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Abstract: Background and objective: Age-related hearing loss, also termed presbycusis, is the most prevalent senso-
ry impairment in older adults. Presbycusis research has considerably advanced over the past few decades, however, 
comprehensive and objective reports on the current state of presbycusis research are lacking. We used bibliometric 
methods to objectively analyzed the progress of presbycusis research over the past 20 years and to identify the 
research hotspots and emerging trends in this field. Methods: Eligible literature metadata published between 2002 
and 2021 were obtained from the Web of Science Core Collection on September 1, 2022. Bibliometric tools includ-
ing CiteSpace, VOSviewer, Bibliometrix R Package, Microsoft Excel 2019, and an online bibliometric platform were 
used to conduct bibliometric and visualized analyses. Results: A total of 1,693 publications related to presbycusis 
were retrieved. The number of publications increased continuously from 2002 to 2021, and the USA occupied the 
lead position in the field, with the highest research output. The most productive and influential institution, author, 
and journal were the University of California, Frisina DR of the University of South Florida, and Hearing Research, 
respectively. Co-citation cluster and trend topics analyses revealed that “cochlear synaptopathy”, “oxidative stress”, 
and “dementia” were the predominant foci of presbycusis research. Burst detection of keywords indicated that 
“auditory cortex” and “Alzheimer’s disease” were the newly-emerged aspects. Conclusion: During the past two de-
cades, presbycusis research has been flourishing. The current research foci are “cochlear synaptopathy”, “oxidative 
stress”, and “dementia”. “Auditory cortex” and “Alzheimer’s disease” may be potential future directions in this field. 
This bibliometric analysis represents the first quantitative overview of presbycusis research, thus providing valuable 
references and insights for scholars, medical practitioners, and policymakers concerned with this field.
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Introduction

Presbycusis, or age-related hearing loss (ARHL), 
is a multifactorial disorder that manifests as 
progressive, bilateral, and symmetrical hearing 
impairment occurring with age [1]. In a currently 
aging society, the prevalence of presbycusis 
increases continuously, and approximately 
one-third of the global population aged older 
than 65 years suffer from hearing loss, accord-
ing to the World Health Organization [2]. 
Approximately 900 million older adults are pre-
dicted to suffer significant hearing impairment 
due to presbycusis by 2050 [3]. In addition, 
growing evidence suggests that presbycusis is 
strongly associated with frailty [4], depression 
[5], social isolation [6], cognitive decline [7], 

and even dementia [8]. Furthermore, presbycu-
sis entails a considerable economic burden, 
with medical expenditures estimated to reach 
30 billion USD in the USA by 2030 [9]. Globally, 
ARHL is becoming a major public health burden, 
and further insights into its pathogenesis and 
novel avenues of effective therapeutic interven-
tion are urgently required.

The pathophysiology of presbycusis is associ-
ated with complex interactions between genetic 
and environmental factors [10]. In addition to 
biological age, underlying risk factors for pres-
bycusis include gender, genetic predisposition, 
environmental exposure (e.g., ototoxic drugs, 
cigarette consumption, noise), lifestyle (e.g., 
diet, smoking, drinking), and comorbidities 
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(e.g., diabetes, hypertension) [11-13]. Hearing 
aids are an effective treatment modality at 
present, however, presbycusis frequently re- 
mains undertreated [14]. Despite this, the field 
of presbycusis research has considerably ad- 
vanced in the past two decades [15]. Therefore, 
a comprehensive overview of the current state 
of presbycusis research is warranted, consider-
ing that a deeper understanding of potential 
directions may help develop new therapeutic 
strategies for this disease.

Bibliometrics is a commonly recognized meth-
od to quantitatively analyze scientific publica-
tions and assess research activities in a spe-
cific field over time [16]. As a critical analytic 
model, bibliometric analysis can rapidly pro- 
vide an in-depth evaluation of the knowledge 
domain, research hotspot evolvement, and 
future directions in a given area [17]. These 
advantages are not available through other 
methods such as traditional reviews, meta-
analyses, and evidence mapping. Previous bib-
liometric studies examined hereditary hearing 
impairment [18], noise-induced hearing loss 
[19], and deafness genes [20]. So far, however, 
no bibliometric studies on presbycusis are 
available. Owing to this knowledge gap, we 
attempted to elucidate the scientific develop-
ment, past and current research hotspots, and 
emerging thematic areas of presbycusis re- 
search in order to provide guidance for future 
work.

Materials and methods

Data sources and search strategies

The Web of Science Core Collection (WoSCC) 
database is the world’s leading citation-based 
database covering a broad range of research 
types, and it is commonly used for bibliometric 
analyses [21]. Literature metadata for this 
study were retrieved from the Science Citation 
Index-Expanded (SCI-E) and the Social Sciences 
Citation Index (SSCI) of the WoSCC. The follow-
ing search strategy was used: topic = (presby-
cusis) OR (presbyacusis) OR (presbyacousis) 
OR (“age-related hearing loss”) OR (“age-relat-
ed hearing impairment”) and timespan = 2002-
2021. The search was restricted to articles and 
reviews using the respective filters, and only 
publications in English language were consid-
ered. To reduce bias resulting from frequent 
database updates, all literature retrieval and 
data downloads were completed on September 
1, 2022. The literature search and screening 
process is illustrated in Figure 1.

Bibliometric analysis and visualization

Bibliometric and visual analyses were conduct-
ed using CiteSpace (version 5.8.R3), VOSviewer 
(version 1.6.16), the R package Bibliometrix 
(version 3.2.1), Microsoft Excel 2019, and an 
online bibliometric platform (https://bibliomet-
ric.com). The main advantage of VOSviewer is 
the feasibility to develop visual network maps 

Figure 1. Flow chart for inclusion in literature screening.
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based on bibliometric networks to achieve an 
in-depth and comprehensive understanding of 
the structural evolution of research domains. 
Here, we used VOSviewer (version 1.6.16) to 
build the keyword co-occurrence and cluster 
map based on text data.

CiteSpace [22] is a java-based software for 
visualizing and constructing bibliometric net-
works. This interactive analysis tool combines 
data-mining algorithms and bibliometrics, facil-
itating the visualization of results through sci-
entific mapping. In this study, we visualized co-
occurrences of institutions, journal dual-maps, 
keyword bursts, citation bursts, co-citation 
relationship of authors and references, and co-
citation reference timeline using CiteSpace. In 
the respective plots, the size of the circles indi-
cates the number of publications within a col-
laborative network, and the distance between 
circles indicates the degree of collaboration 
between institutions. In the co-citation analy-
sis, node size indicates citation frequency.  
The lines connecting the nodes indicate co-
citation associations. Line thickness indicates 
the strength of linkages. The warmer the color 
of the nodes, the more recent the publication 
date of the documents is.

VOSviewer, a further software tool for biblio-
metric mapping analysis, facilitates the cre-
ation and visualization of knowledge structures, 
which is particularly useful for intuitively visual-
izing large-scale data [23]. This tool was used 

to construct visualization networks of author 
co-authorship and keyword co-occurrence. 
Generally, the size of nodes in these visual 
maps corresponds to the number of item occur-
rences. The links between nodes indicate the 
co-occurrence or co-authorship relationships 
between nodes. Different colored nodes and 
lines represent average appearance years or 
different clusters.

Bibliometrix is an R language package for com-
prehensive bibliometric analysis and visual pre-
sentation of bibliographic data [24]. We used 
Bibliometrix to analyze the annual production 
of authors, trend topics and thematic map. In 
addition, a publication and collaboration analy-
sis of countries was conducted using the on- 
line bibliometric platform (https://bibliometric.
com). Microsoft Excel 2019 was used to pres-
ent efferocytosis publication trends.

Results

Publication activity and citation analysis

In the time period from 2002 to 2021, 1,693 
papers on presbycusis research were pub-
lished. The number of publications related to 
presbycusis has been increasing (Figure 2), 
regardless of some fluctuations. Additionally, 
over the past 20 years, the annual frequency of 
citations in this field has generally increased 
(Figure 2). The annual number of publications 
and cumulative citation frequency per year 

Figure 2. The distribution of annual publications and citations on presbycusis research.
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peaked at 186 publications and 7,106 cumula-
tive citations in 2020 and 2021, respectively.

Contributions by country/region and institution

A total of 65 countries/regions and 1,608 in- 
stitutions worldwide contributed to the 1,693 
papers. The USA was the most productive coun-
try (n = 712), followed by China (n = 211), Japan 
(n = 121), Germany (n = 113), and the UK (n = 
99) (Table 1). The annual contributions of 
papers related to presbycusis in the top-10 
most productive countries are shown in Figure 
3A. Figure 3B shows the global distribution of 
presbycusis research. Over 40% of presbycusis 
research published worldwide originated from 
the USA, rendering the country a global leader 
in this area. The centrality score is a key indica-
tor to quantitatively evaluate the significance of 
nodes in a network [16], and cooperation fre-
quency is positively correlated with centrality in 
a collaborative network. Germany (n = 0.36) 
ranked highest with regard to the centrality 
score. Figure 3C shows cooperation networks 
across countries/regions.

An overview of the top 10 most productive insti-
tutions is provided in Table 2. The five most pro-
lific institutions were the University of California 
(n = 72), Johns Hopkins University (n = 49), the 
Medical University of South Carolina (n = 45), 
the Huazhong University of Science Technology 
(n = 44), and the State University System of 
Florida (n = 44). Johns Hopkins University (n = 
0.23) ranked highest with regard to centrality. 
In general, many institutions cooperated ac- 
tively in this field, including the University of 

California, the University of Wisconsin, and the 
Huazhong University of Science Technology 
(Figure 3D). Nine of the top ten institutions 
were in the USA.

Authors and co-cited authors

A total of 5,916 authors contributed to the iden-
tified studies. Table 3 shows the top 10 most 
prolific authors. Frisina DR of the University of 
South Florida was the most productive author, 
with 33 publications, followed by Van Camp G 
of the University of Antwerp (n = 31), and Dubno 
JR of the Medical University of South Carolina 
(n = 26). Regarding total citations, Van Camp G 
ranked first with 1,692, followed by Mitchell P 
(n = 1,504), and Frisina DR (n = 1,453). 
Assessment of the influence of authors based 
on the numbers of publications, citations, and 
H-index demonstrated that these authors were 
the most influential scholars in presbycusis 
research. The annual output of the top 20 
authors between 2002 and 2021 is shown in 
Figure 4A. We identified eleven different clus-
ters of authors (Figure 4B). The typical active 
collaborations occurred within the same clus-
ters, such as that between Dubno JR and Gates 
GA, Frisina DR and Johnson KR, and Someya S 
and Ding DL. Furthermore, we observed active 
cooperation among the clusters, such as 
between Logroscino G and Lin FR, between 
Dubno JR and Cruickshanks KJ, and between 
Xiong H and Chen J.

Core journals and research areas

The 1,693 included papers were published in 
741 academic journals. In Table 4, we present 
the characteristics of the top 10 most active 
journals in this field, which published 527 arti-
cles, accounting for 31.1% of all publications. 
Hearing Research published the most articles 
(n = 152), followed by Neurobiology of Aging (n 
= 53), International Journal of Audiology (n = 
51), Otology Neurotology (n = 45), and Acta Oto 
Laryngologica (n = 41). The number of articles 
published per year in the top five journals 
increased markedly between 2002 and 2021 
(Figure 5A). The most citations were achieved 
by papers published in Hearing Research (n = 
5,526), Jaro Journal of the Association for 
Research in Otolaryngology (n = 1,593), and 
Ear and Hearing (n = 1,522). According to  
the number of publications, citations and the 
H-index, the most influential journal in this field 

Table 1. Ranking of top-10 countries that 
have published the most articles from 2002 
to 2021
Rank Article counts Centrality score Country
1 712 0.20 USA
2 211 0.10 China
3 121 0.00 Japan
4 113 0.36 Germany
5 99 0.00 UK
6 75 0.10 Australia
7 74 0.31 Italy
8 74 0.20 Netherlands
9 70 0.00 South Korea
10 61 0.10 France



A bibliometric analysis of presbycusis

2411 Am J Transl Res 2023;15(4):2407-2425

was Hearing Research. These studies were fur-
ther divided into different research fields, 
based on Web of Science subject categories. 
The top 10 research fields according to the 
number of publications are shown in Figure 5B. 

A dual-map overlay of journals was produced  
to visualize the thematic distribution of aca-
demic journals. The left and right sides of the 
map show the citing and cited journals, respec-
tively. There was only one primary citation path 

Figure 3. A. The annual distribution of publications on presbycusis among the top 10 countries from 2002 to 2021. 
B. World map displaying the global distribution of presbycusis research. C. The cross-country/region collaborations 
visualization map. D. The cross-institution collaborations visualization map.
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(Figure 5C), and studies published in molecu-
lar/biology/genetic journals were generally 
cited by molecular/biology/immunology jour- 
nals.

Analysis of keywords 

Keyword cluster analysis can provide insights 
into the knowledge domain of a research field. 
A total of 6,118 keywords were retrieved from 
the included publications, of which 144 oc- 
curred > 20 times. Figure 6A shows a visualiza-
tion map of keyword co-occurrences, where 
node size indicates the frequency of occur-
rence. “Presbycusis” was the most frequent 
term (562 co-occurrences), followed by “age-
related hearing loss” (352 co-occurrences) and 
“hearing loss” (297 co-occurrences). Here, 
three clusters were identified based on the link 
strength of keyword co-occurrence (Figure 6A). 
Cluster 1 (red) was primarily associated with 
pathogenic mechanisms of presbycusis and 
included “oxidative stress”, “inner ear”, and 
“cochlea”. Cluster 2 (green) included “epidemi-

ology”, “hearing aids”, and “people”. Cluster 3 
(blue) comprised “aging”, “noise”, “responses”, 
“recognition”, and “age-related changes”. Diffe- 
rent colors were assigned to keywords based 
on their average publication year in an overlay 
visualization (Figure 6B). The terms “gene”, 
“susceptibility”, “mouse”, “inferior colliculus”, 
and “product otoacoustic emissions” occurred 
during the early stages of the field. The most 
recently identified keywords included “hearing 
aids”, “cochlear implantation”, “auditory cor-
tex”, “memory”, and “quality of life”, which indi-
cated that these fields were novel topics. We 
also visualized keyword frequencies in a densi-
ty map (Figure 6C). 

Burst detection of keywords can be used to 
determine a sudden increase in the frequency 
of keywords that occur within a certain time 
frame [17]. From 2002 to 2021, “presbyacusis” 
exhibited the most pronounced burst strength 
(22.08), followed by “deafness” (burst strength 
16.30) and “cochlea” (burst strength 14.13) 
(Figure 6D). Moreover, “auditory cortex”, “Al- 

Table 2. Ranking of top-10 institutions from 2002 to 2021
Rank Article count Institution Country Centrality score
1 72 University of California USA 0.14
2 49 Johns Hopkins University USA 0.23
3 45 Medical University of South Carolina USA 0.01
4 44 Huazhong University of Science Technology China 0.04
5 44 State University System of Florida USA 0.01
6 43 Harvard University USA 0.04
7 41 University of Rochester USA 0.02
8 38 State University of New York USA 0.00
9 37 National Institutes of Health USA 0.00
10 37 University of Wisconsin USA 0.14

Table 3. Ranking of top-10 productive authors from 2002 to 2021

Rank Author Article 
count

Centrality 
score

Total number of 
citations

Average number of 
citations H-index

1 Frisina DR 33 0.00 1453 44.03 24
2 Van Camp G 31 0.00 1692 54.58 22
3 Dubno JR 26 0.00 960 36.92 14
4 Zhu XX 25 0.00 814 32.56 18
5 Fransen E 24 0.00 1191 49.63 18
6 Huygen PLM 24 0.00 712 29.67 13
7 Kong WJ 24 0.00 649 27.04 16
9 Van Laer L 22 0.00 1373 62.41 17
10 Mitchell P 22 0.00 1504 68.36 21



A bibliometric analysis of presbycusis

2413 Am J Transl Res 2023;15(4):2407-2425

Figure 4. A. Timeline distribution of publications from the top 10 profile authors. B. The network visualization map 
of author collaborations analysis.

Table 4. Ranking of top-10 journals from 2002 to 2021

Rank Journal Article 
count

Journal  
citation reports 

(2021)

Impact  
factor 
(2021)

Total 
number of 
citations

Mean 
number of 
citations

1 Hearing Research 152 Q1 3.672 5526 36.36
2 Neurobiology of Aging 53 Q2 5.133 1448 27.32
3 International Journal of Audiology 51 Q2 2.437 1499 29.39
4 Otology Neurotology 45 Q2 2.619 1219 27.09
5 Acta Oto Laryngologica 41 Q4 1.698 757 18.46
6 Jaro Journal of the Association for Research in Otolaryngology 40 Q2 3.263 1593 39.83
7 Ear and Hearing 38 Q1 3.562 1522 40.05
8 Frontiers in Aging Neuroscience 37 Q1 5.702 598 16.16
9 Laryngoscope 35 Q2 2.97 952 27.2
10 PLOS ONE 35 Q2 3.752 596 17.03

zheimer’s disease”, “health”, and “threshold” 
had bursts that lasted until 2021, reflecting the 
most recent research trends. 

To thoroughly assess the current research 
trends, we used Bibliometrix to conduct trend 
topic and thematic map analyses. Figure 7A 
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Figure 5. A. Cumulative publication trend of the top 5 prolific journals from 2002 to 2021. B. Top 20 WoS subject categories. C. The dual-map overlay of journals 
related to presbycusis.



A bibliometric analysis of presbycusis

2415 Am J Transl Res 2023;15(4):2407-2425

Figure 6. A. Clustering co-occurrence map of keywords. B. Distribution of keywords based on the average time of appearance. C. Keywords density visualization map. 
D. Top 20 keywords with the strongest citation bursts.
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shows the buzz topics in presbycusis research. 
Recent research topics, particularly between 
2019 and 2021, included “cognitive impair-
ment”, “dementia”, and “cognition”. According 
to the keywords thematic map (Figure 7B), 
“hearing loss”, “presbyacusis”, and “hearing 
aids” were motor theme (upper-right quadrant), 
which represents the important and well-devel-
oped themes of the presbycusis research field. 
The basic themes (lower-right quadrant) includ-

ed “age-related hearing loss”, “apoptosis”, 
“dementia”, “presbycusis”, “aging”, and “hear-
ing”. These aspects concern general topics that 
are transversal to different research areas of 
the field.

Analysis of co-cited references and reference 
bursts

Co-cited references refer to publications that 
are cited by one or more publications at the 

Figure 7. A. Trend topics map. B. The strategy map of identified topics clustered by keywords plus.
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same time, representing the knowledge bases 
of a particular field [18]. Table 5 presents the 
top 10 cited articles. Among them, eight publi-
cations were cited > 300 times. The paper pub-
lished by Someya et al. [23] in Cell (n = 822) 
was the most frequently cited, followed by the 
studies of Gates et al. [24] in The Lancet (n = 
702) and of Dalton et al. [25] in The Gerontolo- 
gist (n = 662). Figure 8A shows a references 
co-citation network map created through the 
CiteSpace analysis including 45,869 cited ref-
erences from 1,693 articles, with 160 nodes 
and 253 links (Figure 8A). Links between nodes 
indicate how frequently the same article was 
cited. The node diameter is proportional to the 
frequency with which the cited reference is 
cited. Figure 8B presents the 12 largest clus-
ters of the reference co-citation network. The 
largest cluster was “spiral limbus” (#0), fol-
lowed by “cochlear synaptopathy” (#1), “oxida-
tive stress” (#2), “dementia”, and “age-related 
hearing impairment”. A timeline of the 12 clus-
ters is shown in Figure 8C. The recent hotspots 
of presbycusis research were “cochlear synap-
topathy”, “oxidative stress”, and “dementia”.

Citation bursts refers to references that fre-
quently occur during a particular period and 
attract more attention from scholars in a par-
ticular area [21]. Figure 9 displays the top 20 
references with the strongest citation bursts. 
The earliest citation bursts of co-cited refer-

ences began in 2002, and all three respective 
studies explored the molecular mechanisms of 
hearing loss on mouse models. The publica-
tions with the strongest burst (28.43), titled 
“Hearing loss and cognitive decline in older 
adults”, by Lin et al. [25] was published in JAMA 
Internal Medicine in 2013. Additionally, three 
references produced a citation burst that last-
ed until 2021.

Discussion

General information

A total of 5,916 authors from 1,608 institutions 
in 65 countries/regions published 1,693 arti-
cles related to presbycusis in 376 academic 
journals between 2002 and 2021, according to 
the WoSCC database. During the past two 
decades, the production of publications on 
presbycusis has continuously increased. The 
number of publications related to presbycusis 
represented over 40% of the total output during 
2017-2021, suggesting a rapid development in 
this field. Furthermore, the overall increasing 
trend of publications in this field suggests that 
this is an area of growing interest.

Visual analysis of contributions by country/
region revealed that the USA dominated this 
field. A total of 712 papers originated from the 
USA, representing 42.1% of all respective publi-

Table 5. Top-10 most cited references from 2002 to 2021

Rank Title Author Year Journal Citation 
frequency

1 Sirt3 Mediates Reduction of Oxidative Damage and Prevention 
of Age-Related Hearing Loss under Caloric Restriction

Someya S 2005 Cell 822

2 Presbycusis Gates GA 2005 The Lancet 702

3 The impact of hearing loss on quality of life in older adults Dalton DS 2003 Gerontologist 662
4 Acceleration of age-related hearing loss by early noise exposure: 

Evidence of a misspent youth
Kujawa SG 2006 Journal of  

Neuroscience 
427

5 Synaptopathy in the noise-exposed and aging cochlea: Primary 
neural degeneration in acquired sensorineural hearing loss

Kujawa SG 2015 Hearing Research 384

6 Cadherin 23 is a component of the tip link in hair-cell stereocilia Siemens J 2004 Nature 327
7 Association of cadherin 23 with polygenic inheritance and 

genetic modification of sensorineural hearing loss
Noben-Trauth K 2003 Nature Genetics 323

8 Hearing impairment and health-related quality of life: The Blue 
Mountains Hearing Study

Chia EM 2007 Ear and Hearing 310

9 Current concepts in age-related hearing loss: Epidemiology and 
mechanistic pathways

Yamasoba T 2013 Hearing Research 299

10 Association of Age-Related Hearing Loss With Cognitive Func-
tion, Cognitive Impairment, and Dementia A Systematic Review 
and Meta-analysis

Loughrey DG 2018 JAMA Otolaryngol-
ogy-Head & Neck 
Surgery

293



A bibliometric analysis of presbycusis

2418 Am J Transl Res 2023;15(4):2407-2425



A bibliometric analysis of presbycusis

2419 Am J Transl Res 2023;15(4):2407-2425

Figure 8. A. Co-citation map of references on presbycusis. B. The clustered network map of co-cited references on presbycusis. C. The timeline view of co-citation 
clusters.
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cations. It is worth noting that the vast majority 
of the top 10 prolific countries are developed 
countries. This may be attributed to the level of 
economic development and financial invest-
ment in scientific research by these countries. 
Among the top 10 countries, the USA (0.20)  
did not produce the highest centrality scores. 
Rather, Germany had a maximum centrality 
score of 0.36, followed by Italy (0.31), indicat-
ing that they had a crucial role in fostering inter-
national cooperation on presbycusis research.

Among the top 10 institutions, nine were locat-
ed in the USA, whereas one was located in 
China, indicating a distinct advantage of the 
USA in the field. The University of California was 
the most productive institution. As illustrated in 
the collaboration network map, while many 
institutions were active in collaboration, some 
were not. It is therefore recommended that 
countries and institutions engaged in this field 
promote cooperation and collaborate to devel-
op and expand this area.

Scholars may benefit from identifying the con-
tributions of leading authors in a particular field 

to progress along the path and provide guid-
ance [21]. Researchers such as Frisina DR,  
Van Camp G, and Dubno JR have made out-
standing contributions to this field through the 
quality and the large number of their publica-
tions. It is thus likely that these scholars and 
their research groups will publish impactful 
papers on presbycusis in the future. Further, 
these leading researchers are also ideal candi-
dates for collaboration and academic exchange. 
However, the network density showed a lack of 
active collaboration among top authors.

Analyses of journals revealed that Hearing 
Research was the most influential journal in  
the field, with the highest number of publica-
tions and citations. Overall, the top 10 journals 
on presbycusis research were primarily in the 
fields of audiology, otorhinolaryngology, and 
neurosciences. This suggests that presbycusis 
is a major concern for audiologists, otolaryn-
gologists and neurologists worldwide. In addi-
tion, we also found that the top 10 co-cited 
studies were published in highly influential aca-
demic journals such as Nature, Cell, and The 
Lancet.

Figure 9. Top 25 references with the strongest citation bursts on presbycusis research between 2002 and 2021.
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Knowledge base

The evolution of references with citation bursts 
may reflect dynamic changes in a given field 
[16]. The strongest citation burst was produced 
by the article of Lin et al. [25] (23.96, 2014-
2018). This observational prospective study 
was the first to report hearing loss as an in- 
dependent risk factor for incident cognitive 
impairment and accelerated cognitive decline 
among older people. It is worth noting that the 
citation burst of three papers is currently ongo-
ing. The study by Kujawa and Liberman [26] 
published in Hearing Research (10.77, 2016-
2021) showed that the degeneration of cochle-
ar synapses occurred before threshold eleva-
tion and hair cell loss in ARHL. Ouda et al. [27] 
(9.83, 2016-2021) comprehensively reviewed 
major age-related changes occurring in the 
central part of the auditory system, and they 
suggested that primary neural degeneration 
exerts important effects on sensorineural hear-
ing loss. The results of Füllgrabe et al. [28] 
(7.67, 2016-2021) showed that age-related 
changes in audiometric sensitivity were unre-
lated to decreased speech perception ability in 
older adults. 

A collection of co-cited references can par- 
tially represent a knowledge base [17]. Cluster 
analysis of the reference co-citation network 
revealed that recent presbycusis studies main-
ly focused on “cochlear synaptopathy”, “oxida-
tive stress”, and “dementia”. 

Recent evidence shows that hearing loss may 
also occur without loss of hair cells through a 
pathology phenomenon termed “cochlear syn-
aptopathy” (CS), in which hair cell abundance 
remains unchanged but cochlear neuronal syn-
apses between auditory nerve fibers and inner 
hair cells decrease [29]. Animal and human 
studies confirm that CS is the earliest contribu-
tor to presbycusis. A study on guinea pigs and 
mice demonstrated that decreased numbers of 
cochlear synapses precede threshold elevation 
and hair cell loss in ARHL [26]. Furthermore, 
the number of spiral ganglion cells in the human 
temporal bone has been observed to decrease 
with aging despite normal hair cell abundance 
[30]. In fact, elderly people with presbycusis 
frequently suffer from impaired speech percep-
tion, especially under challenging listening con-
ditions, even when auditory thresholds are nor-
mal [12]. Noise exposure is known to cause CS 

and, ultimately, neuronal degeneration; howev-
er, the lack of sensitivity of standard audiologi-
cal tests complicates the assessment of CS in 
humans [31]. Therefore, the general under-
standing of the individual and combined effects 
of CS on human presbycusis should be im- 
proved through behavioral and objective tests. 

The results of numerous studies implicate oxi-
dative stress in the pathogenesis of presbycu-
sis [32-34]. Oxidative stress impairs the periph-
eral and central auditory systems in animal 
models of ARHL. Excessive levels of free radi-
cals and oxidative damage were observed in 
the cochlea, stria vascularis, spiral ganglion 
neurons, cochlear nucleus, inferior colliculus, 
and auditory cortex [32]. Antioxidant supple-
ments have been shown to be effective in pre-
venting or decelerating ARHL in most animal 
studies [34]. In aging rats, the administration of 
antioxidants such as vitamins A, C, and E, 
alpha-lipoic acid, acetyl-L-carnitine, and mela-
tonin increased hearing sensitivity and reduced 
hair cell loss [34]. In addition, an antioxidant-
enriched diet delayed the progression of ARHL 
in mice and dogs [35]. However, few studies on 
antioxidant therapy for presbycusis in humans 
are available, and their results are contrary. A 
three-year double-blind randomized placebo-
controlled trial conducted by Durga et al. [36] 
showed that hearing loss at speech frequen-
cies in elderly persons with ARHL was deceler-
ated following folic acid supplementation. 
Polanski et al. [37] evaluated the therapeu- 
tic effects of various antioxidants treatment 
schemes on presbycusis, including papaverine 
chlorhydrate plus vitamin E, α-lipoic acid plus 
vitamin C, and ginkgo biloba dry extract. The 
results showed that six months of treatment 
with antioxidants did not improve the hearing 
threshold in patients with presbycusis. 

Dementia is a common form of cognitive disor-
der in older adults and represents a global 
health challenge [38]. Numerous epidemiologi-
cal and laboratory studies showed that presby-
cusis is strongly associated with dementia [7, 
8, 39]. A case-control study by Uhlmann et al. 
[40] published in the 1980s reported a link 
between hearing impairment and dementia, 
which was the first paper on this topic. Their 
results demonstrated that in cases with 
Alzheimer’s-type dementia, the prevalence of 
hearing loss of 30 dB or greater was twice as 
high as that in the controls. Further, hearing 
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loss was independently and significantly cor- 
related with cognitive dysfunction severity. 
Similar results were observed in subsequent 
studies. ARHL was considered the most prom-
ising modifiable risk factors for dementia [41]. 
It was estimated that up to 9% of dementia 
cases could be prevented by addressing midlife 
hearing loss [38]. Recent national longitudinal 
studies have shown that hearing aids may 
decelerate the cognitive decline and reduced 
dementia onset in older adults [42, 43]. 
Currently, several plausible hypotheses have 
been proposed to explain the hearing-cognition 
relationship. First, an uneven reallocation of 
neural resources and depletion of cognitive 
reserve in individuals with ARHL was observed, 
which may result in the clinical presentation  
of dementia [44]. In addition, it was proposed 
that ARHL puts older adults at increased risk 
for social isolation, which may in turn lead to 
dementia [44]. A further hypothesis is that 
ARHL may alter the structure and function of 
the brain, thereby increasing the risk of demen-
tia. Compared to older adults with normal hear-
ing, older adults with ARHL exhibit accelerated 
brain volume decline [45]. It should be empha-
sized that any causal association between 
ARHL and dementia must be thoroughly investi-
gated before any definitive recommendations 
concerning treatment can be made. 

Emerging topics 

Presbycusis was conventionally attributed pri-
marily to damage to the peripheral auditory sys-
tem, particularly the structure and function of 
the cochlea [13]. Recently, however, pathophys-
iological alterations in the auditory cortex have 
been shown to play an important role in the 
pathogenesis of presbycusis [39]. Neuroimaging 
studies have shown that variations in the mor-
phology of the auditory cortex are associated 
with presbycusis [46, 47]. Erick et al. [48] found 
that atrophy of the auditory cortex was closely 
associated with high-frequency hearing impair-
ment in patients with presbycusis. An arterial 
spin labeling magnetic resonance imaging 
(MRI) study conducted by Ponticorvo et al. [49] 
showed that patients with presbycusis exhibit-
ed a significantly decreased cerebral blood flow 
to the right auditory cortex, which was nega-
tively correlated with audiogram steepness. In 
addition, functional MRI research has shown 
that altered functional connectivity of the audi-

tory cortex may cause cognitive dysfunction in 
patients with presbycusis [50]. Electrophysio- 
logical evidence from aged animals suggests 
the presence of increased spatial tuning and 
reduced temporal fidelity of responses in the 
auditory cortex [51]. Moreover, deficits in tem-
poral and spatial processing may contribute to 
the predominant complaint of patients with 
presbycusis, i.e., the difficulty in understanding 
speech. Numerous molecular-level alterations 
in the auditory cortex have been identified in 
animal models of presbycusis. Youn et al. [52] 
found that mitophagy impairment in the audi-
tory cortex was associated with presbycusis in 
mice. Cytosolic mtDNA in the auditory cortex 
may contribute to the pathogenesis of presby-
cusis through the activation of the cGAS-STING 
pathway, which elicits type I interferon and 
inflammatory responses in mice [53]. In addi-
tion, Li et al. [54] reported that compared to 
3-month-old rats, 24-month-old rats exhibited 
significantly lower expression of G9a (a histone 
methyltransferase) in the auditory cortex, which 
was associated with hair cell loss and signifi-
cant hearing threshold elevation. Thus, an in-
depth exploration of the molecular mecha-
nisms by which the auditory cortex contributes 
to age-related deafness will help identify im- 
proved therapeutic avenues. 

Alzheimer’s disease (AD) is the most common 
cause of dementia in the elderly population 
[55]. As discussed above, epidemiological stud-
ies have closely linked ARHL to AD [40]. This 
strong association has also been confirmed by 
a growing body of clinical and molecular evi-
dence. A recent prospective cohort study 
showed that early ARHL was associated with a 
higher β-amyloid burden in patients with AD 
[56]. Xu et al. [57] reported a link between 
ARHL and the atrophy of entorhinal cortex and 
elevated cerebrospinal fluid tau levels, howev-
er, the nature of the association between these 
two diseases remains unclear. Patients with AD 
frequently exhibit hearing impairment at an 
early stage, however, hearing loss is consid-
ered to be an independent risk factor for AD 
[41]. A recent genetic driver analysis by Abidin 
et al. [58] showed that ARHL and AD were asso-
ciated not through a shared genetic architec-
ture but through a shared vulnerability in 
molecular pathways. In a recent review, Shen et 
al. [59] examined the molecular links between 
ARHL and AD and suggested that mitochondrial 
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dysfunction and alterations in some signaling 
pathways including the ROS/VEGF, SIRT1/PGC-
1α (or FNDC5), and CaMKKβ/AMPK pathways, 
may be the key cause. Furthermore, shared 
metabolic dysregulation was proposed to con-
tribute to the development of both diseases. 
Llano et al. [60] found that AD patients with 
hearing impairment exhibited significantly lower 
levels of serum phosphatidylcholine than AD 
patients without hearing impairment. In conclu-
sion, the relationship between ARHL and AD 
requires further research. 

Limitations

Due to the nature of bibliometrics, this study 
has several limitations. First, only studies from 
the WoSCC database were included, which may 
have resulted in bias and incompleteness. In 
addition, only articles and reviews in English 
language were included in the present study; 
thus, our findings may not be entirely compre-
hensive. Last, our search results may differ 
with regard to the current amount of literature 
available due to the continuous updating of 
WoSCC data. However, adjustments can be 
made to address these limitations in the future.

Conclusion

Over the past 20 years, presbycusis has 
received increasing research attention world-
wide, as evidenced by the proliferation of pu- 
blications in this field. The USA is predominant 
in presbycusis research. As research in this 
area has developed, several different topics 
have emerged. Recent research hotspots 
included “cochlear synaptopathy”, “oxidative 
stress”, and “dementia”, which constitute sub-
stantial research fields. “Auditory cortex” and 
“Alzheimer’s disease” are emerging as new 
research frontiers. In summary, this is the first 
bibliometric analysis to provide objective and 
systematic insights into presbycusis research, 
which will serve as a valuable guide for future 
research in this area.
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