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Background: Electroencephalography (EEG) has been rapidly developed and is widely used in both clinical and scientific fields.
Original studies on non-invasive EEG in the elderly have been of great importance owing to the global aging trend. The present study
aimed to provide a bibliometric overview on current status and trends in this research field.

Methods: We searched the Web of Science Core Collection for articles published during 2014 and 2023. Synonyms for EEG and the
elderly were combined as a retrieval strategy. Invasive EEG and secondary studies were excluded. Online filters and manual reviews
were applied to select eligible articles. Basic bibliometric parameters were analyzed and visualized using VOSviewer and Excel
software.

Results: A total of 1656 publications were filtered, and 655 of which were finally included. In general, publication counts have steadily
increased over the last 10 years. A sharp rise in publications occurred in 2021, and then remained at a high level. Authors and institutions
from high-income countries/regions such as the United States of America (USA), China, and Germany were more productive and made
significant contributions. Journals specialized in neuroscience, such as Frontiers in Aging Neuroscience, Neurobiology of Aging, and
Clinical Neurophysiology, were popular among authors. Articles on aging, Alzheimer’s disease (AD), mild cognitive impairment (MCI),
dementia, memory, event-related potentials, attention, and the brain were more likely to use EEG. The newer topics included anesthesia,
postoperative delirium (POD), confusion assessment method, connectivity, validation, and power.

Conclusion: This bibliometric study provides fundamental knowledge on the current status and hot spots of the original studies on
EEG in elderly, which is beneficial to researchers in paving future investigations of neuroscience and neural diseases.
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Introduction

Humans face problems in the aging of the population that have never been faced before. According to the reports by the
United Nations, the mean lifetime of the world’s population reached 72.8 years old in 2019 and is estimated to be 77.2
years old in 2050." To make matters worse, global fertility is decreasing, with a >50% reduction in births per woman
from 1950 to 2019, and a further reduction in 2050." More specifically, the proportion of the aged population is estimated
to reach up to 16% in 2050, with a 6% increase in comparison with 2022." Therefore, age-related diseases must be paid
more attention. One of the most typical features of age-related changes is the degeneration of the neural system.
Neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD),
amyotrophic lateral sclerosis (ALS), and dementia have close relationships with aging.>* A decline in self-care ability is
the primary impact of neurodegenerative diseases, which increases social burden. According to a report by the World
Health Organization, AD and other types of dementia caused nearly 2 million deaths worldwide, ranking the 7th among
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the top-10 leading causes of death in 2019.' Mental disorders also affect the elderly population. Approximately one-
fourth to one-third of elderly European individuals suffer from mental disorders, leading to a decline in quality of life and

functioning level >

Neurological and psychotic disorders are correlated to abnormal electrical activity of the brain.
Electroencephalography (EEG), an inexpensive, effective, and noninvasive method for recording the electrical signals of
the brain, has been widely regarded as an auxiliary diagnosis for neurological and psychotic disorders, including not only
epilepsy and depression, but also AD, PD and postoperative delirium.”® Aging actuates investigations of age-related
disorders, along with increasing use of EEG. However, with booming publications on EEG, the global status of EEG
research in the elderly population remains unclear.

Bibliometric analysis is a popular approach to analyze the current status of a scientific issue.'®'" Through biblio-
metric analyses, readers can gain knowledge about publication trends, related journals, hot and influential articles, and
the leading authors, institutions and countries. Some high-quality ones can further provide promising research topics. It
matters to researchers, especially the beginners. Herein, we conducted a bibliometric analysis of the original studies on
the application of EEG in the elderly.

Materials and Methods
Literature Retrieval and Selection

The inclusion and exclusion criteria were determined prior to the literature retrieval. Original studies on the application
of EEG in elderly patients were eligible. The exclusion criteria were as follows:' Review, meta-analysis, letter, meeting
paper, editorial material, book, bibliography, and retracted publication;” Invasive EEG;® The age of subjects < 60 years
old;* Publications with unclear research population. Documents tagged “Early Access” were not excluded.

The articles were searched in the Web of Science (WoS) Core Collection on 17 December 2023. The retrieval formula
was as follows: (TS=(electroencephalography) OR TS=(electroencephalogram) OR TS=(EEG)) NOT (TS=(stereoelectroen-
cephalography) OR TS=(intracranial encephalography) OR TS=(scalp electroencephalography) OR TS=(oval foramen
electrode)) AND (TS=(elderly patients) OR TS=(gerontal patients) OR TS=(geriatric patients) OR TS=(older adults)).
The document types were restricted to “Article” and “Case Report”. The publication year was set as 2014 to 2023. Manual
screening was conducted by two independent investigators. The third investigator helped deal with the disagreements.

Data Analyses and Visualization
VOSviewer (version 1.6.20) and Excel (version 2021) were applied to analyze the publications, citations, authors,
organizations, countries/regions, journals, and keywords (added by the authors and WoS) of the articles. The relation-
ships between the authors, organizations, countries/regions, journals, and keywords were then visualized. The journal
impact factor (IF) and Journal Citation Report (JCR) quartile (Edition 2022) were obtained from WoS. If a journal
belongs to more than one category, the highest JCR quartile was shown in our results.

We merged England, Scotland, North Ireland and Wales into the United Kingdom (UK). The item Turkiye was united
into Turkey. The synonyms for the high-frequency keywords were also merged.

Ethic Issues
The present study was based on articles published in an open database, and there was no private information of the

patients. Therefore, ethical approvements were not required for this study.

Results

A total of 1656 articles were retrieved from WoS Core Collection, the filters “Document Type” and “Publication Year”
excluded 616 articles. Among the 1040 documents, 385 of which were manually omitted according to the inclusion and
exclusion criteria. Finally, 655 were included in the analysis. The flowchart was shown in Figure 1.
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Publication Count and Citation Analyses

As shown in Figure 2, most articles were published in 2022 (106 articles), followed by 2021 (105 articles) and 2023 (98
articles). Generally, original researches on the application of EEG in the elderly were increasing during the past 10 years.
However, the publications tended to become relatively stable in the last 3 years. Table 1 shows the 10 most cited articles.
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Figure 2 Annual analyses of the publication counts and cumulative cited times.
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Table | The 10 Most Cited Articles on EEG in Elderly Adults

Rank Article title Source title Citations CPY

| Effect of electroencephalography-guided anesthetic administration on JAMA-Journal of the American 242 6l
postoperative delirium among older adults undergoing major surgery the Medical Association
ENGAGES randomized clinical trial

2 Old brains come uncoupled in sleep: slow wave-spindle synchrony, brain Neuron 236 47
atrophy, and forgetting

3 The ageing brain: age-dependent changes in the electroencephalogram British Journal of Anaesthesia 217 27
during propofol and sevoflurane general anaesthesia

4 Intraoperative electroencephalogram suppression predicts postoperative Anesthesia and Analgesia 187 27
delirium

5 Functional connectivity assessed by resting state EEG correlates with Clinical Neurophysiology 136 19
cognitive decline of Alzheimer’s disease - an ELORETA study

6 Human brain networks in cognitive decline: a graph theoretical analysis of | Journal of Alzheimer's Disease 125 14
cortical connectivity from EEG data

7 Sleep as a potential biomarker of tau and B-amyloid burden in the human Journal of Neuroscience 19 30
brain

8 Older people’s experiences of mobility and mood in an urban environment: | International Journal of 88 15
a mixed methods approach using electroencephalography (EEG) and Environmental Research and
interviews Public Health

9 Sleep spindles and rapid eye movement sleep as predictors of next morning | Journal of Sleep Research 83 9
cognitive performance in healthy middle-aged and older participants

10 Test-retest reliability of a single-channel, wireless EEG system International Journal of 82 12

Psychophysiology

Abbreviation: CPY, citations per year.

The top-1 article was cited 242 times in the WoS Core Database. Among the 10 articles, 2 were associated with

postoperative delirium (POD), 1 was related to AD, 3 were involved in sleep, and 2 focused on the brain network.

Author, Organization and Country/Region Analyses

Totally, 3620 authors contributed to the 655 articles in the last 10 years. The top-10 authors in terms of the publications
and citations were depicted in Figure 3A and B, respectively. The most productive author in this field was Kreuzer
Matthias (Germany, 10 publications), whereas the most influential author was Avidan Michael S (USA, 487 citations).
However, Wildes and the colleagues published the most influential article, entitled

Effect of electroencephalography-guided anesthetic administration on postoperative delirium among older adults undergoing
major surgery the ENGAGES randomized clinical trial.'?

This article, published in 2019, was cited 242 times. As shown in Figure 3C, the publication year of articles published by
Schneider, Kreuzer, Garcia, Sleigh and Spies was relatively new. Wen published the article with the highest usage count
in the last 180 days in 2023."* The article with most usage count since 2013 is “Musical neurofeedback for treating
depression in elderly people” published by Ramirez in 2015."

The articles were produced by 1205 institutions from 58 countries/regions. Harvard Medical School (USA), ranking No. 1,
published 25 articles, followed by Katholieke University Leuven (13 articles, Belgium) and Washington University (12
articles, USA) (Figure 4A). Institutions, such as Katholieke University Leuven, University of Bern (Switzerland), Capital
Medical University (China), Technical University of Munich (Germany), Beth Isracl Deaconess Medical Center (USA),
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Figure 3 Author analyses. (A) publication counts and nationalities of the top-10 productive authors; (B) total cited times and nationalities of the top-10 highly cited authors;
(C) visualization for citation analysis of the authors. The minimal occurrence of authors in the map is 5. The colors of nodes and lines are dependent on the average
publication time.

University of Auckland (New Zealand), Charite Universitatsmedizin Berlin (Germany), Columbia University (USA) and
Massachusetts General Hospital (USA), had newer research outputs (Figure 4B). As for country force, the USA is still the
leader in this area, with 187 publications (Figure 5A). China and Germany published 99 and 86 articles, respectively
(Figure 5A). The articles from Italy, Norway, Greece, Spain, Canada and the USA had higher average citation counts, whereas
articles from Iran, Ireland, Portugal, Belgium and China were less cited (Figure 5B).

Journal Analyses

Two hundred and sixty-four journals recorded these articles. Frontiers in Aging Neuroscience, with 61 documents, was
the most popular journal for researchers in this field. Other hot journals were Neurobiology of Aging, Clinical
Neurophysiology, Frontiers in Neuroscience, Journal of Alzheimer's Disease, Frontiers in Human Neuroscience,
Scientific Reports, Neuroimage, Clinical EEG and Neuroscience, Neuroscience, Sleep and Brain Sciences. The highest
Impact Factor (IF) among the 12 popular journals was 5.6, and the average IF was 3.99. There were 3 journals located in

Medical Devices: Evidence and Research 2024:17 hetps: 315

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tang et al Dove

A 30 800
(%]
§ 25 700
S 600 é
g % 500 =
2 ©
g 15 400 9
= O
S 10 300
~ 200
> 100
0 0
N QDD DN D DN DD Q QDD DD DD
@‘-)V‘\%o@ Q‘o‘?‘ @%V‘ Q‘o?“‘\,bo §6V®0<\* oS \\&q}* \{\'q}*&\,b(\ @%V“Q,bb (\’bb C{\\o & &e}’
(_){,(‘ Q2 & (5,§< (f’o 0 & & WS P & \(p \(p & & ¢
57 N RS @& T F NS
SECFOR P L F R Qg"\ PSSO
S ~(\Qo Q o (s\\ S @e’ .\\é S & ;\0“ AR Q\\\
«47} S q,‘}\\ R & & S & 00\00\* N Qe?z > o
2 Q> SO G D QY X
FF = LIRS VU W S
(9 N
K& v
B Publications === Citations
B Karolinska Inst - Dokuz Eylul Univ i
Univ Chinese Acad Sci
Univ Naples Parger;y Rcs San Raffaele Pisana
Univ Bern

Univ Calif Los Angeles

Capital Med Univ Tech Univ Munich i
pu v Auckla Massachusetts Gen Hosp Charite Univ Med Berlin Stanfard Univ
i Columbia Univ Washington Univ Beth Israel Deaconess Med Cen
#arva d Sch o .
uc Univ Montreal Katholle% Uniy Leuven
Brigh’m & Womens Hosp ry
niv Melbourne

6% VOSviewer
2018 2019 2020 2021

Figure 4 Institution analyses. (A) publication counts, total cited times and nationalities of the top-10 productive institutions. UCSF, University of California, San Francisco.
Kath Univ Leuv, Katholieke University of Leuven. Bid Med Cen, Beth Israel Deaconess Medical Center. Univ Napl Part, University of Naples Parthenope. IRCCS San Raff Pisa,
IRCCS San Raffaele Pisana. Aristotle Univ Thes, Aristotle University of Thessaloniki. (B) visualization for citation analysis of the institutions. The minimal occurrence of
institutions in the map is 7. The colors of nodes and lines are dependent on the average publication time.

the first quartile (Q1) of the Journal Citation Reports (JCR) category, 6 in the second quartile (Q2), and 3 in the third
quartile (Q3). The information of these journals was presented in Table 2. However, the average publication age of the
articles in Brain Sciences, Frontiers in Psychiatry, BMC Anesthesiology and IEEE Transactions on Neural Systems and
Rehabilitation Engineering was relatively young (Figure 6A). The British Journal of Anaesthesia, Anesthesia and
Analgesia, and Frontiers in Systems Neuroscience won higher citations in average (Figure 6B).
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Table 2 The 10 Journals with Most Publications

Journals Publications | Citations | IF2022 | IF5 year | JCR quartile
Frontiers in Aging Neuroscience 6l 544 43 52 Q2
Neurobiology of Aging 23 549 42 4.7 Q2
Clinical Neurophysiology 17 336 4.7 4.5 Ql
Frontiers in Neuroscience 16 329 43 5.2 Q2
Journal of Alzheimer's Disease 15 332 4 4.9 Q2
Frontiers in Human Neuroscience 14 136 29 3.6 Q2
Scientific Reports 13 200 4.6 49 Q2
Neuroimage Il 103 47 7 Ql
Clinical EEG and Neuroscience 11 64 2 2 Q3
Neuroscience 9 106 33 35 Q3
Sleep 9 71 5.6 6 Ql
Brain Sciences 9 16 3.3 34 Q3

Abbreviations: IF, impact factor; IF5 year, the average IF of the latest five editions; JCR, Journal Citation Reports.

Keywords Analyses

We analyzed the occurrence of keywords in these articles. The 10 keywords with the highest occurrence counts were
EEG, elderly, aging, Alzheimer’s disease, mild cognitive impairment, dementia, memory, event-related potentials,
attention and brain (Figure 7A). However, the average occurrence of anesthesia, postoperative delirium, confusion
assessment method, connectivity, validation and power were the latest (Figure 7B). EEG, elderly, aging and Alzheimer’s
disease had strong connections with other keywords (Figure 7B). The main disorders for EEG researches included AD,
dementia, epilepsy, seizures, POD, delirium, and mild cognitive impairment (Figure 7B).

Discussion

We performed a bibliometric analysis of the application of non-invasive EEG in elderly patients. A total of 655 articles
published in the last 10 years in this field were enrolled and analyzed. Generally, the development of publication counts is
positive. The global participation is wide, with 3620 investigators, 1205 organizations and 58 countries/regions. These
studies have been published in 264 journals involved in multiple disciplines.

The USA is clearly the leader in this field. The results of this study indicate that authors from the USA published 187
(28.5%) articles that were cited more than 3000 times. The top-5 authors with the highest number of citations are
American. Moreover, 6 productive institutions belong to the USA. However, European and Asian countries, such as
Germany, the UK, Switzerland, Italy, China and Japan, also made significant contributions. These countries share
a common feature of a high income, which partly confirms the mutual promotion between economics and technology.

The highly preferred journals are mainly specialized in neuroscience, which is in accordance with the more
occurrence of neurological-related keywords. Although the IF of the popular journals is not so high, they are mainly
the influential journals in the subspecialty area. The journal with the highest IF is JAMA- Journal of the American
Medical Association.'? This article is a randomized clinical trial in which the authors found that EEG-guided anesthesia
did not reduce the incidence of POD among elderly patients undergoing major surgery. The conclusion is consistent with
a recently published meta-analysis.'> However, some latest studies have reached opposing conclusions.'®!” The role of
EEG-guided anesthesia in POD seems contradictory. In fact, the key point is the value of the bispectral index (BIS),
a kind of processed EEG indicating anesthesia depth. A lower BIS value (ie <40) indicates excessive inhibition of the
brain and further the higher incidence of POD.'® Therefore, further studies should focus on the optimal anesthesia depth
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and the way to maintain the optimal depth. Another interesting point is that the articles published in two anesthesiology
journals (British Journal of Anesthesia, and Anesthesia and Analgesia) have higher average citations, indicating the
importance of EEG in anesthesiology.

According to keyword analyses, the pathophysiology related to the application of EEG in the elderly includes
neurodegenerative diseases, abnormal neural electrical activities, perioperative issues, and age-related changes in
neuroelectrophysiology. The most frequently studied diseases via EEG are AD, mild cognitive impairment and dementia,
while postoperative delirium (POD) and brain network are newer topics. On the one hand, the results indicate that
researchers in anesthesiology have put more efforts into protecting aged brains. This is a necessity for anesthesiologists
and neurologists to face with the large number of elderly surgical patients.'” On the other hand, the connectivity of
encephalic regions has been widely noticed. Advanced monitoring devices and analysis methods, such as functional
magnetic resonance imaging (fMRI), magnetoencephalography (MCG), functional near-infrared spectroscopy (fNIRS),
EEG and multimodal analysis methods, have made it possible to gradually deepen the understanding of the complex
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brain.’®*? Nevertheless, current recognition of brain is still much insufficient. The above-mentioned keywords may
become new hotspots of this field in the near future.

The present study mainly offered an overview of the current status, hotspots and trends in EEG-based researches
among older adults. We also emphasized the most productive authors, countries/regions and academic organizations to
facilitate potential cooperation. In addition, the popular journals and active journals were analyzed to help researchers.
However, there are several limitations in the bibliometric study.

First of all, despite we used many synonyms for EEG, older adults and invasive EEG, they still could not include all
the related thesauruses. In order to include the publications to the maximum extent, we used fuzzy retrieval and carefully
reviewed the method section of the alternative articles. As a result, 1656 articles were identified, of which 655 were
eligible. Secondly, we searched only the WoS Core Collection, a database that documented high-quality articles.
Therefore, our study did not analyze all the articles in this field. However, studies with high quality are more helpful.
Finally, since there are no keywords in some articles, such as articles in Anesthesia and Analgesia, and the European
Journal of Anaesthesiology, the keywords in our study actually included Author Keywords (added by the authors) and
Keywords Plus (added by WoS). However, Keywords Plus can be very different from Author Keywords. For example,
Author Keywords in Yin’s article include freezing of gait, graph theory, brain networks and transfer entropy, whereas
Keywords Plus are theta and oscillations.*> Thus, the analyses of keywords may have biases.

Conclusions

Based on 655 articles in the WoS Core Collection, the present study provides a general perspective on the original
research on EEG in the elderly. Despite the slow growth in publications, this field has produced a large number of outputs
in recent years. EEG is absolutely a hotspot in gerontology. The investigators from North America, Europe and East Asia
made significant contributions to the literature. Authors in this field are more likely to publish their works in journals that
specialize in neuroscience. The most commonly studied issues are degenerative neural disorders; however, POD and
brain network may become hotspots in the near future.
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