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To find the trend and hot points of deafness gene research in the nearly 10 years, a bibliometric analysis of literature in the fields from Web of 
Science was performed. Python 3.7, Gephi 0.9.2, and SPSS 22.0 were used for cleaning, restructuring, and analysis. A total of 2828 article docu-
ments were collected, which were from 651 Science Citation Index Expanded journals, 93 countries/regions, 18 199 authors, and 3148 organiza-
tions. PLoS One published more papers than other journals. Among the journals that published more than 30 papers, 10 journals were included 
in the genetics & heredity class. The top country/region with highest number of papers was United States. However, the top author and top 
affiliation was Dai Pu (China) and People’s Liberate Army General Hospital (China), respectively. The results of co-occurrence network, hierarchical 
clustering, and multidimensional scale analysis of keywords showed that 2 groups were classified. The 2 groups focused on the gene mutation 
of deafness and the research objects, methods, factors, and gene locus, respectively. Multidimensional scale analysis told the research character 
and some research details. The gene mutation and variant of family and population diseases were the hot points.
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INTRODUCTION
According to World Health Organization’s report,1 a person is said to have hearing loss if he or she is not able to hear or has hearing 
thresholds of 20 dB or better in both ears, and a person is said to be deaf if he or she has a profound hearing loss, which implies very 
little or no hearing, who often use sign language for communication. It was reported that over 5% of the world’s population—or 
around 466 million people—have disabling hearing loss (hearing loss greater than 40 dB in the better hearing ear in adults and 
a hearing loss greater than 30 dB in the better hearing ear in children), and 34 million of these are children. In children under 15 
years of age, 40% of hearing loss is attributed to unpreventable causes.1 Can we find the relative gene to protect cue hearing loss 
and deafness? It is the reason why the deafness gene is researched by otolaryngologists around the world. To explore the research 
trends and hotspots of deafness gene, we employed bibliometrics and a graph theory to study documents retrieved from the Web 
of Science (WoS).

Gephi (https://gephi.org), which was developed by Bastian et al.2 is an open-source computer program that can be used to  construct 
graph-based maps. Gephi can deal with a more than 20 000 nodes network and takes advantage of multi-core processors. It has 
been claimed that Gephi’s ForceAtlas2 has better measured quality, performance, and speed.3 Thus, using the above mentioned 
tools, we aimed to determine the trends in deafness gene research studies over the ten years.

MATERIALS AND METHODS

Data Collection
The data were collected from the WoS Core Collection,4 including the Science Citation Index Expanded (SCIE) and the Social Sciences 
Citation Index, on September 19, 2019. The keywords were detected with Medical Subject Headings (MeSH) (https ://ww w.ncb 
i.nlm .nih. gov/m esh). “Deafness,” “acquired deafness,” “extreme hearing loss,” “deaf mutism,” “complete hearing loss,” “bilateral 
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deafness,” “prelingual deafness,” “cistron,” “cistrons,” “genetic materi-
als,” “genetic material” were the terms researched. The timespan was 
from 2009 to 2018. The publication type of document was limited by 
article. The full records were exported to plain text files for analysis 
with Python 3.7. The pathway for selecting the papers is shown in 
Figure 1. The data were aggregated as secondary data without per-
sonal information. Thus, informed consent was not required.

Analysis
Data cleaning, data reorganization, the descriptive statistics and fig-
ures of publishing year, countries/regions, authors, and affiliations 
were done by Python 3.7. R was used for two-side statistical analysis 
with α = 0.05. The difference among group were accounted by χ2 test.

Five keywords per article were extracted from the abstract of all 
documents with jieba package for Python 3.7. According to Zip’s sec-
ond law5 and cumulative frequency of word frequency (34%),6-8 the 
dividing word frequency of high-frequency keywords is determined. 
KeyWords plus® (ID-keywords) and the papers’ WoS categories also 
were used to analyze the research topic.

The class was determined by modularity9,10 using Gephi 0.9.2. 
Modularity is a measure of the relative density of a netwbeork.  
A community (called a module or modularity class) has high density 
relative to other nodes in its module but low density relative to those 
outside.11 ForceAtlas2 was used to draw the network.

Eigenvector centrality and betweenness centrality were addressed 
using Gephi 0.9.2. Eigenvector centrality,12 also called eigencentral-
ity, is a measure of the influence of a node in a network. It assigns 
relative scores to all nodes in the network based on the concept that 
connections to high-scoring nodes contribute more to the score of 
the node in question than equal connections to low-scoring nodes. 
Betweenness centrality13,14 is a measure of centrality in a graph based 
on shortest paths. The betweenness centrality for each vertex is the 
number of these shortest paths that pass through the vertex. As a 

result, betweenness centrality of a vertex can express the degree to 
which nodes stand between each other.

Using SPSS 22.0 (IBM SPSS Corp.; Armonk, NY, USA) hierarchical 
clustering and multidimensional scale analysis were carried out on 
the co- occurrence matrix of high-frequency keywords, applica-
tion year high- frequency keyword occurrence matrix, and sub-
ject high-frequency keyword occurrence matrix. The hierarchical 
clustering of high-frequency keyword co-occurrence matrix uses 
“Euclidean distance” to transform data and uses Ward method to 
cluster. For multidimensional scale analysis of high-frequency key-
word co-occurrence matrix, namely alternating least-squares algo-
rithm (ALSCAL) method is used to calculate and select “Euclidean 
distance” in interval measurement, select “original” in “level of 
measurement” in model dialog box, and check “untie tied observa-
tions.” Whether the model fit is reasonable is judged by stress value 
<20% and namely, r-squared (RSQ) > 0.6.

RESULTS

General
There are 2828 article documents analyzed in the research. Figure 2 
shows that 2015 published more articles (319 articles) than other 
years, while 2009 published much less than others. On average, there 
were 282 articles published per year. There was no significant differ-
ence among the years (χ2=13.03, P = .16).

All documents came from 651 journals. On average, 4.34 papers were 
published per journal (median 1.00 papers; lower and upper quar-
tiles were 1.00 and 3.00, respectively). The journals publishing more 
than 30 papers (18 journals, 2.76%, Figure 3 and Table 1) published 
36.42% (1030) of all documents.

Based on the number of documents (Table 1), PLoS ONE published 
the most articles (168 papers). Among the 18 journals, there were 
8 journals from the United States, followed by England (4 journals), 
Netherlands (2 journals), Denmark (1 journal), Norway (1 journal), 
Ireland (1 journal), and Japan (1 journal). All journals were included in 
SCIE. The journals were categorized as follows: 

• Genetics & heredity (n = 10)
• Otorhinolaryngology (n = 4)
• Biochemistry & molecular biology (n = 3)

Figure 1. The progress of selecting papers. Figure 2. The trend of the article documents from 2009 to 2018.
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• Multidisciplinary sciences (n = 3)
• Audiology & speech-language pathology (n = 1)
• Biophysics (n = 1)
• Clinical neurology (n = 1)
• Neurosciences (n = 1)
• Pediatrics (n = 1)

However, there were 8, 7, 7, and 3 journals in Q1, Q2, Q3, and Q4, 
respectively. The average 2020 impact factor (IF) was 4.19 among  
the 18 journals (Table 1). The articles published on Q2 journals  
(339 articles, 32.91%) were more than other quartile zones, fol-
lowed by Q3 (318 articles, 30.87%), Q1 (252 articles, 24.47%), and  
Q4 (121 articles, 11.75%).

Figure 3. The journals publishing more than 30 articles about deafness gene in 2009 to 2018.

Table 1. The Information of Journals Publishing More Than 30 Articles About Deafness Gene Per Journal in 2009 to 2018

Sources
Number of 
Documents

Country
2020 Impact 

Factor
2020 

Quartile
Categories

PLoS One 168 USA 3.240 Q2 Multidisciplinary sciences—SCIE

International Journal of Pediatric 
Otorhinolaryngology

162 Ireland 1.675 Q3 Otorhinolaryngology—SCIE

Q3 Pediatrics—SCIE

American Journal of Medical Genetics Part A 88 USA 2.802 Q3 Genetics & heredity—SCIE

Human Molecular Genetics 53 England 6.150 Q1 Biochemistry & molecular biology—SCIE

Q1 Genetics & heredity—SCIE

Clinical Genetics 53 Denmark 4.438 Q2 Genetics & heredity—SCIE

European Journal of Human Genetics 46 England 4.246 Q2 Biochemistry & molecular biology—SCIE

Q2 Genetics & heredity—SCIE

Human Mutation 45 USA 4.878 Q1 Genetics & heredity—SCIE

Scientific Reports 44 England 4.380 Q1 Multidisciplinary sciences—SCIE

American Journal of Human Genetics 44 USA 11.025 Q1 Genetics & heredity—SCIE

Acta Oto-Laryngologica 43 Norway 1.494 Q4 Otorhinolaryngology—SCIE

BMC Medical Genetics 39 England 2.103 Q4 Genetics & heredity—SCIE

Genetic Testing and Molecular Biomarkers 39 USA 1.795 Q4 Genetics & heredity—SCIE

Otology & Neurotology 36 USA 2.311 Q2 Otorhinolaryngology—SCIE

Q3 Clinical neurology—SCIE

Gene 36 Netherlands 3.688 Q2 Genetics & heredity—SCIE

Biochemical and Biophysical Research 
Communications

35 USA 3.575 Q3 Biochemistry & molecular biology—SCIE

Q2 Biophysics—SCIE

Proceedings of The National Academy of 
Sciences of The United States of America

33 USA 11.205 Q1 Multidisciplinary sciences— SCIE

Journal of Human Genetics 33 Japan 3.172 Q3 Genetics & heredity—SCIE

Hearing Research 33 Netherlands 3.208 Q1 Audiology & speech-language 
pathology—SCIE

Q3 Neurosciences—SCIE

Q1 Otorhinolaryngology—SCIE

SCIE, Science Citation Index Expanded.
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There were 26 documents (0.92%) published in the top 10 jour-
nals based on the IF in 2020 journal citation reports (Table 2). From 
Table 2, it was shown that New England Journal of Medicine had the 
top IF (91.245), but only one paper was published in the journal while 
Nature published the most articles (7 papers). There were 8 journals 
from the United States, followed by England (3 journals). The journals 
(Table 2) were categorized as follows: 

• Medicine, general, & internal (n =3)
• Biochemistry & molecular biology (n = 2)
• Cell biology (n = 2)
• Biotechnology & applied microbiology (n = 1)
• Clinical neurology (n = 1)
• Medicine, research, & experimental (n = 1)
• Multidisciplinary sciences (n = 1)
• Genetics & heredity (n = 1)
• Immunology (n = 1)

Countries/Regions
There were 93 countries/regions (Figure 4) focused on the study of 
deafness gene. On average, 1 country/region published 30.41 papers 
in the field. The United States listed in the top with 852 papers, fol-
lowed by the People’s Republic of China (509 papers), Germany 
(242 papers), Japan (233 papers), England (208 papers), France (208 
papers), Italy (204 papers), Netherlands (134 papers), South Korea 
(111 papers), and Iran (94 papers).

According to the Eigenvector centrality, United States (1.00), 
England (0.97), Germany (0.93), France (0.92), Netherlands (0.89), 
Canada (0.88), Italy (0.88), Turkey (0.86), Japan (0.84), and Australia 
(0.83) listed in the top 10. Meanwhile, United States (609.12), 
Germany (319.44), England (231.46), France (220.13), Japan (179.41), 
Turkey (177.86), Canada (164.91), India (142.54), Iran (125.18), and 
Italy (117.42) were the top 10 countries based on the betweenness 
centrality.

Authors and Affiliations
From the articles, 18 199 authors were extracted, and 261 authors 
were found in an article.15 On average, there were 8.88 authors per 
paper and 1 author published 0.16 papers. Dai Pu from People’s 
Liberate Army General Hospital (China) had authored 52 papers in 
the subject from 2009 to 2018 and was listed in the top 1 (Table 3). 

When the author’s frequency was filtered by 6-52, there were 
29 groups separated based on the modularity class of Gephi 0.9.2. 
There were 9 groups with more than 10 members (Figure 5A). The 
groups were named by the author’s name, whose Eigenvector cen-
trality score listed top in his group. They were Dai Pu group (55 mem-
bers), Smith Richard J. H. group (43 members), Liu Xuezhong group 
(27 members), Kim Unkyung group (20 members), Guan Minxin 
group (19 members), Usami Shinichi group (16 members), Van 
Camp Guy group (14 members), Griffith Andrew J. group (13 mem-
ber), Huygen Patrick L. M. group (12 members). Figure 5B detected 
the important authors through Eigenvector centrality score. The 
top 10 included Dai Pu (People’s Liberate Army General Hospital), 
Han Dongyi (People’s Liberate Army General Hospital), Yuan Yongyi 
(People’s Liberate Army General Hospital), Kang Dongyang (People’s 
Liberate Army General Hospital), Wang Guojian (People’s Liberate 
Army General Hospital), Liu Xuezhong (University of Miami), Huang 
Shasha (People’s Liberate Army General Hospital), Smith Richard J. H.  
(University of Iowa), Han Bing (People’s Liberate Army General 
Hospital), Yu Fei (People’s Liberate Army General Hospital). Figure 5C 
shows the active authors. Liu Xuezhong (University of Miami) got 
the top followed by Li Huawei (Fudan University), Dai Pu (People’s 
Liberate Army General Hospital), Lin Xi (Emory University), Smith 
Richard J. H. (University of Iowa), Tekin Mustafa (University of Miami), 
Han Bing (People’s Liberate Army General Hospital), Han Dongyi 
(People’s Liberate Army General Hospital), King Maryclaire (Univ 
Washington). Each of those betweenness centrality score was more 
than 500. Otherwise, it was found that Dai Pu (People’s Liberate 
Army General Hospital) cooperated with Liu Xuezhong (University of 
Miami), Li Huawei (Fudan University), and Lin Xi (Emory University).

Table 2. Top 10 Journals Based on Impact Factor in 2020 Journal Citation Reports (JCR)

Sources
Number of 
Documents

Country
JCR

2020 IF 2020 Quartile Categories

New England Journal of Medicine 1 USA 91.245 Q1 Medicine, general, & internal—SCIE

Lancet 1 USA 79.321 Q1 Medicine, general, & internal—SCIE

JAMA - Journal of the American Medical Association 1 USA 56.272 Q1 Medicine, general, & internal—SCIE

Nature 7 England 49.962 Q1 Multidisciplinary sciences—SCIE

Cell 4 USA 41.582 Q1 Biochemistry & molecular biology—SCIE

Q1 Cell biology—SCIE

Nature Biotechnology 3 USA 54.908 Q1 Biotechnology & applied microbiology—SCIE

Nature Medicine 1 USA 53.440 Q1 Biochemistry & molecular biology—SCIE

Q1 Cell biology—SCIE

Q1 Medicine, research, & experimental—SCIE

Lancet Neurology 1 England 44.182 Q1 Clinical neurology—SCIE

Nature Genetics 6 USA 38.33 Q1 Genetics & heredity—SCIE

Immunity 1 USA 31.745 Q1 Immunology—SCIE

SCIE, Science Citation Index Expanded.
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In all, 3148 organizations published articles in the deafness gene 
field. On average, 3.00 organizations published 1 paper, and 1 organi-
zation published 0.91 articles. One article15 with 57 co-organizations 
listed in the top in the study. The top 10 organizations were People’s 
Liberate Army General Hospital (98 papers, China), University of 
Miami (68 papers, USA), Radboud University Nijmegen (68 papers, 
Netherlands), the University of Iowa (62 papers, Italy), Harvard 
University (51 papers, USA), Shinshu University (46 papers, Japan), 
Fudan University (46 papers, China), Shanghai Jiao Tong University 
(44 papers, China), National Institute of Deafness and Other 
Communication Disorders (44 papers, USA), and Baylor College of 
Medicine (43, USA).

There were 160 organizations with the frequency between 10 and 98, 
whose cumulative frequency was 36.93%. From Figure 6A, 19 groups 
were found based on the modularization.9,10 Though People’s 
Liberate Army General Hospital (China, 0.15 and 333.9) got the high-
est frequency, the Eigenvector centrality score and betweenness 
centrality score were lower than Harvard University (USA, 1.00 and 
1166.75) (Figure 6B-C). It was followed by University of Amsterdam 
(Netherlands, 0.72), University of Groningen (Netherlands, 0.59), 
Charite (Germany, 0.59), and University of British Columbia (Canada, 
0.59) based on Eigenvector centrality score and followed by Radboud 
University Nijmegen (Netherlands, 1080.72), University of Miami 
(USA, 1001.92), Baylor College of Medicine (USA, 499.97), and Emory 
University (USA, 455.93) based on betweenness centrality score.

Keywords and Subjects
From 2828 abstracts, 2858 keywords were extracted by Python. The 
high-frequency keywords were shown in Table 4, and the total cumu-
lative frequency of these keywords was more than 48%. They were 
divided into 4 groups based on the modularity class with modularity 

score 0.315 (reflecting the quality of class), and each group was 
named with the word who had the highest Eigenvector centrality 
score in its own group. As a result, the 4 groups were mutation group 
(including 15 words), cell group (including 6 words), hearing group 
(including 2 words), and syndrome group (including 2 words). These 
also could be viewed from the co-occurrence network (Figure 7A). 
The top 5 keywords based on Eigenvector centrality were mutation, 
gene, patient, hearing, and loss (Table 4). The top 5 keywords based 
on betweenness centrality were mutation, gene, family, GJB2, and 
patient (Table 4, Figure 7B). Mutation and gene listed the top accord-
ing to all bibliometric indicators. 

There were 2786 papers with the content of ID-keywords. 5595  
ID-keywords were extracted and analyzed by Gephi 0.9.2. According 
to Table 5, the citing references of 2786 papers mainly focused on the 
gene research of deafness because of the inner ear of family diseases 
or Pendred syndrome. 

Hierarchical clustering (Table 4) of 25 high-frequency keywords has 
shown that 2 groups were classified. Group 1 includes mutation, 
hearing, loss, gene, patient, family, and GJB2, and other keywords 
were collected in group 2. Group 1 indicated that the documents 
focused on the gene mutation of deafness. Group 2 has shown the 
research objects, methods, factors, and gene locus. The phenomena 
also were discovered by the multidimensional scale (Figure 7C). 

As the stress value (6.24%) and RSQ (0.99) were both reasonable, 
the multidimensional scale got the high model fit. So, the result 
was reliable. The keywords were classified with X-axis zero scale in 
Figure 7D. Group 1 was on the left of X-axis zero scale, and group 
2 on the other side. The keywords in the group 1 were all farther from 
Y-axis zero scale than that in group 2. The keywords above Y-axis zero 

Figure 4. The heatmap of countries/regions based on the number of papers about deafness gene.
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scale indicated the research character, namely which told that the 
disease’s causes were the mutation or variant of relative gene. The 
keywords below Y-axis zero scale gave the research details, namely 
which told that the research focused on the patients about hearing, 
syndrome or family disease, hair cell, GJB2 or (and) SLC26A4 gene loci. 

The keywords from Dai Pu and Smith Richard J. H.’s articles were 
analyzed, respectively. Figure 8A shows the co-occurrence network 
of keywords from Dai Pu’s articles. The top 10 keywords based on 
the Eigenvector centrality score were mutation (1.0 score, 33 times), 
hearing (0.73 score, 23 times), patient (0.67 score, 16 times), family 

Table 3. Authors Published More Than 20 Articles About Deafness Gene From 2009 to 018

Author Number of Documents Eigenvector Centrality Betweenness Centrality

Dai Pu (People's Liberat Army Gen Hosp) 52 1.00 1303.29

Smith Richard J. H. (Univ Iowa) 44 0.72 930.20

Usami Shinichi (Shinshu Univ) 42 0.22 139.15

Nishio Shinya (Shinshu Univ) 38 0.14 86.94

Kim Unkyung (Kyungpook Natl Univ) 33 0.13 213.36

Tekin Mustafa (Univ Miami) 32 0.36 687.22

Yuan Yongyi (People's Liberat Army Gen Hosp) 32 0.85 135.08

Han Dongyi (People's Liberat Army Gen Hosp) 31 0.95 636.89

Choi Byung Yoon (Seoul Natl Univ) 30 0.05 1.93

Liu Xuezhong (Univ Miami) 30 0.76 2092.58

Huang Shasha (People's Liberat Army Gen Hosp) 27 0.74 43.06

Kremer Hannie (Radboud Univ Nijmegen) 25 0.22 246.40

Wang Guojian (People's Liberat Army Gen Hosp) 25 0.77 93.25

Friedman Thomas B. (Natl Inst Deafness & Other Commun Disorders) 25 0.52 294.98

Avraham Karen B. (Tel Aviv Univ) 25 0.04 106.00

Kang Dongyang (People's Liberat Army Gen Hosp) 24 0.84 77.05

Van Camp Guy (Univ Antwerp) 23 0.11 35.61

Najmabadi Hossein (Univ Social Welf & Rehabil Sci) 23 0.42 90.00

Yan Denise (Univ Miami) 23 0.44 470.23

Kim Ah Reum (Seoul Natl Univ) 23 0.05 1.93

Lee Kyuyup (Kyungpook Natl Univ) 23 0.08 1.03

Shearer A. Eliot (Univ Iowa) 22 0.54 208.93

Wu Hao (Shanghai Jiao Tong Univ) 22 0.02 0.00

Wang Qiuju (People's Liberat Army Gen Hosp) 22 0.44 373.57

Yang Tao (Shanghai Jiao Tong Univ) 21 0.02 0.00

Huygen Patrick L. M. (Radboud Univ Nijmegen) 20 0.27 246.93

Figure 5. The co-occurrence network based on authors. (A) Nodes size and color based on the frequency and modularity class, respectively; (B) nodes size and 
color based on the Eigenvector centrality; (C) nodes size and color based on the betweenness centrality (the lines between the nodes represent the number of 
co-occurrence, the nodes were filtered by 6-52 frequency, and the edges were filtered by 2-36 frequency).
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(0.61 score, 16 times), gene (0.55 score, 10 times), loss (0.50 score, 
12 times), GJB2 (0.43 score, 8 times), SLC26A4 (0.40 score, 7 times), 
deafness (0.32 score, 5 times), and TMC1 (0.28 score, 3 times). While 
the top 10 keywords (Figure 8B) from Smith Richard J. H.’s articles 
based on the Eigenvector centrality score were hearing (1.0 score, 

23 times), loss (0.93 score, 20 times), gene (0.72 score, 11 times), 
mutation (0.68 score, 14 times), genetic (0.60 score, 10 times), 
variant (0.56 score, 8 times), family (0.53 score, 8 times), deafness 
(0.46 score, 4 times), population (0.46 score, 4 times), and cell 
(0.42 score, 7 times). 

Figure 6. The co-occurrence network based on organizations. (A) Nodes size and color based on the frequency and modularity class, respectively; (B) nodes size 
and color based on the Eigenvector centrality; (C) nodes size and color based on the betweenness centrality (the lines between the nodes represent the number 
of co-occurrence, the lines were filtered by 2-20 weights, and the nodes were filtered by 10-98 frequency).

Table 4. The High-Frequency Keywords According to the Cumulative Frequency

Rank Keywords Number Frequency (%)
Cumulative 

Frequency (%)
Eigenvector 

Centrality
Betweenness 

Centrality
Modularity 

Class

1 mutation 1070 7.60 7.60 1.00 1014484.37 1

2 gene 573 4.07 11.67 0.79 509593.45 1

3 hearing 539 3.83 15.50 0.69 319243.50 8

4 patient 430 3.06 18.56 0.70 430559.01 1

5 loss 394 2.80 21.36 0.58 196437.89 8

6 family 285 2.03 23.39 0.52 152337.04 1

7 cell 251 1.78 25.17 0.49 402848.22 10

8 syndrome 226 1.61 26.78 0.45 231216.90 2

9 GJB2 212 1.51 28.28 0.36 44176.32 1

10 deafness 189 1.34 29.63 0.48 131672.42 1

11 mouse 170 1.21 30.83 0.40 271344.38 10

12 variant 157 1.12 31.95 0.43 86525.98 1

13 mitochondrial 118 0.84 32.79 0.32 76501.96 1

14 genetic 106 0.75 33.54 0.33 55188.02 1

15 protein 104 0.74 34.28 0.32 144753.02 10

16 disease 93 1.66 35.94 0.33 83559.87 1

17 hair 93 1.66 37.61 0.25 63865.95 10

18 sequence 84 1.50 39.11 0.29 36715.19 1

19 study 84 1.50 40.61 0.31 60210.17 1

20 cause 74 1.32 41.93 0.32 46276.60 1

21 expression 72 1.29 43.22 0.26 85807.97 10

22 slc26a4 70 1.25 44.47 0.23 10089.12 1

23 identify 67 1.20 45.67 0.27 33023.91 1

24 case 67 1.20 46.87 0.28 42042.18 2

25 ear 64 1.14 48.01 0.23 62691.10 10
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A total of 2828 papers were from 90 WoS categories (Table 6), in 
which genetics & heredity, otorhinolaryngology, and biochemistry &  
molecular biology were listed in the top 3. The top 3 categories occu-
pied more than 40%.

DISCUSSION
The results indicated that the research of deafness gene was stable 
in the nearly 10 years though the article number of every year was 
up and down. The deafness gene research articles were published 
on 651 journals. PLoS ONE published the most articles (168 articles) 
among the journals, followed by International Journal of Pediatric 
Otorhinolaryngology (162 articles). It meant that the publication 
of research results was relatively scattered. Among the 18 journals 
publishing more than 30 articles, 8 journals were in Q1 zone and 591 
articles were published on Q1 and Q2 journals. These indicated that 
the articles had high academic level. By the way, there was 1 article 
published in New England Journal of Medicine,16 Lancet,17 and JAMA – 
Journal of the American Medicine Association,18 respectively. However, it 
should be noted that PLoS ONE was not in otorhinolaryngology class, 
International Journal of Pediatric Otorhinolaryngology was located 

in Q3, and 10 journals were from genetics & heredity class. So, the 
higher-quality professional journal in otorhinolaryngology should be 
promoted in the future. The results of papers’ WoS categories study 
were common with these. But it was indicated that otorhinolaryngol-
ogy and biochemistry & molecular biology also were concerned by 
researchers.

Eight of 18 journals were from United States. This was in common 
with the results of where authors came from. The co-occurrence net-
work also showed that United States was more notable and active 
than other countries/regions. The number of articles from People’s 
Republic of China was located in the second in the list; however, the 
Eigenvector Centrality score and Betweenness Centrality score were 
not both in the top 10. It indicated that there is less cooperation 
between People’s Republic of China and other countries/regions in 
the field of deafness gene research.

Dai Pu from People’s Liberate Army General Hospital (China) published 
the most articles among the authors. According to modularity class 
operated by Gephi 0.9.2, Dai Pu group was listed in the first with 

Figure 7. The keywords analysis. (A) Nodes size and color based on the frequency and modularity class, respectively; (B) nodes size and color based on the 
betweenness centrality; (C) hierarchical clustering; (D) multidimensional scale ((A) and (B), the lines between the nodes represent the number of co-occurrence; 
the nodes were filtered by 10-1070 frequency; (C) and (D) analysis of 25 high-frequency keywords)).
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55 members. They cooperated with Liu Xuezhong group and Kim 
Unkyung group. Smith Richard J. H. group, Huygen Patrick L. M. 
group, and Usami Shinichi group had cooperation relationship in the 
study. But Dai Pu group and its partners did not take any touch with 
Smith Richard J. H. group and its partners. According to the results, 
authors in the Dai Pu group got more important location in the study 
field about deafness gene. Liu Xuezhong and Smith Richard J. H. 
were followed. Meanwhile, Liu Xuezhong was more active than other 
authors. Except Dai Pu and Smith Richard J. H., Li Huawei (Fudan 
University) and Lin Xi (Emory University) also played an important 
role among the cooperation relationships. 

Like the authors’ analysis, People’s Liberate Army General Hospital 
(98 papers, China) published more articles than other organiza-
tions. But its position and activation were not notable according 
to the study. The reason would be that cooperating organization 

with People’s Liberate Army General Hospital was less. Harvard 
(United States) though published only 51 papers cooperated with 
more organizations than others. It is suggested to get more and 
more opportunities to operate with other organizations at home 
and abroad for People’s Liberate Army General Hospital (China). 
And in my opinion, it is important to build an international research 
system or group. 

The results of keywords and ID-keywords analysis with modularity 
class in Gephi 0.9.2 have shown that the score was very low. It meant 
that the keywords were not classed. It may be related to the overcon-
centration of research topics. Of course, from the other side, it indi-
cated that the articles studied in the paper focused on our research 
topic and that the keywords extracting function of jieba package for 
Python 3.7 were reliable. However, the presentation of hierarchical 
clustering and multidimensional scale could divide the 25 high-fre-
quency keywords into 2 groups. Especially, the results of multidimen-
sional scale further discovered the research character and research 
details. And the results also were proved by the analysis of keywords 
from the top 2 authors’ articles. Though Dai Pu and Smith Richard J. 
H. all focused on the gene mutation in deafness diseases, there were 
differences between their research points. Dai Pu mainly studied the 
mutation of gene GJB2, SLC26A4, and TMC1 in some family hearing 
diseases, while Smith Richard J. H. studied the mutation and vari-
ant of gene and the changes of cell in some family and population 
diseases.

CONCLUSION
The results of deafness gene research were smoothly published in a 
wide range of journals in the nearly 10 years. It was a pity that oto-
rhinolaryngology field lacked the higher-quality professional journal 
in otorhinolaryngology. United States published more articles than 
other countries/regions, while Dai Pu and his organization—People’s 
Liberate Army General Hospital (China)—published more documents 
than other authors and organizations. However, People’s Liberate 
Army General Hospital (China) and People’s Republic of China both 
need more cooperation with other countries and institutions in the 
world. Harvard University plays an important and active role in the 
field. Hearing loss and deafness research mainly focused on the gene 

Table 5. Top 30 ID-Keywords on Frequency

ID-keywords Frequency ID-keywords Frequency

deafness 876 mice 129

gene 597 children 124

mutations 513 families 120

hearing-loss 330 sensorineural hearing-loss 114

impairment 325 family 112

expression 276 variants 111

inner-ear 258 Pendred-syndrome 107

identification 225 hair-cells 101

sensorineural 
deafness

216 recessive deafness 98

protein 212 phenotype 94

prevalence 193 DNA 87

spectrum 166 mouse 86

mutation 159 enlarged vestibular 
aqueduct

86

disease 146 connexin 26 gene 82

population 145 frequency 81

Figure 8. The co-occurrence network based on keywords of Dai Pu and Smith Richard J. H. (A) The keywords from Dai Pu’s articles; (B) the keywords from Smith 
Richard J. H. articles (nodes size and color based on the Eigenvector centrality, the lines between the nodes represent the number of co-occurrence; the nodes 
were filtered by 10-1070 frequency).
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mutation and variant of family and population diseases. But there 
were subtle differences between different research groups.
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