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Background: Dementia is a progressive neurodegenerative condition, while metabolic syndrome (MetS) is characterized by a combination of metabolic abnormalities such as hypertension, high blood sugar, and obesity. There exists a connection and overlap between the two conditions in certain aspects, and both are influenced to varying degrees by the process of aging. This study presents an overview of the current research landscape regarding dementia and MetS through bibliometric analysis.

Methods: A systematic search was conducted to retrieve relevant literature on dementia and MetS published between 1 January 2000, and 30 November 2023, from the Web of Science Core Collection database. Various bibliometric tools, including VOSviewer, CiteSpace, and the R software package “bibliometrix,” were utilized for analysis.

Results: A total of 717 articles were identified, showing an upward trend in annual publications. Leading contributors included the United States, Italy, and China, with institutions such as the University of California System at the forefront. The Journal of Alzheimer’s Disease emerged as the top publisher, while research published in Neurology garnered significant citations. Noteworthy authors encompassed Panza, Francesco; Frisardi, Vincenza; and Feldman, Eva L, with Kristine Yaffe being the most cited author (280 citations). Recent studies have focused on themes like “gut microbiota,” “neuroinflammation,” “fatty acids,” and “microglia.”

Conclusion: This bibliometric analysis summarizes the foundational knowledge structure in the realm of dementia and MetS from 2000 to 2023. By highlighting current research frontiers and trending topics, this analysis serves as a valuable reference for researchers in the field.
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1 Introduction

As the global population continues to grow and life expectancy increases, aging will become a worldwide challenge. According to the World Health Organization, by 2050, the population aged 65 and above is expected to reach 1.5 billion (Zhylkybekova et al., 2023). Aging, accompanied by the inevitable decline in human physiological processes, is unavoidable. With increasing age, the function of various bodily systems gradually decreases, leading to cellular aging, chronic inflammation, and mitochondrial dysfunction, among other physiological changes (Paneni et al., 2017). Additionally, aging is one of the major risk factors for neurodegenerative diseases such as dementia and Alzheimer’s disease. Dementia, a general term for diseases characterized by cognitive impairment, severely affects the daily life, work, and social interactions of patients (Oxbøll et al., 2024). The global incidence of dementia is rapidly increasing, with an expected 75.6 million people affected by 2030 (Zhang et al., 2020), posing a significant economic burden on society. Recent research has pinpointed cellular aging as a critical element in the aging phenomenon, potentially influencing the progression of Alzheimer’s disease through neuroinflammation (Behfar et al., 2022). Studies have unveiled the presence of secretory phenotype proteins associated with cellular aging, such as interleukin-6, insulin-like growth factor binding protein, transforming growth factor-beta, and matrix metalloproteinase-10, in cerebrospinal fluid and blood plasma samples from Alzheimer’s disease patients (Ray et al., 2007; Duits et al., 2015; Whelan et al., 2019). These findings underscore the potentially pivotal role of cellular aging in the onset and progression of Alzheimer’s disease.

Metabolic syndrome (MetS) is a collection of disorders involving abnormalities in lipid and glucose metabolism, including hypertension, hyperlipidemia, glucose irregularities, and obesity (Barzegar-Amini et al., 2021), thereby heightening the vulnerability to cardiovascular diseases. The global prevalence of MetS has been steadily increasing. Current estimates suggest that over one billion individuals worldwide are afflicted with MetS (Saklayen, 2018), with projections indicating a further rise in numbers. Aging is intricately linked to MetS, with their interplay heightening the susceptibility to cardiovascular diseases. Aging represents a gradual decline in physiological functions, where the presence of MetS can negatively impact energy equilibrium, glucose regulation, and blood pressure control as one age, potentially hastening the aging process. Immune system aging and the chronic inflammatory state during aging are key factors that may contribute to the progression of MetS (Veronica and Esther, 2012). Additionally, the association between MetS and dementia remains contentious. While a cohort study conducted in Singapore identified a connection between MetS and an increased risk of dementia (Ng et al., 2016), conflicting conclusions have been drawn in other studies. Consequently, the intersection of aging, dementia, and MetS presents a multifaceted and overlapping constellation, with research on their relationships still inconclusive. Particularly, investigations into the correlation between aging and these two conditions are in the early stages. Hence, conducting a thorough analysis of the developmental trajectories in the realms of dementia and MetS holds substantial significance.

Bibliometrics serves as a method of literature analysis that assesses the publication output and prevailing status of a specific research domain from both quantitative and qualitative standpoints (Ishmuratova et al., 2023). It systematically delineates the developmental trajectories and focal points within the designated domain. Various bibliometric tools have been devised to aid researchers across diverse disciplines in crafting knowledge frameworks. Prominent tools in this domain encompass CiteSpace (Chen, 2006), VOSviewer (van Eck and Waltman, 2010), and the “bibliometrix R” software package (Aria and Cuccurullo, 2017). These tools facilitate bibliometric inquiries from diverse perspectives, inclusive of co-authorship and institutional collaboration analysis, keyword investigation, and citation scrutiny, offering an efficient means to swiftly apprehend research trends and focal areas in a particular domain.

Despite the escalating focus and comprehension regarding MetS, dementia, and age-related disorders, accompanied by a growing body of studies in this realm, there persists an absence of comprehensive bibliometric scrutiny to delineate the research tendencies and focal areas of MetS and dementia. Visualization techniques provide researchers with a more intuitive comprehension of pivotal aspects. Consequently, the amalgamation of bibliometrics and visualization reviews, termed two-level research (Kumar et al., 2021), has become a prevalent approach to bridge this gap. The primary objective of this study is to meticulously analyze the progression of the MetS and dementia research domains, furnishing a holistic insight into present-day trends and research themes for forthcoming investigations.



2 Materials and methods


2.1 Retrieval strategy

The literature search was conducted on 6 December 2023, utilizing the Web of Science Core Collection (WoSCC) platform,1 covering the timeframe from 1 January 2000, to 30 November 2023. The primary search terms included “dementia,” “vascular dementia,” “Alzheimer’s disease,” “Lewy body dementia,” and “metabolic syndrome.” The search criteria targeted titles, author keywords, and abstracts, with document types limited to “articles” and “reviews,” and the language set to “English.” The Topic (TS) module of WoSCC comprises the paper title (TI), abstract (AB), author keywords (DE), and Keywords Plus (ID), which includes additional terms extracted from referenced literature titles. Utilizing the paper title (TI), abstract (AB), and author keywords (DE) for advanced searches enhances result accuracy (Fu et al., 2012). Further details on the search methodologies are found in Supplementary Table 1.

The initial search retrieved 772 documents, comprising 416 articles and 301 reviews. Two researchers independently conducted the literature review and validation process. Upon filtering out literature that did not meet the inclusion criteria, such as meeting abstracts, conference papers, editorial materials, letters, corrections, book chapters, retracted publications, and early access articles, the data was exported in the “full record and citation” format, resulting in 717 documents for analysis. A detailed illustration of the research process is shown in Figure 1.
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FIGURE 1
Workflow diagram.




2.2 Data analysis

VOSviewer (version 1.6.20) is a specialized tool for bibliometric analysis, adept at extracting crucial data from a vast array of publications (Pan et al., 2018). Widely utilized for constructing collaborative, co-citation, and co-occurrence networks, this software was instrumental in our study, enabling analyses of countries and institutions, journals and co-cited journals, authors and co-cited authors, as well as keyword co-occurrence. VOSviewer creates visual maps where each node represents a country, institution, journal, or author. Node size and color signify the quantity and category of entities, respectively, while line thickness between nodes reflects the level of collaboration or co-citation.

Developed by Professor Chaomei Chen, CiteSpace (version 6.2.R4) serves as a sophisticated tool for bibliometric analysis and visualization (Synnestvedt et al., 2005). In this study, CiteSpace was utilized to analyze countries and institutions, keyword co-occurrences, clustering, burst analysis, and conducting citation burst analysis on the compiled literature. The visual representation of CiteSpace features nodes representing countries/regions, institutions, keywords, co-cited documents, and co-cited journals. Interconnections between these nodes depict collaborations among countries/regions and institutions, author partnerships, occurrences of keyword co-occurrence, and citations of literature and journals. Central nodes identified by CiteSpace highlight key focus areas within the research field (Wu et al., 2022).

For analyzing sources, keywords, strategic coordinate maps, and developing a global cooperation network from the retrieved articles, the “bibliometrix” R package (version 3.2.1) was utilized, accessible at https://www.bibliometrix.org. Furthermore, publication output trends over the years were visually represented using OriginPro 2023, providing a comprehensive overview of the field’s evolution and collaborative endeavors.




3 Results


3.1 Publication analysis

Figure 2 illustrates a consistent upward trend in research literature concerning MetS and dementia. The analysis of annual publication growth rates delineates the timeline into three distinct phases: Phase I from 2000 to 2008, Phase II from 2009 to 2018, and Phase III from 2019 to 2023. This temporal breakdown, as depicted in Figure 2, unveiled that during Phase I, the field was in its formative stage, with an average annual publication rate of approximately 6.6 papers. Phase II exhibited a notable escalation in research endeavors, evident from an average of 34.4 papers published annually. Notably, Phase III saw a considerable upsurge in research productivity, with an average of about 64 papers per year. Notably, in the last 5 years corresponding to Phase III, there was a sustained and substantial ascent in publications addressing the confluence of MetS and dementia, signifying a growing interest and an expanded research landscape compared to the preceding phases.
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FIGURE 2
Annual publications trends of dementia and metabolic syndrome.




3.2 Country and region analysis

As illustrated in Figure 3, the body of research literature encompassing dementia and MetS emerged from 71 countries and regions. In the figure, the color intensity correlates with the publication volume from each country: darker shades denote higher publication numbers. The foremost contributor in terms of publication volume was the United States, presenting 281 papers, equating to 27.82% of the total, followed by Italy with 64 papers (6.34%), China with 45 papers (4.46%), and the United Kingdom with 44 papers (4.36%). To streamline the analysis, countries with 25 or more publications were accentuated, culminating in the creation of a collaborative network map, as depicted in Figure 4. Each node in this network represents a country or region, with the node size corresponding to its publication volume. Furthermore, the presence of an outer purple ring surrounding the nodes indicates the betweenness centrality of each country, with the ring thickness reflecting the degree of this centrality measure. This metric serves to indicate the pivotal bridging role of a node within the network structure (Brandes, 2001). The network illustrated in Figure 4 elucidated that the United States, the United Kingdom, and Germany exhibited significant betweenness centrality, emphasizing their instrumental roles in fostering research collaborations concerning dementia and MetS.
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FIGURE 3
Country collaboration map for dementia and metabolic syndrome.
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FIGURE 4
National collaborative map for dementia and metabolic syndrome.




3.3 Institutional analysis

Through a comprehensive examination, it was identified that 402 institutions contributed to the scholarly discourse within this domain, with their collaborative relationships depicted in Figure 5. Within this visualization, each node represents an institution, with node size corresponding to the institution’s publication output. Interconnecting lines denote collaborative endeavors, where the color depth indicates the longevity of the collaboration: deeper hues signify enduring partnerships, while lighter shades denote more recent associations. As detailed in Table 1, among the top 10 institutions by publication volume, eight hailed from the United States, with the remaining establishments located in Sweden and Italy. Noteworthy is the preeminent position held by the University of California System, which boasted the highest publication count (n = 38) within this group of institutions, alongside the most substantial centrality score (0.21). This highlights its pivotal role in the collaborative network concerning research on dementia and MetS.
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FIGURE 5
The co-occurrence map of institutions in dementia and metabolic syndrome.



TABLE 1 Top 10 institutions in dementia and metabolic syndrome research.
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3.4 Journal and co-cited journal analysis

This analysis encompassed 717 articles distributed across 377 different journals. Table 2 highlights the top 10 journals by publication count, with the “Journal of Alzheimer’s Disease” leading with 34 papers, followed by the “International Journal of Molecular Sciences” with 24 papers, and “Nutrients” with 12 papers. The average impact factor among these journals stands at 4.97, with half of them positioned within the top quartile (Q1) in their respective fields.


TABLE 2 Top 10 journals in publication count.
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Table 3 presents the top 10 journals based on their frequency of co-citations. “Neurology” emerges as the most frequently co-cited journal, accumulating 1,492 citations, followed by “Journal of Alzheimer’s Disease” with 1,296 citations, “Journal of Biological Chemistry” with 1,086 citations, and “Proceedings of the National Academy of Sciences of the United States of America” with 1,021 citations, each exceeding a thousand co-citations. Within these leading journals, five hold status as Q1 mainstream publications. Noteworthy is “Nature,” with the highest impact factor of 64.8, underscoring its significant influence within the scientific community.


TABLE 3 Top 10 journals in co-citation frequency.
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3.5 Author and co-cited author analysis

The co-authorship network graph in Figure 6 depicted 3,710 authors actively engaged in research pertaining to dementia and MetS. This visual network specifically targeted authors with a collaboration frequency of two or more. Each node in the visualization represented an individual author, with node size correlating to their publication count. Larger nodes denoted a higher publication volume, while the connections between nodes signified co-authorships, whereas denser links indicated more extensive collaborative relationships. Table 4 highlights the top 20 authors making significant contributions to the research on dementia and MetS. These individuals emerged as key figures in the field, often associated within the same research groups, indicative of a robust collaborative network. Notably, Panza, Francesco; Frisardi, Vincenza; and Seripa, Davide from the Orthogeriatric Unit and Center for Diagnosis of Cognitive Disorders and Dementia, Istituto di RicerCa a Carattere Scientifico, have co-authored 23 papers collectively. Feldman, Eva L, ranking third, has authored seven papers, frequently collaborating with Kim, Bhumsoo from the University of Michigan. Cristiano Capurso and Gianluigi Vendemiale, both from the University of Foggia, exemplify effective institutional collaboration. Furthermore, significant contributors include Yaffe, Kristine from the University of California, De La Monte, Suzanne M. from Rhode Island Hospital and the Warren Alpert Medical School of Brown University, and Solfrizzi, Vincenzo from the University of Bari Aldo Moro. In terms of co-cited authors, as depicted in Figure 7, Yaffe, Kristine and De La Monte, Suzanne M. emerged as the most frequently co-cited individuals, highlighting their substantial impact and influence in this research domain.
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FIGURE 6
Co-authorship network analysis of dementia and metabolic syndrome.



TABLE 4 Top 20 productive authors and co-cited authors.
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FIGURE 7
Co-cited authors network on dementia and metabolic syndrome.




3.6 Research hotspots and trends


3.6.1 Co-cited references

Co-cited references are foundational components extensively referenced together in various publications, underpinning specific research domains. In the realm of dementia and MetS studies, a substantial wealth of knowledge has accumulated, with 56,627 co-citations documented over the preceding two decades. Table 5 encapsulates the central research themes associated with the top 10 co-cited references, each amassing 40 or more co-citations. To facilitate a more comprehensive analysis, references with a minimum of 28 co-citations were chosen to construct a co-citation network diagram, visualized in Figure 8. This diagram illuminates the interconnectedness among influential works such as “Yaffe, 2004, JAMA-J Am Med Assoc,” “Vanhanen et al., 2006, Neurology,” and “Raffaitin et al., 2009, Diabetes Care.”


TABLE 5 Ten most co-cited references.
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FIGURE 8
Co-cited network of references in dementia and metabolic syndrome.


The term “citation burst” denotes a surge in citations for specific documents within a defined timeframe, signifying heightened interest and relevance within the research community. Figure 9 outlines the top 25 documents ranked by citation burst, with red bars denoting the duration of each burst. The document exhibiting the highest burst intensity (9.7) is “The Global Epidemic of the Metabolic Syndrome” by Saklayen (2018), which experienced a pronounced citation surge from 2020 to 2023. Closely following is the paper “Metabolic syndrome and cognitive decline in elderly Latinos: findings from the Sacramento Area Latino Study of Aging” by Yaffe et al. (2007), published in the Journal of the American Geriatrics Society, with a substantial citation burst from 2009 to 2012, underscoring its significant impact within the field.


[image: image]

FIGURE 9
Top 25 burst references of dementia and metabolic syndrome.




3.6.2 Keyword co-occurrence and cluster analysis

Keyword co-occurrence analysis serves as a valuable method to swiftly pinpoint research trends within a specific field. Figure 10A displays a keyword co-occurrence map concerning dementia and MetS research, generated using CiteSpace 6.2.R4. The analysis was enhanced through the application of a g-index (k = 25) and the utilization of network pruning techniques such as Pathfinder and Pruning the merged network. This meticulous process culminated in a comprehensive map featuring 550 nodes and 1,128 links, demonstrating a network density of 0.0075. Node size in this visual representation corresponds to the frequency of keyword occurrences, with link thickness indicating the strength of co-occurrence associations between keywords. Noteworthy are keywords encircled by purple lines, denoting high centrality and underscoring their pivotal role and influence within the research network (Zhang et al., 2023). Among the foremost keywords identified were “Alzheimer’s disease” (350 occurrences), “metabolic syndrome” (333 occurrences), and “risk factors” (162 occurrences). In Figure 10B, an overlay visualization of author keywords is presented, where the color gradient from dark blue to light yellow signifies the chronological progression of keyword introductions. Early research predominantly concentrated on terms like “cholesterol,” “leptin,” “blood pressure,” “hyperlipidemia,” and “vascular risk factors.” In contrast, contemporary research has shifted focus toward “gut microbiota,” “neuroinflammation,” “fatty acids,” and “microglia,” signaling the emergence of new research hotspots and thematic directions within the field.
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FIGURE 10
Keyword analysis visualization map. (A) Keywords co-occurrence analysis. (B) Co-occurrence overlay analysis of author keywords. (C) Keywords cluster analysis. (D) Keywords burst detection.


Keyword clustering analysis is employed to assess the distribution and interrelations of studies within a specific field (Pan et al., 2018). In our research, we utilized the Log-Likelihood Ratio (LLR) test algorithm via CiteSpace software. A smaller cluster number indicates a more extensive body of literature, signifying increased research prominence within that particular cluster. Following the keyword clustering analysis, we recognized 21 significant clusters, as illustrated in Figure 10C. The Modularity Q value achieved for this keyword clustering stood at 0.7718 (>0.3), indicative of a robust clustering structure. Moreover, the Mean Silhouette score was calculated at 0.9027 (>0.7), revealing a high degree of coherence among the members of each cluster. These clustering outcomes facilitated the broad categorization of current research trends and focal points into three primary areas: (1) investigation of shared pathological mechanisms, evident in clusters such as #4, #5, #7, #8, #9, #13, and #15; (2) examination of pharmacological treatments, represented in clusters #9 and #16; and (3) analysis of lifestyle factors and preventive strategies, encompassed by clusters #0, #12, #18, and #20.



3.6.3 Keyword burst detection

Keyword burst analysis is a valuable method for identifying significant spikes in the frequency of specific keywords within a brief timeframe, signifying a shared interest among researchers in a specific field (Hu et al., 2022). This technique proves instrumental in monitoring the evolution of trending topics and guiding predictions regarding future research directions. In our investigation, CiteSpace was utilized to pinpoint 15 keywords displaying notable burst patterns. As illustrated in Figure 10D, each horizontal bar corresponds to a year, with red segments denoting periods characterized by intense citation bursts, with the longest burst spanning 14 years. Historically, keywords like “coronary-heart-disease” (2000–2014), “c-reactive protein” (2004–2012), and “cardiovascular risk factors” (2009–2015) commanded prolonged research attention. In a similar vein, “vascular dementia” prominently featured from 2010 to 2016. Conversely, recent keywords such as “neurodegenerative diseases” (2017–2023), “gut microbiota” (2020–2023), and “receptors” (2020–2021) have emerged more recently, indicating a shift toward these areas in contemporary dementia and MetS research.





4 Discussion


4.1 General information on dementia and MetS research

This study conducts a bibliometric analysis to explore the research trajectory on dementia and MetS over the past two decades. An analysis of annual publication volumes indicates a marked rise in the number of publications, especially notable since 2018. This increasing trend is likely associated with global economic growth, improvements in living standards, and heightened public awareness of health-related issues.

The analysis of collaborative networks among countries, institutions, and authors reveals that the United States is a key player in the field of dementia and MetS research, demonstrating the highest centrality and volume of publications, with Italy also making significant contributions. Remarkably, 80% of the top research institutions in this field are located in the United States. However, from a global perspective, research in this domain is markedly imbalanced, with a concentration in developed countries such as the United States and Europe, while many developing and low-income countries, particularly in regions like Africa and Central and South America, exhibit a severe lack of studies. Despite this, the incidence of dementia and MetS in these regions remains deeply concerning. According to the GBD 2019 Dementia Forecasying Collaborators (2022), the global population affected by dementia is expected to increase from 57 million in 2019 to 153 million by 2050, with the most substantial rise projected in Eastern Sub-Saharan Africa. Here, dementia cases are anticipated to grow by 357%, from approximately 660,000 in 2019 to over 3 million by 2050, with Djibouti, Ethiopia, and South Sudan experiencing the most dramatic increases of 473%, 443%, and 396%, respectively. Similarly, North Africa and the Middle East are predicted to see an increase of 367% in dementia cases, from under 3 million to nearly 14 million, with Qatar, the UAE, and Bahrain facing particularly significant increases of 1,926%, 1,795%, and 1,084%, respectively. Additionally, the prevalence of MetS is notably high in these areas, with rates of 27.65% in South America, 21.27% in Asia, 16.04% in Africa, and 10.47% in Europe (Roomi and Mohammadnezhad, 2019). Given the trends of population growth and aging, both dementia and MetS, whether occurring separately or concomitantly, present significant challenges to socioeconomic development and healthcare systems. Consequently, there is an urgent need for these countries and regions to intensify their research efforts, actively participate in international cooperation and exchanges, and make more substantial contributions to the study and prevention of dementia and MetS.

In terms of individual contributions, Francesco Panza and Vincenza Frisardi stand out as prominent figures with substantial publication counts in this field. On the citation impact front, Kristine Yaffe, Suzanne M. De La Monte, and Suzanne Craft are the top three most highly cited authors, each affiliated with different prestigious American institutions. Although they do not possess the highest number of publications, their profound influence underscores their pivotal roles in advancing research in this area.

Concerning publication venues, the Journal of Alzheimer’s Disease leads in terms of article volume, while Neurology is the most cited journal. Both journals, which are primarily focused on the treatment and prevention of neurodegenerative diseases, hold high academic prestige and are internationally recognized for their contributions to the field.



4.2 Analysis of research hotspots and trends

The analysis of cited references and keywords is crucial for rapidly identifying the distribution and evolution of key themes within the research fields of dementia and MetS (Xu et al., 2023). References or keywords that attract high citation counts indicate significant engagement or prevalent use within a specific timeframe (Sun et al., 2022). Excluding common terms such as “Alzheimer’s disease,” “metabolic syndrome,” and “dementia,” Figure 10A predominantly showcases keywords such as “oxidative stress,” “insulin resistance,” “cognitive impairment,” “body mass index,” and “risk factors.” By integrating keyword clustering and burst detection analyses, the study identifies that research on dementia and MetS may focus on the following areas:

MetS encompasses risk factors such as hypertension, elevated blood sugar, and high cholesterol levels, which significantly increase the likelihood of cardiovascular diseases, stroke, and dementia (Fraade-Blanar et al., 2018; Kumar, 2022; Evans et al., 2023; Junger et al., 2023). There is growing evidence linking MetS with structural brain changes and cognitive decline (Martinelli et al., 2017). Our study underscored the importance of early research keywords like oxidative stress, neuroinflammation, and microglial cells, highlighting their pivotal roles. Oxidative stress and neuroinflammation are recognized as common contributory factors in both dementia and MetS (Popa-Wagner et al., 2018). MetS contributes to the generation of reactive oxygen species, impairs cellular antioxidant defenses, and triggers chronic low-grade inflammation (Buckland et al., 2024). This inflammatory state allows cytokines to breach the blood-brain barrier, leading to neuroinflammation, which facilitates the accumulation and reduced clearance of β-amyloid proteins and the aggregation of tau proteins, thereby exacerbating Alzheimer’s disease pathology. Additionally, oxidative stress is implicated in the formation and accumulation of β-amyloid proteins and the phosphorylation of tau proteins, perpetuating a detrimental cycle (Kim et al., 2015; Rahman et al., 2021). Our findings also emphasized the role of microglial cells and the NF-κB signaling pathway in these processes. Microglial cells, serving as macrophages within the central nervous system, produce inflammatory cytokines and reactive oxygen species that contribute to further neuronal damage (Wang et al., 2021). The NF-κB transcription factor plays a crucial role in regulating the expression of inflammatory markers and adhesion molecules, fostering the recruitment of inflammatory cells (Xu et al., 2015). It also governs the equilibrium between oxidative stress and inflammatory responses by modulating the expression of antioxidant enzymes and NADPH oxidase, thus playing a pivotal role in Alzheimer’s disease progression (Islam, 2017). Recent research has shed light on the connection between gut microbiota and MetS (Mustafa et al., 2022). Fecal microbiota transplantation (FMT) is emerging as a prospective therapeutic avenue. A review by Guzzardi et al. (2023) suggests that FMT can modulate blood glucose and lipid levels by regulating short-chain fatty acids, bile acids, and amino acids. Animal studies indicate that FMT could potentially ameliorate or exacerbate cognitive decline, presenting new treatment prospects for dementia and MetS, albeit necessitating further empirical validation. In conclusion, the interconnected pathogenic mechanisms between MetS and dementia are complex, encompassing elements beyond oxidative stress and neuroinflammation, including genetic and neuroendocrine factors such as dysregulation of the HPA axis (Martocchia et al., 2016).

Our study also revealed the emergence of keywords like “older adults” and “age-associated neuroendocrine disorders,” underscoring the intimate relationship between aging and MetS. Oxidative stress, inflammation, and mitochondrial dysfunction play pivotal roles as crucial mediators of both aging and MetS, with the three factors intricately interacting in this process. Aging contributes to heightened oxidative stress levels, instigating pathophysiological transformations associated with oxidative stress (Veronica and Esther, 2012; Li et al., 2020), while also amplifying inflammation levels and influencing endothelial function through regulatory pathways, cytokine generation, and immune responses (Packard and Libby, 2008). Simultaneously, aging induces disruptions in mitochondrial structure, accumulation of mitochondrial DNA mutations, and a decline in mitochondrial oxidative phosphorylation function (Kraytsberg et al., 2006; Lee et al., 2007; Kowald and Kirkwood, 2011), leading to augmented oxidative stress and excessive apoptosis of neuronal cells. The dysfunctional mitochondria generate a surplus of reactive oxygen species, further exacerbating oxidative stress, damaging proteins and DNA, and sparking lipid peroxidation reactions, thereby hastening the aging process (Watanabe et al., 2021). Furthermore, as individuals age, the advancement of MetS may accelerate aging. MetS has the potential to expedite cell senescence and tissue degradation by impacting the expression of longevity genes, inducing mitochondrial dysfunction, provoking oxidative stress injuries, and affecting overall physiological function (Bonomini et al., 2015). Penninx et al. (2009) demonstrated that compared to individuals without MetS, elderly individuals with MetS exhibited a higher likelihood of physical decline, with hypertension patients notably predisposed to functional decline. The multifaceted adverse effects of aging on MetS and vice versa highlight the intertwined relationship between the two processes, with the presence of MetS further speeding up the aging trajectory. However, despite these profound interconnections, there remains a scarcity of research on comprehensively understanding and exploring the dynamic interplay between aging and MetS, an area deserving increased attention from researchers.

The identification and management of risk factors constitute a fundamental aspect of research in dementia and MetS. Hypertension, obesity, hyperlipidemia, and insulin resistance are recognized as significant pathogenic factors contributing to the development of both MetS and dementia (Fadó et al., 2022). However, these factors are interconnected, complicating the determination of their individual impacts on dementia and their relationships with cognitive decline (Akbaraly et al., 2010). Previous studies suggest diverse responses of MetS components to various dementia subtypes (Rouch et al., 2014). For instance, a strong association is noted between elevated blood sugar, high triglycerides, low HDL levels, Alzheimer’s disease, and MetS (Razay et al., 2007). In contrast, high blood pressure has indicated a negative correlation with the risk of Alzheimer’s disease. However, longitudinal studies have reported conflicting results, indicating that MetS may elevate the risk of vascular dementia, notably linked to high triglyceride levels, diabetes, and overall vascular dementia risk (Raffaitin et al., 2009). Intriguingly, metabolic cardiovascular syndrome appears to elevate the risk of vascular dementia more significantly than Alzheimer’s disease. Moreover, women with MetS face a greater risk of developing Alzheimer’s disease compared to men with MetS (Vanhanen et al., 2006). Discrepancies in these findings may result from variations in research methodologies, statistical methods, follow-up durations, and the presence of confounding variables, necessitating cautious interpretation of the diverse outcomes. Despite these disparities, there is a consensus that individuals with MetS and heightened inflammation levels are at a heightened risk of cognitive impairments relative to those without MetS (Yaffe, 2004). Midlife obesity is associated with an increased risk of dementia and Alzheimer’s disease in later life (Kivipelto et al., 2005), while evidence suggests that hyperinsulinemia and insulin resistance could be crucial factors link MetS and Alzheimer’s disease (Razay et al., 2007). Though definitive conclusions await further detailed investigations, it is indisputable that adopting a healthy lifestyle, including a balanced diet, regular physical activity, efficient stress management, adequate sleep, and appropriate antioxidant supplementation, can mitigate oxidative stress, augment endothelial function, and reduce inflammatory responses (Basu et al., 2023)—essential steps in slowing the aging process and preventing dementia.

Research into drug treatment and preventive strategies plays a vital role in the battle against dementia and MetS. Previous studies have demonstrated that medications commonly utilized for managing MetS or diabetes, including intranasal insulin, metformin, incretin-based therapies, and thiazolidinediones, can also ameliorate some dementia symptoms (Ishmuratova et al., 2023). These drugs have shown potential for enhancing cognitive functions and memory. Recent research has highlighted the promising impact of anthocyanins and selective peroxisome proliferator-activated receptor alpha modulators (SPPARMs) in MetS treatment while reducing cardiovascular risks. Anthocyanins (ANTs), natural pigments belonging to the flavonoid family (He et al., 2019), are abundant in fruits and vegetables like grapes, tomatoes, blueberries, and purple cabbage (Naseri et al., 2018). They offer potential therapeutic benefits in managing MetS and diabetes by enhancing insulin sensitivity, correcting glucose intolerance, normalizing lipid profiles, and reducing hypertension (Naseri et al., 2018; Jiang et al., 2019). Consequently, dietary supplements rich in ANTs could prove beneficial in preventing and managing MetS. Moreover, ANTs have demonstrated potential in dementia treatment (Bergland et al., 2019), improving specific cognitive functions and impacting cholesterol and triglyceride levels (Aarsland et al., 2023). However, confirming these benefits requires larger and more rigorous studies. SPPARMs, exemplified by pemafibrate, represent a new class of drugs showing enhanced efficacy and safety profiles compared to existing therapies. Pemafibrate exhibits promise in modulating lipid profiles by reducing triglycerides, elevating high-density lipoprotein cholesterol levels, mitigating inflammation, and enhancing insulin sensitivity—making it a promising novel treatment for MetS (Fruchart et al., 2021). In addition to pharmaceutical interventions, non-drug strategies such as the Mediterranean diet, physical exercise, and bariatric surgery are gaining recognition. The Mediterranean diet, in particular, is associated with favorable outcomes for both dementia and MetS (Pollicino et al., 2023), attributed to its antioxidant properties. These properties help alleviate oxidative stress on mitochondria and neural cells (Ansari et al., 2023). Components like polyphenols may improve mitochondrial function by influencing genes and proteins related to mitochondria, thereby enhancing the metabolic balance of various tissues and organs and boosting brain energy metabolism. This mechanism likely underlies the diet’s preventive and therapeutic effects on dementia and MetS (Shannon et al., 2023). Encouragingly, researchers are actively exploring drug therapy for Alzheimer’s disease and age-related brain deterioration. Senolytic therapies, like dasatinib and quercetin (P + Q), have demonstrated promising effects in animal models (Bussian et al., 2018; Folk et al., 2019), with related clinical trials underway (Gonzales et al., 2022). In conclusion, although new therapeutic medications and preventive strategies offer innovative paths for addressing dementia and MetS, significant challenges persist, necessitating further research and exploration.



4.3 Limitations

While this study marks the first implementation of a bibliometric analysis to unveil trends in dementia and MetS, utmost caution is warranted in interpreting the results and conclusions due to the inherent predictive limitations of this analytical approach. Firstly, the analysis is restricted to trends observed in recent decades, thereby failing to capture the comprehensive breadth of the origins and progression of research regarding dementia and MetS. Second, the data set is limited to the WoSCC, consequently excluding potentially valuable articles from alternative databases. Moreover, the data reviewed in this analysis is exclusively in English, potentially overlooking significant research studies published in other languages. Additionally, the analysis was conducted in November, omitting publications from December and possibly overlooking the latest research findings.




5 Conclusion

This study utilizes bibliometric analysis to illuminate the current trends and focal points within the research domains of dementia and MetS. Over the past two decades, a discernible uptick in publication rates has been observed, with notable contributions coming from the United States, Italy, and China. The University of California System emerges as a leading academic institution, generating a substantial volume of publications. In the academic journal realm, the Journal of Alzheimer’s Disease and Neurology are noteworthy for their significant impact. Kristine Yaffe, representing the United States, is identified as the most influential author in this field. Research endeavors are concentrated on unraveling pathogenesis, exploring drug treatments, and identifying preventive strategies. There exists a growing necessity to investigate the association between MetS and its individual components with dementia. Cross-border collaboration between nations and regions is imperative. Future research endeavors should focus on conducting more extensive, high-quality cohort studies or longitudinal research to deepen insights and facilitate breakthroughs, ultimately enhancing clinical interventions and benefiting a wider patient demographic.
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Rank Title Citations Publication year Source
1 The metabolic syndrome, inflammation, and risk of cognitive 82 2004 The Journal of the American Medical

decline Association
2 Association of metabolic syndrome with Alzheimer’s disease: a 58 2006 Neurology

population-based study
3 Executive summary of the third report of the National Cholesterol 52 2001 JAMA-Journal of the American
Education Program (NCEP) expert panel on detection, evaluation, Medical Association
and treatment of high blood cholesterol in adults (adult treatment
panel III)
4 Metabolic syndrome and risk for incident Alzheimer’s disease or 51 2009 Diabetes Care
vascular dementia: the Three-City Study
5 Metabolic cardiovascular syndrome and risk of dementia in 49 2000 Arteriosclerosis Thrombosis and
Japanese-American elderly men. The Honolulu-Asia aging study Vascular Biology
6 The metabolic syndrome and Alzheimer’s disease 47 2007 Archives of Neurology
7 Contribution of metabolic syndrome components to cognition in 45 2007 Diabetes Care
older individuals
8 Risk of dementia in diabetes mellitus: a systematic review 44 2006 Lancet Neurology
9 Impaired insulin and insulin-like growth factor expression and 43 2005 Journal of Alzheimer’s Disease
signaling mechanisms in Alzheimer’s disease-is this type 3
diabetes?

10 Obesity and vascular risk factors at midlife and the risk of 42 2005 Archives of Neurology

dementia and Alzheimer’s disease
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Ranking Author Ranking Author Citation
1 Francesco Panza 1 Kristine Yaffe 280
2 Vincenza Frisardi 2 Suzanne M de la Monte 170
3 Eva L Feldman 3 Suzanne Craft 156
4 Kristine Yaffe 4 José A Luchsinger 151
5 Suzanne M de la Monte 5 Rachel A Whitmer 145
6 Vincenzo Solfrizzi 6 Geert Jan Biessels 121
7 Bhumsoo Kim 7 Miia Kivipelto 119
8 Cristiano Capurso 8 Scott M Grundy 103
9 Gianluigi Vendemiale 9 Vincenzo Solfrizzi 101
10 Davide Seripa 10 K George M M Alberti 84
11 Gianluigi Vendemiale 11 Vincenza Frisardi 83
12 Koji Abe 12 Francesco Panza 80
13 Kentaro Deguchi 13 S Kalmijn 76
14 Alfonso Diaz 14 M Vanhanen 76
15 Jorge Guevara 15 Bhumsoo Kim 71
16 Nibaldo C Inestrosa 16 C Raffaitin 69
17 Tomoko Kurata 17 S Hoyer 65
18 José A Luchsinger 18 Gerald M Reaven 65
19 Stefania Maggi 19 Lenore ] Launer 64
20 Guadalupe Mufioz-Arenas 20 A Ott 62
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Keywords Year Strength Begin End 2000 - 2023
coronary-heart-disease 2000 4.39 2000 2014
c-reactive protein 2004 5.18 2004 2012
cholesterol 2004 4.31 2004 2008
cardiovascular risk-factors 2003 6.95 2009 2015
apolipoprotein-¢ 2009 3.87 2009 2014
older-adults 2010 4.82 2010 2012 _——
dementia 2004 4.26 2010 2011 ——
vascular dementia 2000 4.05 2010 2016
mediterranean diet 2012 3.55 2012 2015
central-nervous-system 2002 3.66 2015 2017
nf kappa b 2016 4.84 2016 2020 PR
gene 2013 3.78 2016 2018
neurodegenerative diseases 2017 3.4 2017 2023 S
gut microbiota 2020 3.99 2020 2023 ra—
receptors 2014 3.97 2020 2021 o—
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Rank | Co-cited journal | Citations IF (2023) = JCR
1 Neurology 1,492 10.1 Q1
2 Journal of Alzheimer’s 1,296 4 Q2
Disease
3 Journal of Biological 1,086 4.8 Q2
Chemistry
4 Proceedings of the National 1,021 11.1 Q1
Academy of Sciences of the
United States of America

5 PLoS One 940 37 Q2
6 Diabetes 914 7.7 Q1
7 Neurobiology of Aging 852 42 Q2
8 Diabetes Care 801 16.2 Q1
9 Archives of Neurology 713 / /
10 Nature 692 64.8 Q1






OPS/images/fnagi-16-1400589-g007.jpg
clee

albe

VOSviewer

€
~
- .
s
e
”
< ~ -
~
~
/
/
—
X P
& z
~
.
- —
/ e
—
/

= X
J
- —" N
N a4’ \\\\V e
N\ N
& i \/‘,
fa ‘
_ .
|
»
7
4
=
g b

£ ~,
+
N
~
b
A -\
\ ™
R R 2\
~ 0 R
25
\
e )
=
- -
-
- /’/ - -
Ty A
=

R N\
N
i)
-
T
l ~
= Y
] —
| W "l\'
Wy, 8 Z
8- U\l

By NS
2 )
— A \|
‘R \
~ -
4 "/
~y 7






OPS/images/fnagi-16-1400589-t002.jpg
Rank Journal Counts | IF(2023) | JCR
1 Journal of Alzheimer’s 34 4 Q2
Disease
2 International Journal of 24 5.6 Q1
Molecular Sciences
3 Nutrients 12 59 Q1
4 Current Alzheimer Research 9 2.1 Q4
5 Biochimica et Biophysica 7 6.2 Q1
Acta-Molecular Basis of
Disease
6 Frontiers in Aging 74 4.8 Q2
Neuroscience
7 Frontiers in Neuroscience 7 4.3 Q2
8 Molecular Neurobiology 7 5.1 Q2
9 Antioxidants 6 7 Q1
10 Biomedicines 6 4.7 Q1
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Ranking | Institution |Frequency Centrality Country

1 University of 38 0.21 USA
California System
2 Veterans Health 28 0.04 USA
Administration
(VHA)
3 US Department of 28 0.04 USA
Veterans Affairs
4 National Institutes of 18 0.06 USA

Health (NIH) - USA

5 Harvard University 17 0.11 USA

6 NIH National 13 0.03 USA
Institute on Aging
(NIA)

7 Universita degli 13 0.02 Ttaly
Studi di Bari Aldo
Moro

8 University of 12 0.01 USA
California
San Francisco

9 Geriatric Research 11 0.01 USA
Education and
Clinical Center

10 Karolinska Institutet 11 0.05 Sweden
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