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1. Introduction

Hearing loss (HL) is a prevalent sensory defect globally, 
with both syndromic and non-syndromic HL commonly 
inherited and linked to over 250 genes (1). SLC26A4 
gene mutation is one of the leading causes of hereditary 
HL worldwide (2). SLC26A4 (solute carrier family 
26, member 4), also known as PDS, is the causative 
gene of Pendred syndrome and autosomal recessive 
nonsyndromic deafness 4 (DFNB4) (3,4). Both Pendred 
syndrome and DFNB4 are associated with enlargement 
of the vestibular aqueduct and HL. SLC26A4 encodes 
pendrin, which is expressed in the inner ear, thyroid 
gland, and kidney (3,5,6). Pendrin functions as an anion 
exchanger for Cl−/I− and Cl−/HCO3

− across apical plasma 
membranes of epithelial cells (7,8).
 Researchers worldwide have conducted numerous 
clinical and basic studies on SLC26A4 gene-related HL 
(7). However, there remains a gap in comprehensively 
exploring the current research status and future 

trends of SLC26A4 in HL through the lens of a 
scientific knowledge graph. Research in this field has 
mainly explored specific topics without thoroughly 
examining research evolution from an international and 
comprehensive standpoint and without using knowledge 
graph tools for multi-angle visual research. Moreover, 
there is a lack of in-depth investigation into research 
hotspots, emerging frontiers, and evolving topic trends.
 This study utilized bibliometric tools including 
Bibliometrix, CiteSpace, and VOSviewer to analyze and 
visualize a scientific knowledge map of the SLC26A4 
gene in HL research. International literature published 
between 1994 and 2023 was retrieved from the Web 
of Science Core Collection database. In addition, this 
study analyzed key information in this field, including 
journals, countries, institutions, authors, keywords, 
and references. The goal of this study was to assess 
research hotspots and trends in SLC26A4 gene research 
in HL, providing a reference and direction for follow-up 
research.
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SUMMARY: This article aims to identify research hotspots and trends in research on SLC26A4 gene-related hearing 
loss through bibliometric and visual analyses, providing a reference and direction for future research. Publications on 
SLC26A4 gene research in hearing loss from 1994 to 2023 were retrieved from the Web of Science Core Collection 
database. Bibliometric analysis was conducted using the Bibliometrix 4.0.0 R package, CiteSpace 6.2.R6 software, 
and VOSviewer 1.6.20. The analysis encompassed journals, authors, keywords, institutions, countries, and references. 
Based on the analysis results, network maps were generated to evaluate collaborations among authors, countries, 
institutions, keyword co-occurrences, and co-citation references. This study identified 1,308 publications from 62 
countries. Annual publication numbers have increased with fluctuations, showing rapid growth since 2011. The USA 
emerged as the leading contributor in this field based on scientific production, citations, and cooperation networks. 
International Journal of Pediatric Otorhinolaryngology had the highest number of publications, while Laryngoscope 
was the most cited journal. Harvard University was the most productive institution. Key researchers included Dai 
Pu, Griffith Andrew J., and Usami Shin-Ichi. There have been active collaborations between countries, authors, and 
institutions. The primary research topics focused on genotype-phenotype correlations, genetic screening, diagnostic 
advancements, and exploration of pathogenic mechanisms. Research on SLC26A4 gene-related hearing loss has notably 
increased since 2011, with ongoing clinical investigations and basic research efforts. Future studies may further explore 
disease mechanisms and potential therapeutic interventions related to the SLC26A4 gene.
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2. Materials and Methods

2.1. Data collection

We conducted a comprehensive search of the science 
citation index expanded (SCI-E) database in the Web 
of Science Core Collection to obtain all relevant 
publications. A search query was conducted using 
the following formula: (TS = "SLC26A4" OR TS = 
"SLC26A4 gene" OR TS = "Pendred syndrome" OR TS 
= "Pendred syndrome gene" OR TS = "PDS" OR TS = 
"PDS gene" OR TS = "large vestibular aqueduct" OR 
TS = "large vestibular aqueduct syndrome" OR TS = 
"enlarged vestibular aqueduct" OR TS = "large vestibular 
canal" OR TS = "large vestibular canal malformation") 
AND (TS = "hearing" OR TS = "auditory" OR TS 
= "audiological" OR TS = "audiology" OR TS = 
"hearing loss" OR TS = "deafness" OR TS = "hearing 
impairment" OR TS = "hearing disorder" OR TS = 
"hearing defect" OR TS = "hearing handicap" OR TS = 
"hearing difficulty").

2.2. Screening criteria

The retrieval period spanned from January 1994 
to December 2023, and the search language was 
limited to English. This search strategy yielded 1,578 
records collected on March 25, 2024. Subsequently, 
we filtered the results by document type to include 
only articles. Reviews, editorials, letters to the editor, 

retracted publications, book chapters, meeting abstracts, 
proceedings, and papers with early access were excluded. 
After applying the inclusion criteria, 1,308 publications 
were ultimately included in this study. The study design 
is illustrated in Figure 1.

2.3. Bibliometric analysis

Bibliometric analysis and visualization were conducted 
using Bibliometrix (version 4.0.0), CiteSpace (version 
6.2.R6), and VOSviewer (version 1.6.20). Bibliometrix is 
an R package that provides scientific mapping workflow 
from data collection to data visualization. CiteSpace is 
a Java-based software made especially for bibliometric 
network analysis and visualization. VOSviewer is 
software used to construct and visualize bibliometric 
networks based on citation, co-citation, co-authorship, or 
term co-occurrence relations. Multiple points extracted 
from the dataset were used to conduct the bibliometric 
analysis, including journals, countries, institutions, 
authors, keywords, cited references, publication years, 
titles, abstracts, document types, number of citations, 
and time of citations. Additionally, the h-index and 
g-index, two crucial bibliometric metrics for exploring 
scientific production and impact, were gathered (9,10). 
The data were then imported into the bibliometric 
tools; Bibliometrix, CiteSpace, and VOSviewer for 
analysis. Network maps generated by these tools include 
collaboration networks, co-occurrence, and co-citation 
(11,12).

(56)

Figure 1. Data collection and bibliometric analysis of this study.



Intractable & Rare Diseases Research. 2025; 14(1):55-66.                              www.irdrjournal.comIntractable & Rare Diseases Research. 2025; 14(1):55-66.                              www.irdrjournal.com

(57)

and stable development; the second stage (2011–2017), 
demonstrating continuous and rapid development; and 
the third stage (2018-2023), indicating a fluctuating 
trend.

3.2. Core journals, authorship, and collaboration

3.2.1. Core journals based on Bradford's law

Bradford's law is an essential and fundamental principle 
in bibliometric analysis that describes the distribution 
of scientific publications in journals (13,14). The 
core journals were analyzed using Bradford's law 
(Supplemental Figure S1, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=236). The 1,308 
articles published in 337 journals, and the top 10 most 
productive journals are listed in Table 2. These top 
journals published up to 32.34% (423/1,308) articles 
and represented only 2.97% (10/337) of all journals. 
The top 3 journals were the International Journal of 
Pediatric Otorhinolaryngology, Otology & Neurotology, 
and Acta Oto-Laryngologica, with 115, 81, and 48 
published articles, respectively. Table 2 displays the NP, 
total citations (TC), h-index, g-index, and core journal 
categories. Laryngoscope ranked first in TC (1792), 
h-index (24), and g-index (42), while Ear and Hearing 
ranked first in Journal Impact Factor (JIF) quartile (Q1).

3.2.2. Scientific production and cooperation of countries

A total of 62 countries and regions were involved in 
the publication of research. As shown in Figure 3A, 
the countries and regions with the top three scientific 
production in this field are the United States, China, 
and Japan. The United States ranked first with 
329 publications and led in terms of TC (13,548) 
(Supplemental Table S1, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=236). Figure 3B 
displays the average article citation counts for leading 
scientific nations, with France, the United Kingdom, the 
USA, and Australia ranking highest.
 Cooperation between countries generated by 
CiteSpace is shown in Figure 3c, and a country 
collaboration map created via Bibliometrix is presented 
in Supplemental Figure S2 (https://www.irdrjournal.com/
action/getSupplementalData.php?ID=236). According 
to the cooperation network, the more visible significant 
collaborations are the connections between the USA 
and European countries, such as Italy and Germany, 
and Asian countries, such as China and Japan. A close 
cooperation sub-network was observed among European 
countries.
 International cooperation is correlated with the ratio 
of multiple-country production (MCP) to single-country 
production (SCP) and can be evaluated by the percentage 
of MCP in the total NP. The findings of this dataset (Figure 
3A; Supplemental Table S1, https://www.irdrjournal.

2.4. Statistical analysis

Bibliometrix analysis included key information from the 
dataset such as annual publications, journal production, 
publication citations, countries' production, institutions' 
production, authors' production, cited references, core 
journals based on Bradford's law, country collaboration 
maps, author productivity according to Lotka's law, 
and author's production over time. CiteSpace analysis 
included collaboration networks and the centrality 
value of countries, institutions, and authors; keywords 
with the strongest citation bursts; and the co-citation 
reference network. VOSviewer was used to generate a 
co-occurrence network and keyword clusters.

3. Results

3.1. Annual global publication volume

Between 1994 and 2023, 1,308 articles related to 
SLC26A4 gene-related HL were published worldwide 
(Table 1). The annual publication trends show a 
fluctuating increase, as shown in Figure 2. The number 
of papers published in 1999, 2001, 2011, 2013, 2016, 
and 2017 showed rapidly increasing trends. The 
highest number of publications (NP) (80) was in 2017. 
The overall increase in publications can be roughly 
categorized into three stages based on yearly scientific 
production: the first stage (1994–2010), showing slow 

Figure 2. Total publications and annual publication distribution of 
research on SLC26A4 gene-related hearing loss from 1994 to 2023. 
The blue bars represent the accumulation of articles, while the orange 
line demonstrates the annual scientific production.

Table 1. Main information from the dataset used in this 
study after manual screening

Main Information

Timespan
Documents
Keywords
Reference
Countries
Institutions
Authors
Journals
Language

Details

1994-2023
  1,308
  2,116
21,197
       62
  1,515
  5,792
     337
English

https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
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com/action/getSupplementalData.php?ID=236) show 
that the countries with the highest cooperation rates are 
Belgium (43.33%), Germany (35.00%), and the United 
Kingdom (33.33%). Centrality measures the likelihood 
of the shortest path passing through a node and reflects 
its importance in the network. Countries with the top 
five centralities were the United States (0.65), Germany 
(0.25), the United Kingdom (0.22), France (0.17), and 
Italy (0.11), indicating that these five countries also have 
significant roles in this field (Figure 3C; Supplemental 
Table S1, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=236).

3.2.3. Scientific production and cooperation of 
institutions

The top 10 contributing institutions were located in the 
USA, South Korea, China, and Japan (Supplemental 
Table S2, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=236). Regarding the NP, 
Harvard University and Harvard Medical School ranked 
the highest. With regard to the total global citations, the 
National Institutes of Health (NIH), USA, and the NIH 
National Institute on Deafness and Other Communication 
Disorders (NIDCD) take the lead.
 The cooperation network of institutions (Figure 4A) 
demonstrated close collaboration and connections among 
research institutions focusing on SLC26A4 gene research 
in HL. Affiliated institutions from various nations are 
dispersed and intimately connected across the map, 
particularly because institutions within the same region 
collaborate more frequently.

3.2.4. Scientific production and cooperation of authors

Lotka's law is a bibliometric and information 
science principle that characterizes the productivity 
distribution of authors on a specific topic (15). The 
authors' productivity using Lotka's law is shown in 
Supplemental Figure S3 (https://www.irdrjournal.
com/action/getSupplementalData.php?ID=236). 
The top three productive authors in terms of NP, TC, 
and h-index were Dai Pu from China (32, 791, and 
15, respectively), Griffith Andrew J. from the USA 
(29, 1,409, and 20, respectively), and Usami Shin-
Ichi from Japan (29, 1,204, and 18, respectively) 
(Supplemental Table S3, https://www.irdrjournal.com/
action/getSupplementalData.php?ID=236). According 
to scientific production over time, the top 10 authors 
(Supplemental Figure S4, https://www.irdrjournal.
com/action/getSupplementalData.php?ID=236) are 
from China, USA, Japan, South Korea, and Taiwan. 
Griffith Andrew J., Smith Richard J. H., and Usami 
Shinichi have been active in this field since 1996, 1997, 
and 1999, respectively. Other researchers joined and 
contributed development in 2005. By 2008, nine of the 
top 10 authors were dedicated to this field.
 Figure 4B shows the collaboration network map 
of the authors. Numerous closely connected domestic 
and international clusters exist within the authors' 
collaborative networks. The authors were divided into 
several clusters that exhibited close internal interactions. 
For instance, Griffith Andrew J. from NIH engaged 
with research teams in the USA, Japan, South Korea, 
and Taiwan. Dai Pu, Yuan Yongyi, and Huang Shasha, 

Table 2. Top 10 most productive journals sorted by number of publications

Journals

1. International Journal of Pediatric Otorhinolaryngology

2. Otology & Neurotology

3. Acta Oto-Laryngologica

4. Laryngoscope

5. Plos One

6. European Archives of Oto-Rhino-Laryngology

7. Ear and Hearing

8. Journal of Laryngology and Otology

9. Annals of Otology, Rhinology, and Laryngology

10. Clinical Genetics

NP: number of publications; TC: total citations; JIF: Journal Impact Factor; JCR: Journal Citation Reports.

NP

115

  81

  48

  44

  40

  25

  19

  19

  16

  16

JIF quartile and JCR categories

Q3, Otorhinolaryngology
Q4, Pediatrics

Q3, Otorhinolaryngology
Q4, Clinical Neurology

Q4, Otorhinolaryngology

Q2, Otorhinolaryngology
Q3, Medical, research, and experimental

Q2, Multidisciplinary sciences

Q2, Otorhinolaryngology

Q1, Otorhinolaryngology,
Q1,Audiology, and speech-language 
pathology

Q3, Otorhinolaryngology

Q4, Otorhinolaryngology

Q2, Genetics and heredity

TC

1,168

1,624

   645

1,792

1,252

   251

   251

   221

   670

   618

h-index

20

24

15

24

21

11

10

10

13

13

g-index

34

37

23

42

34

15

15

14

16

16

https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
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from the same institution, were also very close to the 
collaboration map.

3.3. Research on trending topics

3.3.1. Trending topics derived from keyword co-
occurrence and clustering

The most frequent keyword visualization is presented 
in a word cloud map (Supplemental Figure S5, https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=236). A keyword co-occurrence network 
was generated using VOSviewer to explore keyword 
co-occurrence and clustering further. A total of 193 
keywords, each with a minimum occurrence of 20, were 
used to generate the network plot (Figure 5). Using 
VOSviewer, three clusters — green, blue, and red 
(Figure 5A) — representing various research topics were 

identified. Additionally, the average citations of these 
keywords were generated and displayed in Figure 5B.

3.3.2 Trending topics bursts based on keywords

The top 25 keywords with the strongest citation 
bursts in research are demonstrated in Supplemental 
Figure S6, https://www.irdrjournal.com/action/
getSupplementalData.php?ID=236. The blue line 
represents the period from 1994 to 2023, while the red 
line indicates the interval between the burst keywords. 
The keywords with the highest burst strength over the 
past 30 years are "large vestibular aqueduct" (13.94), 
"sensorineural HL" (13.76), and "spectrum" (11.01). 
Other burst keywords in the last 5 years contain 
"genotype" (2019–2023), "inner ear malformation" 
(2019–2023), and "guidelines" (2020–2023). From 
1994 to 2003, trending topics included "large vestibular 

Figure 3. Countries' scientific productions and collaboration relationships. (A) Scientific production and international collaboration by 
countries. MCP represents multiple-country production, and SCP represents single-country production; (B) Average article citations by countries; 
(C) Collaboration network of countries. Each node's size represents the citations of each country. Node colors closer to the center indicate earlier 
publication years, while exterior colors indicate more recent publication years. The purple circle represents the node's centrality ≥ 0.1, and the circle's 
size is proportional to the centrality value.

https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
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Figure 4. Collaboration network. (A) Institutions' collaboration network. (B) Authors' collaboration network. Each node's size represents the 
citations for each institution or author. Node colors closer to the center indicate earlier publication years, while exterior colors indicate more recent 
publication years. The purple circle represents the node's centrality ≥ 0.1, and the circle's size is proportional to the centrality value.
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aqueduct", "sensorineural HL", "linkage", and 
"endolymphatic sac", focusing more on phenotype and 
tentative anatomical explorations of SLC26A4 gene-
related HL.

3.4. Hotspots derived from publication and reference co-
citation

3.4.1. Principal publications

Based on each publication's citation frequency, 
Bibliometrix was used to determine which articles were 
the most cited globally. Supplemental Table S4 (https://
www.irdrjournal.com/action/getSupplementalData.
php?ID=236) lists the relevant data for these influential 
publications. The most globally cited publication was 
published by Everett et al. in 1997 (3), focusing on 
identifying SLC26A4 gene mutations associated with 
Pendred syndrome. Three other highly globally cited 

publications by Scott et al. (16), Royaux et al. (17), and 
Everett et al. (5) in 1999, 2001, and 2001, respectively, 
launched new areas of investigation into SLC26A4 
and pendrin proteins, exploring inner ear pathology 
associated with SLC26A4 gene mutations through cell 
experiments and animal models.

3.4.2 Hotspots' evolution trends derived from cited 
references

Cited references form the scientific foundation 
of a specific research area (18). Supplemental 
Table S5 (https://www.irdrjournal.com/action/
getSupplementalData.php?ID=236) presents the top 
10 references in the field with the highest citations. 
The top three cited references are Everett et al. (1997) 
(3), Valvassori and Clemis (1978) (19), and Park et 
al. (2003) (2). These references primarily discuss the 
mutation frequencies and spectrum of the SLC26A4 

Figure 5. Co-occurrence network of keywords. (A) Clusters; (B) Keywords' average citations. Minimum number of occurrences for a term is set 
at 20, resulting in 193 keywords meeting the threshold. The relative distance between two nodes generally indicates the intensity of their association, 
and the size of nodes is proportional to the frequency of keywords. Keywords with larger circles indicate research hotspots.

https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
https://www.irdrjournal.com/action/getSupplementalData.php?ID=236
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gene and genotype-phenotype correlations.
 To investigate the theoretical underpinnings 
of the research, we used CiteSpace to create a co-
citation network of references. The largest 15 clusters 
are summarized in Figure 6. Node significance is 
encapsulated by citation metrics such as counts and 
bursts, as well as network metrics like betweenness and 
degree centralities.
 The largest cluster (#0) included 110 members 
and had a silhouette value of 0.853. The most cited 
members of this cluster are Richards et al. (2015) (20) 
and Miyagawa et al. (2014) (21). The second-largest 
cluster (#1) had 102 members with a silhouette value 
of 0.885. The most cited members of this cluster are 
Pryor et al. (2005) (22) and Albert et al. (2006) (23). 
The third-largest cluster (#2) had 88 members and a 
silhouette value of 0.915. The most cited members of 
this cluster are Everett et al. (1997) (3) and Li et al. 
(1998) (4).

4. Discussion

This study utilized bibliometric and visual analysis tools 
to conduct a comprehensive analysis of research literature 
on SLC26A4 gene-related HL within the Web of Science 
database. A total of 1,308 publications by 5,792 authors 
from 337 journals were obtained, providing an overview 
of the research landscape, frontiers, hotspots, and trends. 
From 1994 to 2023, the annual publications increased 
with fluctuations in three stages. A rapid increase was 
observed between 2011 and 2017.
 Core journal analysis revealed that International 
Journal of Pediatric Otorhinolaryngology published 
the most papers. Noteworthy contributions have been 
made by Laryngoscope, Ear and Hearing, and other 
core journals in terms of TC and JIF. Regarding the 
TC of publications, Everett et al.'s (3) publication in 
Nature Genetics was the most frequently cited, with 888 
citations.

Figure 6. Co-citation reference network with cluster visualization. The size of each node represents the number of citations for each reference.
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 Approximately 5% of the global population suffers 
from HL issues, with 3-5% of these cases attributed to 
mutations in the SLC26A4 gene, which vary by ethnicity 
(24-26). Studies on nonsyndromic deafness reported 
biallelic mutations in the SLC26A4 gene were present 
in 2% to 3.5% of Caucasian patients (27-29), while 
these mutations frequencies were higher in East Asian 
patients, ranging from 5.5% to 12.6% (21,30-32). The 
c.716T>A mutation was the most commonly observed 
in Turkey and Pakistan (2), whereas c.1238A>G and 
c.919-2A>G occurred more frequently as mutations in 
Iran (33,34) and c.919-2A>G and c.1334C>T were more 
commonly found in East Asia (21,35,36). Given the 
wide mutation spectrum of the SLC26A4 gene, its related 
hearing loss has attracted global attention, involving 
researchers from 62 countries. The USA (25.15%), China 
(23.85%), and Japan (7.34%) ranked among the top 
three contributing countries, accounting for 56.35% of 
the total publications. The USA had the most influential 
impact in this field based on scientific output, average 
article citations, and cooperation networks. Notably, 
publications from France, the United Kingdom, and 
Australia also received high-average article citations, 
indicating high-quality research. The USA, Germany, 
the United Kingdom, France, and Italy have had high 
centrality in recent decades, which indicates that related 
research in this field from these countries is taking a 
leading place. Additionally, we found that the rate of 
international cooperation is generally higher in European 
countries than in non-European countries and higher in 
developed countries than developing ones. Contributions 
in this field from various countries could differ for 
various reasons, including differences in the ethnicity of 
patients with HL, diverse cultural backgrounds, financial 
factors, and medical levels.
 Universities and public research institutes are the 
prominent affiliated institutions involved in research. 
Research institutions such as the NIH-USA, University 
of Iowa, NIDCD, University System of Ohio, Harvard 
University, Harvard Medical School, and the Chinese 
People's Liberation Army General Hospital contributed 
to high centrality. Close links were observed in the 
institutions' collaboration networks, suggesting that 
international cooperation among institutions is extensive.
 Dai (China), Griffith (USA), and Usami (Japan) were 
the three most productive authors in the field. Griffith, 
Usami, Smith, and Wangemann each received over 1,000 
citations in their publications. The top 15 productive 
authors were from China, the USA, Japan, Korea, and 
Taiwan. Compared to countries' collaboration networks 
and institutions' collaboration networks, we found that 
authors' collaboration networks showed fewer links 
and collaborative relationships, indicating potential for 
strengthening.
 Regarding research hotspots, reference co-citation 
networks reflect the fact that researchers are mainly 
focused on clinical diagnosis, treatment, intervention, 

and laboratory research. "The large vestibular aqueduct 
syndrome" published by Valvassori (1978), is considered 
a classic reference in this field, analyzing radiographic 
observations of patients (19). Burst keywords reflect 
emerging trends and research frontiers. Frequent 
keyword visualizations generated by VOSviewer classify 
the green, blue, and red clusters into three categories: 
clinical audiological and genetic diagnosis, genotype-
phenotype linkage and mechanical investigation, and 
clinical treatment. Certain keywords with low frequency 
(e.g., "iodide", "thyroid", "kidney", "endolymph") 
received more citations. This finding might indicate that 
although these topics have received widespread attention 
from researchers, the number of relevant studies still 
needs to be improved. The more regularly cited keywords 
among the more frequently occurring group were 
"Pendred syndrome", "cochlea", "cell", and "mouse". 
These keywords are related to clinical symptoms and 
pathogenic mechanisms. In the last 10 years, research 
on genotype-phenotype correlations, genetic screening, 
and diagnosis has progressed rapidly (7,21,37-39). 
Building on this progress, our research group has also 
focused on SLC26A4 gene-related hearing loss, including 
mutation analysis in Chinese families, the investigation 
of genotype-phenotype characteristics and the prediction 
models of hearing loss trajectory in children (40-42). 
We identified novel compound heterozygous mutations 
in SLC26A4, as well as mutations in related genes such 
as FOXI1 and KCNJ10 in infants with a single-allele 
SLC26A4 mutation (43,44).
 Around 1999, researchers started to expand the 
field to include "PDS gene", "goiter", "congenital 
deafness", "molecular analysis", "identification", 
"sulfate transporter", and "expression", which is more 
related to mechanism exploration and protein function. 
Since 1999, basic studies on animal and cell models 
have proliferated to explore its protein function and 
pathogenic mechanism (5,6,16,17,45). Genetic studies on 
patients with Pendred syndrome and mouse models have 
provided insights into the SLC26A4 gene. However, the 
exchange mechanism of the SLC24A4 coding protein, 
pendrin, remains unknown. With the development of 
experimental technologies, in 2023, single particle cryo-
electron microscopy and anion exchange assays were 
used to explore the structure and function of pendrin, 
providing a structural basis for understanding pendrin 
and SLC26A4 variants (46). A new era of precision gene 
therapy has emerged (47), with recent reports in 2024 of 
gene therapy for the treatment of children with OTOF 
gene-related HL (48). Moreover, several basic research 
articles have also investigated adeno-associated virus 
(AAV) gene replacement therapy for recessive hereditary 
hearing loss involving different genes (49,50). Among 
the datasets we analyzed, we found that there were also 
explorations into gene therapy with a recombinant adeno-
associated virus (rAAV) to transfect SLC26A4 cDNA in 
mouse models of SLC26A4 gene-related HL (51), and 
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another therapy of rescuing SLC26A4 gene-related HL 
with DNAJC14 overexpression via Japanese encephalitis 
virus (JEV) activation (52), in mice. In addition, the 
CRISPR/Cas9-mediated exon skipping strategy (53) and 
the antisense oligonucleotides (ASOs) strategy (54) have 
also been reported to be utilized in mouse models of 
SLC26A4 gene-related HL, indicating the feasibility of 
related therapy and providing a frontier research topic in 
this field, with potential challenges and opportunities.
 There are some limitations to this research: i) The 
literature database we utilized was only the Web of 
Science, which might have resulted in incomplete 
literature retrieval; ii) Analysis using bibliometric tools 
such as Bibliometrix, CiteSpace, and VOSviewer might 
be inconsistent with experts' viewpoints in this field; and 
iii) There might be a selection bias in the publications 
analyzed.

5. Conclusion

Over the past 30 years, the number of annual publications 
has generally increased. Researchers from the USA have 
been the most influential and productive in SLC6A4 gene 
research related to HL. Researchers from European and 
East Asian countries have also contributed significantly 
to the literature. Genotype-phenotype correlations, as 
well as genetic screening and diagnosis, are hot spots, 
alongside basic research on SLC26A4 gene-related 
pathogenic mechanisms that have received continuous 
attention. Future research should focus on gaining deep 
insights into SLC26A4 disease-associated mechanisms 
and therapeutic discoveries.
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