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1. Introduction

Rare diseases refer to a group of clinically heterogeneous 
disorders characterized by considerably low prevalence 
and a small population of affected individuals (1). 
Different countries and regions have established different 
specific definitions for rare diseases. The U.S. Food and 
Drug Administration (FDA) defines rare diseases as "any 
disease or condition that affects < 200,000 persons in 
the United States (2)". The European Medicines Agency 
(EMA) defines rare diseases as "life-threatening or 
chronically debilitating conditions that affect no more 
than 5 in 10,000 people in the EU (2) ". According to The 
Report on the Definition of Rare Diseases in China 2021, 
China defines rare diseases as "diseases with a neonatal 
incidence rate of less than 1 in 10,000, a prevalence rate of 
less than 1 in 10,000, and a total affected population of less 
than 140,000 (3) ". According to estimates, rare diseases 

affect over 300 million patients worldwide, with over 7,000 
rare diseases accounting for 10% of all human diseases. 
Among these, 80% are of genetic origin (4). However, 
currently, effective treatment methods are unavailable 
for more than 90% of rare diseases (5). The direct 
medical costs, non-medical costs, and productivity losses 
associated with rare diseases impose a significant burden 
on society (6). Therefore, the treatment and management 
of rare diseases have become important global public 
health issues (7).
 According to statistics, the number of patients with 
rare diseases in China is estimated to be approximately 
20 million, with an average of 200,000 new cases 
reported annually (3). Rare diseases are receiving 
increasing attention in China. In 2018, China released 
The First Batch of Rare Disease Catalog in China, which 
mentioned 121 rare diseases (8). This made China the 
first country to classify rare diseases using a specific list 
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(9). In 2023, China released The Second Batch of Rare 
Disease Catalog in China, which added 86 (10) new 
rare diseases to the list. Meanwhile, globally, developed 
countries such as the United States, France, and Germany 
have implemented national rare disease programs and 
orphan drug regulations and provide substantial funding 
to support research innovation and the establishment 
of healthcare systems for rare diseases (11). Academic 
research on rare diseases has experienced unprecedented 
and rapid development. WoS and CNKI databases are the 
most comprehensive databases for core journal indexing 
in China and worldwide. They can help identify scientific 
research trends from publications in different languages 
and country perspectives (12).
 This study aims to provide a comprehensive overview 
of the research trends in rare diseases over the past 
decade using CiteSpace software. We summarize the 
development process in the field of rare diseases and 
provide directions for further advancements in this area.

2. Methods

2.1. Retrieval strategy

The data for this study were obtained from the WoS Core 
Collection and CNKI databases. For the WoS database, 
a topic-based search was conducted using the keywords 
"(rare disease) OR (rare cancer) OR (rare tumor)". The 
keyword "rare disease" was set as a "must inclusion", 
and the time range spanned from January 1, 2013, to 
December 31, 2023. The selected document types were 
"Review Article" and "Article."
 For the CNKI database, the search strategy included 
the keywords "(rare disease (in Chinese)) OR (rare 
disorder (in Chinese)) OR (in Chinese))" for the topic 
search. The time range spanned from January 1, 2013, 
to December 31, 2023. The selected document type was 
"Journal Article".

2.2. Inclusion criteria

The inclusion criteria for the academic papers were as 
follows: the articles must have keywords such as "rare 
disease (in Chinese)", "rare disorder (in Chinese)", or 
"rare tumor (in Chinese)", and the research topic must 
be related to rare diseases or rare tumors. The inclusion 
was limited to academic journal papers available in the 
Chinese language for CNKI. No language restrictions 
were used for papers retrieved from the WoS.

2.3. Exclusion criteria

The exclusion criteria for literature selection were as 
follows: i) Duplicate publications, ii) Literature unrelated 
to the research topic of rare diseases or rare tumors, iii) 
Literature without relevant keywords and/or the complete 
text, iv) Conference papers, patents, newspapers, and 

project reports.

2.4. Literature screening and data extraction

Two researchers conducted a thorough review of the 
literature based on the predetermined inclusion and 
exclusion criteria. They screened the titles and abstracts 
to exclude irrelevant data. In case of discrepancies, a 
third person was consulted for consensus. The search 
results from CNKI were exported in "Refworks" 
format, whereas the results from WoS were exported 
using "Plain Text - Full Record and References" as the 
data source.

2.5. Analysis method

CiteSpace 6.1.R6 is a Java-based program that supports 
visual exploration and knowledge discovery in literature 
databases. The analysis was conducted using CiteSpace 
to aid the visualization of the research landscape (13). 
The time slice was set to 1 year, and the top N was set 
to 50. Pruning was set to Pathfinder and Pruning sliced 
networks. The analysis included the K-means clustering 
analysis of keywords and the identification of emerging 
research frontiers. The results were presented in the form 
of timeline graphs and keyword burst graphs in the visual 
interface of CiteSpace.

3. Results

3.1. Literature search results

A total of 11,347 papers were retrieved from WoS. After 
data inspection, deduplication, and cleaning, 10,754 
papers were included in the study. These papers were 
exported in the form of "Plain Text - Full Record and 
References". An initial screening of CNKI yielded 2,152 
papers. After further evaluation, 969 papers were selected 

(2)

Figure 1. Flowchart of literature search and data incorporation.
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the Netherlands had the greatest intermediary centrality 
(0.09), indicating close collaborative connections with 
other countries. The Netherlands has not only published 
a large volume of research output but also achieved high-
quality results in the field of rare disease research, thus 
playing a crucial role.

3.2.2. Research Institutions

Among publishing institutions (Table 2), Chinese 
research institutions have abundant research output in 
both domestic and international databases. The Beijing 
Union Medical College Hospital, Chinese Academy of 
Medical Sciences, as a top medical and research center 
in China, is the only institution that ranks among the 
top 10 institutions in both domestic and international 
databases. It houses the National Key Laboratory for 
Rare and Difficult Diseases and focuses on diseases 
such as Gitelman syndrome, transthyretin amyloidosis 
cardiomyopathy, and hereditary retinal degeneration. 
Zhejiang University has the greatest number of 
publications in the WoS database and primarily focuses 
on rare diseases such as spinal muscular atrophy and 
Wilson's disease. Combining the results of the analysis 
of countries in the previous section, it is evident that 
European and American countries hold critical positions 
in the field of rare disease research. Meanwhile, the 
research capabilities of China are noteworthy.

and included in the study (Figure 1).
 In the CNKI database (Figure 2A), the overall 
number of publications was relatively low and showed 
slow growth. There was a decline in 2018, followed by a 
recovery to normal levels. A rapid increase was observed 
from 2022. In 2023, the number of publications was 5.97 
times greater than that in 2013. In the WoS database, the 
number of publications in the rare disease field showed 
a steady growth trend (Figure 2B). The growth rate 
increased significantly from 2018, although there was a 
marginal decline in 2023.
 Based on a comparison of the domestic and 
international publication counts (Figure 2C), the field of 
research on rare diseases is continuously expanding both 
domestically and internationally. Compared to domestic 
journals, international journals show a higher level of 
attention and depth of research in this field.
 Using a nonlinear index to fit the growth trend, 
the curve fitting equation for CNKI was set at Y = 
-134.6*exp(0.0567*X), R2 = 0.8894; WoS is Y = 
-72.97*exp(0.0376*X), R2 = 0.8644.

3.2. Database literature spatial distribution (core 
countries/institutions)

3.2.1. Countries and Regions

The country with the greatest number of publications 
in the WoS database was the United States, with 2,423 
papers (22.5%). China ranked second with 1969 papers 
(18.3%), followed by Italy and Germany, both with over 
1,000 papers (10.4% and 9.4%). However, there was a 
significant gap between the top two countries and the 
rest (Table 1). This indicates the core position of the 
United States in the field of rare disease research. China 
also demonstrated strong research capabilities. Among 
the top 10 countries, six were European countries. 
From the Network of Collaborating Countries (Figure 
3), extensive and frequent collaboration was observed 
among European and American countries. However, 
currently, China has limited research collaborations 
with other countries. In terms of literature centrality, 

Table 1. The top 10 productive countries with publications 
concerning rare diseases

Rank

1
2
3
4
5
6
7
8
9
10

Article counts

2,423
1,969
1,123
1,020
   881
   821
   649
   598
   465
   379

Centrality

0
0
0
0
0.01
0.07
0
0.07
0.05
0.09

Countries

USA
PEOPLES R CHINA
ITALY
GERMANY
FRANCE
ENGLAND
JAPAN
SPAIN
CANADA
NETHERLANDS

Figure 2. Chart of annual publishing and growth trends. (A) Trends in the number of publications per year in the CNKI database; (B) Trends 
in the number of publications per year in the WoS core database; (C) Comparison of publication growth trends between the CNKI and WoS core 
database.
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3.3. Keywords

3.3.1. Co-occurrence of keywords

Keywords are a reflection of the core content of the 
literature. In this study, we selected co-occurrence 
network graphs of keywords with a frequency 
greater than 100 in the WoS database (Figure 4B). 

The top three keywords were "rare disease" (1,662), 
"diagnoses" (980), and "mutation" (833) (Table 3). 
"Management" (794) also had a high frequency. In the 
CNKI database (Figure 4A, Table 3), "rare disease" 
was also the most frequently appearing keyword (452), 
followed by "orphan drugs" (100) and "diagnosis" (38). 
A comparison of the two showed that "rare disease", 
"diagnosis", "therapy", and "Children" are among the 

Figure 3. Network of collaborating countries. The circle indicates the country; the larger the size of the circle, the greater the number of 
publications from the country. Links between nodes describe cooperation between the countries.

Table 2. The top 10 productive institutions ranked by the numbers of publications

Rank

1
2
3
4
5
6
7
8
9
10

Article counts

74
61
31
31
21
20
18
15
14
12

Institutions (CNKI)

Peking Union Medical College Hospital
China Medical University
Peking University
Peking Union Medical College
Shandong University
National Medical Products Administration
Shenyang Pharmaceutical University
Shanghai Health and Health Development Research Center
West China Hospital, Sichuan University
Shanghai Jiao Tong University

Institutions (WoS)

Zhejiang Univ
Capital Med Univ
Harvard Med Sch
Univ Milan
Mayo Clin
Univ Toronto
Univ Penn
Chinese Acad Med Sci
Sichuan Univ
INSERM

Article counts

151
132
127
126
123
118
105
  98
  94
  90

Figure 4. Network of primary keywords in publications. (A) Network of primary keywords in the CNKI database; (B) Network of primary 
keywords in the WoS core database. The circle indicates the keyword; the larger the size of the circle, the greater the frequency of the keyword.
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top 10 keywords with the greatest frequency in both 
databases. This indicates that diagnosis, therapy, and 
children's rare diseases are common themes of concern 
in this field at both domestic and global levels, and 
they represent the research focus. However, among the 
high-frequency keywords in the domestic database, 
certain terms were related to orphan drugs and rare 
drugs, which were also treatment-related. In contrast, 
the international database focused more on gene-
related directions such as "mutation" and "expression", 
as well as rare disease management. This reveals the 
different research perspectives between domestic and 
international studies in this field. Chinese research 
institutions may place a greater emphasis on drug 
development and application, whereas international 
research tends to explore the mechanisms underlying 
rare diseases and the social management of special 
populations.

3.3.2. Keyword clustering

Keyword clustering can reflect the different research 
focuses in a particular field. The smaller the clustering 
number, the more the keywords are included in that 
cluster. In the WoS database (Table 4), orphan drugs 
and whole-exome sequencing were the most prominent 
research directions. Case reports were the primary form 
of research output, indicating that with the improvement 
of medical standards and advancement of diagnostic 
methods, a greater number of rare disease cases are being 
reported. In the CNKI database (Table 4), orphan drugs 
remain a research focus. The comparison between the 
two databases reconfirmed the difference in research 
focus between domestic and international studies in the 
field of rare diseases. These research directions also 
indicate that international research on rare diseases has 
focused on findings at the molecular level, whereas 
Chinese journals continue to focus on treatment and 
medication, with less emphasis on the investigation of 
disease mechanisms. The development of the field of rare 
diseases in China is less advanced than the international 
community.

3.3.3. Keyword timeline graph

The timeline graph reflects the development of keywords 
within each cluster. In the WoS database (Figure 5B), 
the top ten keywords in terms of frequency have been 
appearing since 2013 and have maintained a high 
occurrence rate over the past 10 years. This indicates that 
the diagnosis, therapy, management, and genetic research 
of rare diseases constitute the foundation of this field. 
On this basis, medical genetics (2019), genomics (2018), 
and public health (2020) have advanced considerably, 
aiding rare disease research at a deeper investigative 
level. In the CNKI database (Figure 5A), high-frequency 
keywords such as "rare disease", "orphan drugs", and 
"rare drugs" related to medications have appeared 
since 2013 and have laid the foundation for subsequent 
research directions. Keywords such as "diagnosis", 
"therapy", and "clinical trials" only appeared first in 
2015-2016, exhibiting a lag compared to international 
trends. Keywords related to rare disease management and 
social support in the field of social sciences also appeared 
relatively late, indicating that China still lacks sufficient 
social attention and policy support for rare disease 
populations. Based on observations of the keyword 
burst graph (Figure 6), the Ice Bucket Challenge, which 
went viral on social media for promoting awareness of 
amyotrophic lateral sclerosis (ALS), once created a wave 
of enthusiasm in China but disappeared within a year. 
This indicates that while marketing-style dissemination 
can increase social awareness of rare diseases, it does 
not significantly impact social security in rare disease 
populations. Currently, the research focus is concentrated 
on medical security, and governmental influence may 
significantly improve the lives of rare disease populations 
in China.

3.4. Authors

In the WoS database, Taruscio, Domenica; Boycott, 
Kym M; and Baynam, Gareth were the top three 
authors in terms of publication volume (Table 5). The 
three authors constituted the center in the collaboration 
network, and their collaboration has gained prominence 
in the past 5 years (Figure 7B). Before this period, the 
author collaboration network was not significant, with 
the majority of authors producing independent work. 

Table 3. The top 10 keywords ranked by frequency

Rank

1
2
3
4
5
6
7
8
9
10

Article counts

452
100
  38
  35
  31
  29
  23
  20
  19
  15

Keywords of CNKI

rare disease
orphan drugs
diagnosis
therapy
medical security
rare drugs
children
rare disorder
clinical trial
accessibility

Centrality

1.19
0.11
0.05
0.02
0.01
0.11
0.01
0.05
0.01
0.02

Article counts

1,662
   980
   833
   794
   619
   602
   403
   390
   380
   377

Keywords of WoS

rare disease
diagnosis
mutation
management
disease
children
therapy
case report
expression
cancer

Centrality

0.01
0
0.01
0.01
0.01
0.01
0.01
0
0.01
0.01
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Table 4. The information of clusters about keyword co-citation analysis

Database

WoS Database

CNKI database

Terms

rare disease; target therapy; desmoplastic small round cell tumor; tyrosine kinase receptor; fetal 
growth restriction | squamous cell carcinoma; targeted therapy; penile cancer; systemic therapy; 
retroperitoneal sarcoma

rare disease; orphan drug; spinal muscular atrophy; real-life outcome data; single-arm trial | rare 
diseases; comparative effectiveness; evidence generation; patient-oriented outcomes; evidence 
synthesis

case report; langerhans cell histiocytosis; igg4-related disease; central diabetes insipidus; 
bone marrow | magnetic resonance imaging; myeloid sarcoma; sacral spine; primary testicular 
lymphoma; testicular cancer

rare disease; whole-exome sequencing; genic intolerance; health ethics; government regulation | 
mutation; variant; protein; tool; common disease

rare disease; aortic dilatation; bicuspid aortic valve; aortic dissection; aortic coarctation | 
pulmonary hypertension; lung cancer; von recklinghausen; neurofibromatosis type; viral 
coinfection

rare disease; oxidative stress; lipid metabolism; mitochondrial dysfunction; brain iron 
accumulation | gene expression; growth; model; mutation; mice

rare disease; orphan drugs; rare drugs; rare disorder; diagnosis

orphan drugs; medicine policy; comparative analysis; analysis; price negotiation

rare drugs; America; pharmaceutical companies; research and development; indication 
expansion

Pathology; gene therapy; clinical studies; diagnosis; rare disease

children; therapy; artificial intelligence; clinical manifestations; classification

medical education; rare disorder; clinical thinking; computer technology; teaching quality

medical security; Hemophilia; affordability; ethical principles; medical insurance policy

accessibility; influencing factors; availability; strategy research; evaluation index

clinical trial; recruitment; drug development; rare lung tumors; priority review

China; guarantee; national rare disease registration system; cooperation; Gauchers disease

Label

rare disease

orphan drug

case report

whole-exome
sequencing

aortic dilatation

oxidative stress

rare disease

orphan drugs

rare drugs

Pathology

children

medical education

medical security

accessibility

clinical trial

China

Clusters

0

1

2

3

4

5

0

1

2

3

4

5

6

7

8

9

Figure 5. Timeline view of keywords. (A) Timeline view of keywords in the CNKI database. (B) Timeline view of keywords in the WoS core 
database. The circular nodes on the line represent the top three keywords with the greatest frequency of occurrence in this time slice. The timeline 
is shown at the top of the figure, and the year corresponding to the node is its publication time. The link between nodes represents the co-citation 
relationship.
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This indicates that contemporary research places greater 
emphasis on multi-team collaboration and multi-center 
studies. Taruscio, Domenica, Boycott, Kym M, and 
others have contributed to rare disease research for a 
long time, consistently producing research output, and 
they are important scholars in this field.
 The author collaboration network reflected in the 
CNKI database is relatively close but shows clear stages 
(Figure 7A). In 2013-2014, Pei-Wen Wang and Jin-
Ping Xie were the central authors in the network. The 
collaboration network centered around Shu-Yang Zhang, 
Bo Zhang, and Meng-Chun Gong lasted for a longer 
duration. The publication volume clearly indicated that 
this team has made outstanding contributions to the 
field of rare diseases (Table 5). However, their output 
decreased significantly in the past 3 years, and the 
formation of novel collaboration networks is not yet 
apparent.

3.5. Co-cited references

Highly cited references can indicate the hot topics in a 
research field. By analyzing these co-cited references, 
the dynamic changes in research topics within a specific 
time range can be identified.  The top three co-cited 
references were "Estimating cumulative point prevalence 
of rare diseases: analysis of the Orphanet database 
(14)", "Standards and guidelines for the interpretation of 
sequence variants: a joint consensus recommendation of 
the American College of Medical Genetics and Genomics 
and the Association for Molecular Pathology (15)", and 
"The mutational constraint spectrum quantified from 
variation in 141,456 humans (16)" (Table 6). The first-
ranked reference was cited as many as 156 times. We 
used the Orphanet database to estimate the cumulative 
point prevalence of rare diseases. Of the 6,172 unique 
rare diseases, 71.9% were genetic, and 69.9% manifest in 

Figure 6. Twenty-five keywords with the strongest citation bursts. (A) The 25 keywords with the strongest citation bursts in CNKI; (B) The 
25 keywords with the strongest citation bursts in the WoS core database. The blue line indicates the time axis, whereas the red segment on the 
blue time axis indicates burst detection, along with the start year, end year, and burst duration.

Table 5. The top 5 productive authors ranked by the numbers of publications

Article counts

26
25
17
11
11
-

Author

Taruscio, Domenica
Boycott, Kym M
Baynam, Gareth
Robinson, Peter N
Lochmueller, Hanns
-

Article counts

27
15
11
11
10
10

Rank

1
2
3
4
5
6
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childhood. The second- and third-ranked references were 
both related to genomics.
 Table 7 presents further analysis of hot topics and 
progress in the field of rare diseases over the past 10 
years. This study selected the top 15 references with 
the strongest citation bursts. Among them, six articles 
were related to genomics (15-20), and three articles 

reported database-related content, including those 
related to the Orphanet (14) and HPO databases (21, 
22). Two articles introduced disease-related platforms, 
namely The Matchmaker Exchange (23), a platform 
for rare disease gene discovery, and PhenoTips (24), a 
software for patient phenotype analysis for clinical and 
research purposes. The remaining articles cover topics 

Table 6. The top 10 cited references with the highest cited frequency

Freq

170
110
86
83
60
58
57
49
45
43
43

Burst

28.18
34.05
13.74
20.45
3.62
9.74
0
3
5.89
17.32
0

Author

Wakap SN
Richards S
Karczewski KJ
Lek M
Wright CF
Ferreira CR
Haendel M
Boycott KM
Landrum MJ
Boycott KM
Rentzsch P

DOI

10.1038/s41431-019-0508-0
10.1038/gim.2015.30
10.1038/s41586-020-2308-7
10.1038/nature19057
10.1038/nrg.2017.116
10.1002/ajmg.a.61124
10.1038/d41573-019-00180-y
10.1016/j.ajhg.2017.04.003
10.1093/nar/gkx1153
10.1038/nrg3555
10.1093/nar/gky1016

Centrality

0.02
0.01
0.01
0.01
0.02
0.03
0.02
0.03
0.01
0.02
0.01

Source

EUR J HUM GENET
GENET MED
NATURE
NATURE
NAT REV GENET
AM J MED GENET A
NAT REV DRUG DISCOV
AM J HUM GENET
NUCLEIC ACIDS RES
NAT REV GENET
NUCLEIC ACIDS RES

Figure 7. Co-author analysis. (A) Co-author network in the CNKI database; (B) Co-author network in the WoS core database. The circle 
indicates the author; the larger the size of the circle, the greater the number of publications from the author. The links between the nodes indicate 
cooperation between the authors.

Table 7. The top 15 cited references with the strongest citation bursts

Freq

110
170
83
43
86
31
26
35
23
58
34
34
32
21
21

Burst

34.05
28.18
20.45
17.32
13.74
11.89
10.43
10.06
  9.91
  9.74
  9.07
  9.06
  9.04
  8.42
  8.42

Author

Richards S
Wakap SN
Lek M
Boycott KM
Karczewski KJ
Kircher M
Köhler S
Richter T
Page MJ
Ferreira CR
Köhler S
Philippakis AA
Zurynski Y
Girdea M
Yang YP

Centrality

0.01
0.02
0.01
0.02
0.01
0.04
0.01
0.04
0
0.03
0.05
0.02
0.01
0.07
0.02

Source

GENET MED
EUR J HUM GENET
NATURE
NAT REV GENET
NATURE
NAT GENET
NUCLEIC ACIDS RES
VALUE HEALTH
PLOS MED
AM J MED GENET A
NUCLEIC ACIDS RES
HUM MUTAT
ORPHANET J RARE DIS
HUM MUTAT
NEW ENGL J MED
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such as writing standards for reviews (25), disease terms 
definition (2), social science research (21), and reviews 
(26) on rare diseases. Evidently, genomic research is 
a hot topic in the field of rare diseases. Contribution 
to disease diagnosis and treatment using big data and 
artificial intelligence is also a growing trend. With social 
progression, minority groups are gradually receiving 
more attention, leading to an increase in social science 
research on rare disease populations.
 Centrality can indicate the importance and influence 
of literature in a specific field. In this study, the top four 
cited references with the greatest centrality were selected 
(Table 8). Among them, one article had a centrality ≥ 
0.1. This article introduced the use of exome sequencing 
to identify disease-causing genes (27), reaffirming that 
genetics is a research hotspot and development trend in 
this field.

4. Discussion

4.1. Comparison of domestic and foreign databases

An analysis of the progressive knowledge graph in the 
field of rare diseases over the past 10 years shows that 
the field of rare disease research is entering a phase 
of rapid development. However, there are certain 
differences in the research data between domestic and 
foreign databases. In terms of the number of publications, 
the number of publications included in WoS over the 
past 10 years is ten times greater than that in CNKI. This 
could be explained by the fact that the publications were 
from global journals, whereas most journals in CNKI 
were from China. In terms of the growth rate, WoS has 
been growing rapidly since 2018, whereas CNKI showed 
a significant growth acceleration in 2022. This may be 
attributed to high-quality research from China likely 
being published internationally.
 From the perspective of focus, the frequency ranking 
of keywords and clustering in CNKI indicate that 
domestic journals in China focus more on rare disease 
drugs, whereas foreign journals focus on genetics 
and therapies. China's policies may help explain this 
difference. European countries started using Managed 
Entry Agreements (MEAs) to manage rare disease drugs 
as early as 2013 or even before that. National authorities 
have the flexibility to adjust funding support, and 
pharmaceutical companies can ensure the normal market 
access of drugs considering cost-benefit conditions (28). 
In recent years, policies have further improved, and some 

countries have developed specific programs to evaluate 
the approval of rare disease drugs. For example, in Italy, 
the approval process for orphan drugs is stated to be 
completed within 100 days (29). In comparison, China's 
corresponding policies are less advanced. Following the 
announcement of the first batch of rare disease catalogs 
in 2018, in April 2019, The Drug Administration Law of 
the People's Republic of China was enacted to encourage 
development of innovative rare disease drugs and 
prioritize evaluation of approval (30). However, it did 
not specify a timeframe.
 Policy orientation is closely related to academic 
development. Developed countries such as Europe and 
the United States have established comprehensive and 
mature systems for implementing research, approval, 
and market access of rare disease drugs. These countries 
are also the primary forces in research and production of 
rare disease drugs. Therefore, they conduct more genetic 
research, uncovering disease mechanisms and explore 
new signaling pathways and mechanisms of action for 
the development of new drugs and therapies. Conversely, 
in China, most rare disease drugs are imported, and 
issues related to drug accessibility and market access still 
require improvement, despite the introduction of multiple 
policies in recent years to encourage independent drug 
research and development. However, the process is 
lengthy, and significant achievements may only be 
reported years later.

4.2. Research hotspots in the field of rare diseases

4.2.1. Rise of social science research

Patients with rare diseases often bear a dual burden of 
physical and psychological challenges. In the era of 
the biological-psychological-social medicine model 
(31), the diagnosis and treatment of diseases are no 
longer limited to technical aspects; it is also important 
to focus on the psychological well-being and social 
identity of patients. This has led to the development of 
medical humanities research in the field of rare diseases. 
Among the top 15 highly cited references, Zurynski 
Y's cross-sectional study highlighted the reasons and 
consequences of delayed diagnosis in children with 
rare diseases. It emphasizes the need for healthcare 
professionals to provide psychological support to 
patients and for parents to prioritize genetic counseling 
and opt for rare disease-related education (32). Disease 
burden is also a prominent theme of research. In the 
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Table 8. The top 4 cited references with the highest centrality

Freq

22
13
8
21

Burst

3.9
6.73
0
8.42

Author

Benson MD
Bamshad MJ
Gurovich Y
Girdea M

DOI

10.1056/NEJMoa1716793
10.1038/nrg3031
10.1038/s41591-018-0279-0
10.1002/humu.22347

Centrality

0.11
0.09
0.09
0.07

Source

NEW ENGL J MED
NAT REV GENET
NAT MED
HUM MUTAT
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2019 US Rare Disease Economic Burden Assessment, 
excess expenditures were primarily attributed to hospital 
inpatient care, prescription drugs, and productivity losses 
in the labor market owing to absenteeism and early 
retirement (33).
 In addition, the keyword "quality of life" appears 
over 200 times in the WoS database. A survey on the 
survival conditions of rare disease populations showed a 
positive correlation between informal social support and 
quality of life. Patients who received social assistance 
had better quality of life in the psychological and social 
domains than those who did not (34). "Management" 
and "healthcare coverage" are also frequent keywords. 
Countries worldwide are continuously updating their 
policies related to rare diseases (35,36). Processes to 
integrate rare disease populations into mainstream society 
are a global issue. In May 2021, the United Nations 
passed its first resolution on "Addressing the Challenges 
of Rare Disease Patients and Their Families," which 
covers various aspects, such as education, employment, 
poverty, gender inequality, and support for inclusion of 
patients with rare diseases in multiple societal dimensions 
(37). As social citizens, rare disease populations have 
the right to enjoy social welfare policies, equal access to 
education, and employment opportunities. This can help 
improve their community awareness and self-acceptance. 
At the societal level, it can alleviate socioeconomic and 
management burdens, indicating the progress of human 
civilization.

4.2.2. Application of artificial intelligence and big data

Owing to the small size of the rare disease population, 
misdiagnosis and mistreatment are common. Use of 
big data aids sharing and linkage of patient information 
worldwide. Using the powerful computational 
capabilities of artificial intelligence, the relationship 
between genes and disease onset can be determined, 
and potential drug targets can be explored. Therefore, 
establishing a rare disease information database is of 
great significance for diagnosis, treatment, and research. 
Orphanet is a widely used database with information on 
rare disease medical classifications, gene information, 
and epidemiological indicators, among other data. 
The most highly cited reference in this context uses 
accumulated data collected by Orphanet to estimate 
disease prevalence (14). The Matchmaker Exchange 
(MME), which mentioned in a high-burst cited 
reference, is a federated network connecting databases 
of genotypes and rare phenotypes using a common 
application programming interface (23). By 2022, 
which was 7 years since it was founded, the network 
had data from over 120,000 cases provided by more 
than 12,000 volunteers from 98 countries, with over 
13,520 unique gene-to-gene matches established. New 
gene-disease connections are discovered every day (38). 
Over the past decade, artificial intelligence has been 

used in diagnosis and treatment of various diseases. For 
example, machine learning algorithms have been used to 
predict the clinical severity of progressive supranuclear 
palsy (PSP) by analyzing diffusion tensor imaging 
characteristics of the brain (39). Automatic assessment 
tools have been developed to predict speech disorders 
in patients with ALS based on speech acoustics and 
pronunciation samples (40). Big data and machine 
learning demonstrate the immense potential of artificial 
intelligence in the field of rare diseases. However, 
widespread implementation of these tools in clinical 
applications requires regulatory frameworks, evidence 
from clinical trials, and compliance with ethical 
guidelines (41).
 Disease registration is also focused on both 
domestically and internationally. Owing to the challenges 
in collecting rare disease data, individualized tracking of 
each patient is typically performed using case registries. 
Collecting epidemiological data through registries helps 
monitor quality of management and patient prognosis 
processes while providing convenience for clinical 
research. Developed countries such as Europe and the 
United States have achieved a high level of refinement, 
regionalization, and networking in their registries. 
Examples include the European Rare Kidney Disease 
Registry (ERKReg) (42) and the European registry 
for patients with McArdle disease and other muscle 
glycogenoses (EUROMAC registry) (43) . In contrast, 
in China, rare disease registries have been developed 
relatively lately. The National Rare Disease Registry 
System (NRDRS), established in 2016, is expected to 
have a positive impact on epidemiological research 
within the country (44).

4.2.3. Genetic Research

Genomic research is one of the most important hotspots 
in the field of rare diseases. In keyword analysis, 
keyword clustering in CNKI includes the label of "gene 
therapy", whereas the high-frequency keywords in WoS 
include "mutation", "expression", and "gene", all of 
which appear more than 300 times. Among highly cited 
references in WoS, approximately half of the articles are 
related to genomics. The highest-ranked highly cited 
reference is a standard and guideline on interpretation 
of sequence variations. It uses various types of variant 
evidence, including population data, computational 
data, functional data, and segregation data, to classify 
variations into five standards: "pathogenic", "likely 
pathogenic", "uncertain significance", "likely benign," 
and "benign" (15). This article serves as a foundational 
declaration in the field of genomics. However, owing to 
the significant proportion of genetic diseases among rare 
diseases, development of this guideline also contributes 
to the standardized representation of gene mutations in 
rare disease genomics research, which is significant in 
determining gene-disease relationships.
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 Genomics is not only used to explore the etiology 
of rare diseases but also plays a role in development of 
therapeutic drugs and treatments as research progresses. 
Luxturna, a gene therapy drug using adeno-associated 
virus (AAV) vectors, is administered through subretinal 
injection to treat inherited retinal dystrophy caused by 
RPE65 protein deficiency. Patisiran is an oligonucleotide-
based therapy for familial transthyretin amyloidosis 
(FTA) that inhibits misfolding of transthyretin protein, 
thereby impeding disease progression. Rare disease drugs 
based on gene therapies such as CAR-T and retroviral 
vectors have also been approved and launched in foreign 
markets (45). As more mechanisms are discovered, the 
scope of gene therapy will continue to expand, bringing 
new hope for treatment of rare diseases. However, 
adoption of gene therapy in China remains limited, and 
further research and development are needed before it 
can be widely used in clinical practice.

4.3. Key scholars and institutions in the field of rare 
diseases

In the CNKI database, the core author Shu-Yang Zhang 
stands out with a significantly high publication volume. 
As the President of Peking Union Medical College 
Hospital (PUMCH) and Vice President of Peking Union 
Medical College, the collaborative network centered 
around Shu-Yang Zhang has consistently produced 
output over the past decade. Research institutions 
associated with Shu-Yang Zhang, namely PUMCH and 
Peking Union Medical College, have also achieved 
remarkable results in the field of rare disease research in 
China. Shu-Yang Zhang is a leading scholar in the field 
of rare diseases in China, with most of his published 
articles focusing on rare cardiovascular diseases or rare 
disease policies in China. Examples include "Progress 
in the Diagnosis and Treatment of Rare Cardiovascular 
Diseases (46)" and "Construction and Application of 
China's National Rare Disease Registration System 
(47) ". The articles published by Shu-Yang Zhang are 
mostly systematic reviews and expert consensus articles. 
PUMCH, as the host institution of the National Key 
Laboratory for Severe and Rare Diseases, encompasses 
various disciplines such as oncology, surgery, obstetrics, 
and gynecology. Its achievements span multiple types of 
publications, including case reports, systematic reviews, 
and clinical studies.
 In the WoS database, Taruscio D and Boycott KM 
are the authors with the greatest number of publications. 
The collaborative network centered around these 
authors is the only evident collaboration network in the 
WoS database. Taruscio D is affiliated with the Istituto 
Superiore di Sanita in Rome, Italy, whereas Boycott 
KM is affiliated with the Children's Hospital of Eastern 
Ontario in Canada. Both researchers have interests in 
genetics and experimental medicine. However, Taruscio 
D also focuses on public health management and 

healthcare services related to rare diseases, whereas 
Boycott KM has a stronger emphasis on genomics.
 In the analysis of co-cited literature, Boycott KM 
has two highly cited and highly prominent articles: 
"International Cooperation to Enable the Diagnosis of All 
Rare Genetic Diseases (48)" and "Rare-disease genetics 
in the era of next-generation sequencing: discovery to 
translation (18)" . However, Taruscio D does not have 
any highly cited articles. This indicates that Boycott KM 
is a key scholar in the field of international rare disease 
research and an important member of the International 
Rare Diseases Research Consortium (IRDiRC).
 From an institutional perspective, Chinese research 
institutions have demonstrated significant achievements 
in scientific research globally. However, collaboration 
with international institutions is yet to be established. 
Domestic and international institutions and scholars 
should strengthen communication and cooperation, learn 
from each others' experience, and collectively promote 
the development of the field of rare diseases.

5. Conclusion

This study used CiteSpace to analyze outstanding 
academic achievements in the field of rare diseases 
over the past decade. By visualizing and mapping 
key institutions, authors, keywords, and high-citation 
information, it identified research hotspots and 
development trends from different perspectives, providing 
insights for global advancement of the field of rare 
diseases.
 However, there are certain limitations to this study. 
First, the literature selection process was manual, which 
may have introduced subjectivity in the inclusion of 
literature, organization of literature information, and 
merging of keywords, potentially leading to the loss of 
some relevant articles. Secondly, CiteSpace uses its in-
built algorithms for keyword merging and clustering, 
which may not fully represent all research content within 
a particular cluster. Additionally, research on specific rare 
diseases often does not directly include the term "rare 
diseases," which implies that we may have excluded 
some studies focusing on individual rare diseases. 
Furthermore, owing to limitations in the CiteSpace 
software and CNKI database, the direct export of citation 
data was not possible, resulting in a lack of co-citation 
analysis for Chinese literature in this study.
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