foundations and practical directions for the application of artificial intelligence
in nursing education, research, and clinical nursing [27-28]. Some scholars have
used ChatGPT and GPT-like technologies to conduct case demonstrations from
five aspects: early prevention, disease diagnosis, treatment methods, prognosis
and nursing, and image presentation, to obtain the application prospects of
large models in the medical field [29-30]. These studies not only enrich the the-
oretical foundation of artificial intelligence in the medical field but also point
out directions for future empirical research and application practice.

(2) LLMs Will Continue to Drive Challenges and Innovation in Chi-
nese Medical Information Processing. The hotspot “Chinese Medicine”
focuses on identifying Chinese electronic medical records and solving the prob-
lem of unstructured Chinese medical records. Domestic scholars mainly combine
traditional deep learning methods with BERT models to address the unstruc-
tured problem of Chinese medical record data [31-32]. Given the professionalism
of Chinese medical data, constructing knowledge graphs containing sufficient
professional terminology is particularly important [33-34], providing necessary
database support for Chinese medical question-answering systems. With the
growth of Chinese medical data volume and the advancement of language model
technology, developing LLMs capable of efficiently processing and analyzing
Chinese medical information has become increasingly important. Furthermore,
constructing professional terminology knowledge graphs will significantly im-
prove the model’ s understanding of medical texts and the accuracy of answer-

chinarxiv.org/items/chinaxiv-202409.00216 Machine Translation


https://chinarxiv.org/items/chinaxiv-202409.00216

ChinaRxiv [$X]

ing medical-related questions, which is crucial for improving clinical decision
support and patient care quality. Therefore, for domestic research, traditional
language model schools and pre-trained language model schools will tend to
combine machine learning methods with pre-trained language models for opti-
mization to promote Chinese medical record information processing, while LLM
schools will tend to explore the feasibility of large language model applications
in medical fields such as clinical decision support systems and medical imaging,
driving the application of large language models in different medical scenarios.

4 Summary and Outlook

Research on large language models in the medical field is built upon traditional
language models and pre-trained language models. With the maturation of
generative large language model technologies such as ChatGPT, the number
of relevant research papers has increased significantly in recent years. After
in-depth analysis of the development history of medical language models, this
study found that domestic research focuses mainly on knowledge graph con-
struction, entity recognition, electronic medical record applications, and med-
ical question-answering system development, particularly emphasizing the ap-
plication prospects of knowledge graphs and artificial intelligence in medicine.
International research, in contrast, focuses more on the development of large
language models, improvement of natural language processing technologies, and
innovative applications of generative artificial intelligence, especially in fine-
tuning large language models to adapt to diverse medical scenarios and improve
their application accuracy.

This study is limited by the finite databases supported by CiteSpace, which
may result in incomplete literature retrieval. Nevertheless, this study also con-
sidered literature data from 2017-2022. Although early relevant research did
not directly target LLMs, these studies are highly relevant to current LLMs,
and therefore, this study included a small amount of research on traditional
medical language models and pre-trained language models to provide a more
comprehensive examination of LLM evolution.

Overall, compared with international research, China still has room for improve-
ment in the application and fine-tuning of large language models. In the future,
LLM research in China should continue to deepen the mining of local medical
data and the construction of knowledge graphs, which are key to improving
model performance. At the same time, China should learn from international
advanced experiences in fine-tuning large language models and multi-scenario
application evaluation. Furthermore, China should promote the application of
models in clinical decision support systems to achieve comprehensive optimiza-
tion and innovation of technical methods. In-depth exploration of these research
directions will enhance China’ s international competitiveness in the LLM field
and improve our contribution and influence in the global medical artificial intel-
ligence field.
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