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Abstract

Bibliometrics has become a fundamental quantitative tool for mapping the research output of scholars, leading
journals, academic institutions, and countries. The oral microbiota is a recently studied concept that plays an
important role in the process of health and disease, especially concerning the aging process. The present study aimed
to conduct a bibliometric review to analyze the evolution of publications on the terms of "oral microbiota” and
"elderly population. The data was extracted from Scopus. Data on authors, countries, most cited journals, co-
authorship between countries and authors, co-occurrence of keywords, co-occurrence of keywords based on the year
of publication and co-citation of references were analyzed using the VOSviewer software. A total of 619 documents
(1970-2024) were retrieved, with a significant rise in publications from 2018 and a peak in 2021. Ghannoum MA, the
United States, and PLOS ONE were the most cited author, country, and journal, respectively. The most recurrent
keywords included “oral microbiota” (n=173), “microbiota” (n=53), “oral microbiome” (n=51), “saliva” (n=45), and
“periodontitis” (n=44). Findings highlight the increasing research interest in the relationship between oral microbiota
and aging, particularly in oral health and diet, emphasizing its relevance in elderly care.

Keywords: Bibliometrics; Aging; Oral Cavity; Health of the Elderly; Oral Healthcare.

Resumo

A bibliometria tornou-se uma ferramenta quantitativa essencial para mapear a producgdo cientifica de pesquisadores,
periodicos de destaque, instituigdes académicas e paises. A microbiota oral é um conceito recentemente explorado,
que desempenha papel relevante nos processos de salde e doenca, especialmente no que diz respeito ao
envelhecimento. O presente estudo teve como objetivo realizar uma revisdo bibliométrica para analisar a evolugdo das
publicagdes sobre os termos “microbiota oral” e "populagdo idosa”. Os dados foram extraidos da base Scopus. As
informacdes analisadas incluiram autores, paises, periédicos mais citados, coautorias entre paises e autores,
coocorréncia de palavras-chave, coocorréncia de palavras-chave com base no ano de publicacdo e cocitagdo de
referéncias, por meio do software VOSviewer. Foram recuperados 619 documentos no periodo de 1970 a 2024,
observando-se um aumento expressivo nas publicacBes a partir de 2018, com pico em 2021. Ghannoum MA, 0s
Estados Unidos e o periédico PLOS ONE foram, respectivamente, o autor, pais e periédico mais citados. As palavras-
chave mais recorrentes foram “oral microbiota” (n=173), “microbiota” (n=53), “oral microbiome” (n=51), “saliva”
(n=45) e “periodontitis” (n=44). Os achados destacam o crescente interesse cientifico na relagdo entre microbiota oral
e envelhecimento, sobretudo no contexto da satde bucal e da alimentagdo, evidenciando sua importancia nos cuidados
com a populagdo idosa.

Palavras-chave: Bibliometria; Envelhecimento; Cavidade Oral; Salde do Idoso; Cuidados de Salde Bucal.
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Resumen

La bibliometria se ha convertido en una herramienta cuantitativa fundamental para mapear la produccion cientifica de
investigadores, revistas de alto impacto, instituciones académicas y paises. La microbiota oral es un concepto
recientemente estudiado que desempefia un papel relevante en los procesos de salud y enfermedad, especialmente en
lo que respecta al envejecimiento. El presente estudio tuvo como objetivo realizar una revision bibliométrica para
analizar la evolucion de las publicaciones sobre los términos “microbiota oral” y “poblacion anciana”. Los datos
fueron extraidos de la base Scopus. Se analizaron datos sobre autores, paises, revistas mas citadas, coautorias entre
paises y autores, coocurrencia de palabras clave, coocurrencia de palabras clave segin el afio de publicacién y
cocitacion de referencias, mediante el software VOSviewer. Se recuperaron un total de 619 documentos en el periodo
de 1970 a 2024, con un aumento significativo en las publicaciones a partir de 2018 y un pico en 2021. Ghannoum
MA, Estados Unidos y la revista PLOS ONE fueron el autor, pais y revista mas citados, respectivamente. Las palabras
clave mas recurrentes fueron “microbiota oral” (n=173), “microbiota” (n=53), “microbioma oral” (n=51), “saliva”
(n=45) y “periodontitis” (n=44). Los hallazgos destacan el creciente interés cientifico en la relacion entre microbiota
oral y envejecimiento, particularmente en el contexto de la salud bucal y la dieta, lo que subraya su relevancia en el
cuidado de la poblacién mayor.

Palabras clave: Bibliometria; Envejecimiento; Cavidad Oral; Salud del Anciano; Salud Bucal.

1. Introduction

The global population is undergoing a rapid demographic transition. Projections suggest that by 2050, the number of
individuals aged 60 years and older will double, while those aged 80 years and older will triple (Bautmans et al., 2022; Dogra
et al., 2022). However, this demographic shift is accompanied by a rising incidence of non-communicable chronic diseases
(NCDs), including cardiovascular, neurodegenerative, and atherosclerotic diseases, metabolic syndromes, cancer, and diabetes
(Dominguez et al., 2022; Liu et al., 2023).

For a long time, aging was perceived as a negative process; however, over the years, theories of positive aging have
been increasingly explored (Behr et al., 2023). The World Health Organization (WHO) defines healthy aging as the process of
developing and maintaining functional capacity that enables well-being in older age (Rudnicka et al., 2020). The living
environment is closely linked to quality of life and healthy aging. Thus, the optimal approach to ensuring successful aging is
not characterized by treating diseases but by adopting a healthy lifestyle, where prevention takes precedence over treatment
(Mazza et al., 2021).

The gut microbiota plays a crucial role in metabolic adaptation, immune system regulation, and the functioning of the
gut-brain axis (Sun et al., 2023). Its influence is increasingly associated with both the development of diseases and the
promotion of health, with evidence showing that metabolites produced by the microbiota can directly regulate host metabolism
(Yang et al., 2023). When an imbalance occurs between commensal and pathogenic microbiomes, disrupting homeostasis, the
organism may face severe consequences, such as inflammatory bowel diseases, obesity, and diabetes mellitus. This imbalance
is often triggered by factors such as unhealthy lifestyle habits or adverse environmental conditions (Sun et al., 2023).
Furthermore, the gut microbiota is implicated in the onset of neuropsychiatric disorders, including Alzheimer's disease,
Parkinson's disease, and depression (Wang et al., 2022).

The oral microbiota is the second largest and most diverse microbial community in the human body, adapting to the
various surfaces within the oral cavity. Its composition can vary depending on factors such as temperature, pH, humidity,
saliva volume, oxygen levels, as well as behavioral and environmental conditions (Li et al., 2021; Schamarek et al., 2023;
Shaalan et al., 2022). These microorganisms play essential roles in maintaining oral and systemic health by contributing to the
synthesis and metabolism of vitamins, proteins, and lipids, nutrient processing, energy supply, immune modulation, and the
regulation of metabolic processes (Li et al., 2021; Yang et al., 2019). Alterations in the composition of the oral microbiota are
observed in the presence of oral diseases, periodontal disease, and systemic conditions such as obesity and diabetes (Shaalan et

al., 2022). Additionally, the oral microbiota has been linked to certain types of cancers, including pancreatic, colorectal, and
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head and neck squamous cell carcinoma (Yang et al., 2019).

In older adults, studies suggest that the composition of the oral microbiome is also associated with an increased risk of
ischemic stroke (IS), as demonstrated in a study by Wang et al. (2023) conducted with elderly Chinese women. Additionally,
older individuals with elevated fasting glucose levels exhibit oral microbiome dysbiosis, suggesting this may be a typical
characteristic of hyperglycemia that contributes to disease progression (Wang et al., 2019). Dysbiosis has also been linked to
the pathogenesis of Alzheimer’s disease (AD), with the microbial profile potentially serving as a biomarker for the disease's
diagnosis (Wu et al., 2021). Thus, oral cavity bacteria can be considered indicators of health in older adults (Guo et al., 2024),
underscoring the importance of further research to understand their influence on systemic health in this population. Therefore,
the present study aimed to conduct a bibliometric review to analyze the evolution of publications on the terms of "oral
microbiota" and "elderly population.”

2. Methodology

A quantitative research was carried out (Pereira et al., 2018) and the specific type of bibliometric review (Luz, 2025;
Jerez-Roig et al., 2014). This research focused on the identification of bibliometric descriptors, using the Scopus database with
the descriptors “oral microbiota” AND “elderly” OR “ageing’” OR “aged’’ in English. The research was conducted on October
1, 2024 by JLPO, BAS and MLAF, the preliminary search required consensus among the researchers to proceed. Thus, a file in
CSV format “full record and cited references” was exported and imported to the VOSviewer software version 1.6.18 (Van Eck
& Waltman, 2010; Van Eck & Waltman, 2023). The analyses were carried out in two phases: data on years of publication and
the 10 most cited articles were analyzed using the data available on Scopus. Data on authors, countries, most cited journals, co-
authorship between countries and authors, keywords cited by authors, co-occurrence of words by authors, co-authorship by
countries, citation by journals and countries and co-citation by authors were analyzed using VOSviewer software version
1.6.18.

3. Results

Our search strategy in the Scopus database initially identified a total of 677 records. After setting as screening filters
original articles, another 58 were excluded (review articles, book chapters, letters from editors, conference abstracts), leaving
619 for analysis.

The first publication was made in 1970, consisting of a single document. In 2021, there was an increase in
publications, with 93 documents published. In 2022, there was a decline in the number of published documents (51 articles),
followed by a progressive increase in the years 2023 (67 articles) and 2024 (78 articles) to date (Figure 1).
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Figure 1 - Number of published papers per year.
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In Table 1, we can observe a ranking of the ten most cited articles. In first place is the article by Ghannoum, published

in 2010, with 813 citations. Following that is the article by Fan, published in 2018, which has accumulated 535 citations. In

ninth and tenth place, the articles by Zhao and Peters, both published in 2017, were the least cited in this ranking, obtaining

276 and 275 citations, respectively.

Table 1 - Top 10 Most Cited Articles.

Title Authors Journal Year of Citations
publication
Characterization of the oral fungal microbiome (mycobiome) in healthy ~ Ghannoum et al. PLos 2010 813
individuals (2010) Pathogens
Human oral microbiome and prospective risk for pancreatic cancer: A Fan et al. (2018) Gut 2018 535
population-based nested case-control study

Bacterial diversity in the oral cavity of 10 healthy individuals Bik et al. (2010) ISME Journal 2010 500

Variations of oral microbiota are associated with pancreatic diseases Farrell et al. Gut 2012 495
including pancreatic cancer (2012)

The oral microbiota in colorectal cancer is distinctive and predictive Flemer et al. Gut 2018 406
(2018)

Periodontal disease and the oral microbiota in new-onset rheumatoid Scher et al. Arthritis and 2012 380

arthritis (2012) Rheumatism
Dysbiosis of salivary microbiota in inflammatory bowel disease and its ~ Said et al. (2014) DNA research 2014 296
association with oral immunological biomarkers

Changes in abundance of oral microbiota associated with oral cancer Schmidt et al. PLoS ONE 2014 287
(2014)

Variations in oral microbiota associated with oral cancer Zhao et al. (2017)  Scientific Reports 2017 276

Oral microbiome composition reflects prospective risk for esophageal Peters et al. Cancer Research 2017 275
cancers (2017)

Source: Own authorship (2024).
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The analysis of word co-occurrence by the authors used the criterion that each keyword should have been mentioned
in search engines at least six times. Consequently, we observed the formation of eight clusters, with the most frequently
occurring words being oral microbiota (n=173), microbiota (n=53), oral microbiome (n=51), saliva (n=45), and periodontitis
(n=44) (Figure 2). The cluster with the highest number of connections was the red cluster, with interconnected words such as
microbiota, saliva, and probiotics. In the dark blue cluster, the occurrence of the main keywords related to the theme of the
present study is evident, where the term oral microbiota shows strong connections with the words aging, elderly, gut

microbiota, among others (Figure 2).

Figure 2 - Co-occurrence of keywords proposed by the authors of the documents.
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When evaluating the co-occurrence of keywords by authors with an emphasis on the year, research on the topic began
in 2014. However, exploratory studies related to oral microbiota, aging, elderly, among others, started to gain momentum
between mid-2018 and 2020 (Figure 4). It is important to note that from 2020 onwards, the documents published on oral
microbiota began to be associated with keywords such as oral health, diet, oral microbiome, dysbiosis, gut microbiota, among

others, becoming more consolidated in 2022 (Figure 3).
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Figure 3 - Co-occurrence of keywords by authors by year.
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Regarding the partnerships between countries for the publication of documents on the topic, we can observe the
formation of five clusters. The criterion used was that the minimum number of documents per country was set at ten. Thus, we
observe the formation of five clusters and note that the countries with the highest number of co-authored published documents

are represented by the red cluster, which includes collaborations among countries such as the United States, China, Japan,
Brazil, South Korea, and Hong Kong (Figure 4).

Figure 4 - Co-authorship of published documents between countries.
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The number of citations was analyzed through journals and countries (Table 2). Regarding the most cited journals on
the topic, Plos One (n = 1676) and Scientific Reports (n = 1419) were the ones that received the most citations for their
published documents. Among this list of the top 10 most cited journals, the Journal of Clinical Periodontology (n=319) and
Archives of Oral Biology (n=303) received the fewest citations (Table 2). As for the countries, the United States (n = 9045)
and China (n = 4578) received the most citations in this ranking, while Germany (n = 689) and Finland (n = 605) were the

countries that received the fewest citations on the topic (Table 2).

Table 2 - Top 10 Most Cited Documents among Journals and Countries.

Journals Number of documents  Number of citations
Plos One 29 1676
Scientific Reports 32 1419
Frontiers in Cellular and Infection Microbiology 31 747
Microbiome 8 554
Frontiers in Microbiology 15 416
BMC Microbiology 10 367
Journal of Dental Research 8 341
Microbial Pathogenesis 6 330
Journal of Clinical Periodontology 8 319
Archives of Oral Biology 7 303
Countries Number of documents  Number of citations
United States 142 9045
China 158 4578
Japan 63 1693
Brazil 54 1628
Sweden 28 1361
United Kingdom 32 1095
Spain 17 739
Netherlands 14 726
Germany 21 689
Finland 18 605

Source: Own authorship (2024).

The data related to author co-citation are represented in Figure 5. The criterion used for the formation of the network
map was set at a minimum of 80 times an author was cited. Thus, we can observe the formation of three clusters. In the green
cluster, the authors with the strongest connections among others are Paster, B. J., Dewhirst, F. E., Haffajee, A. D., and
Socransky, S. S. (Figure 5). In the blue cluster, the notable authors are Knight, R., and Caporaso, J. G. (Figure 5). In the red
cluster, the strong connections are represented by Li, Y., lzard, J., Chen, T., and Gevers, D. (Figure 5).
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Figure 5 - Co-citation by authors.
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4. Discussion

Bibliometric analysis is an effective numerical assessment tool for evaluating publications across various fields and
specific time periods, as well as the relationships between these publications (Stelmach et al., 2022). Bibliometrics constitutes
a branch of library and information science, used to study the size, growth, and distribution of scientific documents in an effort
to assess their impact on the academic community (Garcia-Villar & Garcia-Santos, 2021).To the best of our knowledge, this is
the first bibliometric analysis to present the dynamics of article production within a specific category in this field and
population. We analyzed publications on oral microbiota in the elderly population, with the particularity of selecting only
original articles since the emergence of publications in this area, aiming to map the trend of the oral microbiota concept in
older adults.

In the present bibliometric analysis, 619 articles were examined, primarily reflecting the increase in publications since
2021. This surge in research may be a consequence of the growing attention given to the role of oral microbiota in the
development and prevention of chronic diseases such as diabetes, cancer, cardiovascular diseases, inflammatory bowel disease,
and Alzheimer's disease (Peng et al., 2022). Furthermore, these chronic conditions are of significant relevance to healthcare
systems, particularly due to their impact on a large proportion of the elderly population (Da Silva e Silva et al., 2024; Nilson et
al., 2020).

The possible explanation for the relationship between oral microbiota and the development of chronic diseases stems
from the fact that the composition of oral microbiota can be disseminated to other tissues and cause inflammatory
complications that worsen or contribute to the onset of pathologies (Hajishengallis & Chavakis, 2021). Among the top 10 most
cited articles, the first-ranked study evaluated oral microbiota in healthy individuals (Ghannoum et al., 2010), as did the study
in the third position of the top 10 (Bik et al., 2010). However, in the other articles comprising the most cited group, the
predominant subject was the development of gastrointestinal cancers such as pancreatic cancer (Fan et al., 2018; Farrell et al.,

2012), colorectal cancer (Flemer et al., 2018), oral cancer (Schmidt et al., 2014; Zhao et al., 2017), and esophageal cancer
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(Peters et al., 2017). In addition, inflammatory bowel disease (Said et al., 2014) and rheumatoid arthritis (Scher et al., 2012)
were also topics associated with oral microbiota mentioned in this group.

The most frequently occurring terms were oral microbiota (n=173), microbiota (n=53), oral microbiome (n=51),
saliva (n=45), and periodontitis (n=44) (Figure 2), reflecting the association between the terms microbiota and periodontitis,
given that bacterial growth in the oral region can be the initial cause of periodontitis (Hussein et al., 2022). When analyzing the
interconnection of terms, microbiota, saliva, and probiotics exhibited the highest number of linkages. This is because
probiotics are live microorganisms with significant potential to modify the composition of the oral microbiota, thereby
contributing to the reduction of major periodontal pathogens (Di Stefano et al., 2022).

Regarding publication venues, the journals PLOS ONE, Scientific Reports, and Frontiers in Cellular and Infection
Microbiology rank among the top three in terms of the number of published documents and citations. These journals have
impact factors of 2.9, 3.8, and 4.6, respectively, according to Clarivate (2023), and are indexed in major databases such as
PubMed, Web of Science, and Scopus. This indexing highlights the credibility and scientific relevance of the studies published
in these journals.

The countries with the highest number of co-authored publications were the United States, China, Japan, Brazil, South
Korea, and Hong Kong. The United States (n = 9,045) and China (n = 4,578) received the highest number of citations in this
ranking, whereas Germany (n = 689) and Finland (n = 605) had the lowest citation counts on the studied topic. Brazil ranks
fourth in both the number of publications and citations but still has significant progress to make in this field.

The present bibliometric analysis has some potential limitations: only the Scopus database was used; however, it is a
commonly utilized and reliable source for bibliometric studies, covering a broad range of journals (Falagas et al., 2008).
Additionally, it is well recognized that bibliometric analysis does not allow for the direct assessment of the scientific rigor of
all studies, nor does it automatically confirm that every review written by an established scientific author is of high quality.
Nevertheless, this is not the primary objective of a bibliometric review, which aims to assess publication trends and research

impact within a given field.

5. Conclusion

The highest number of published papers on the topic of oral microbiota and elderly individuals was observed in the
year 2021. From 2018 onward, the areas of oral health and diet became increasingly prominent concerning this subject. The
United States stands out as the country with the highest number of citations, while China leads in terms of the highest number
of documents published on the proposed topic. Thus, there is a notable increase in research in the field of oral microbiota and

aging, highlighting it as a promising area for investment in promoting health and well-being in aging populations.
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