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Background: Alzheimer’s disease (AD) is a neurodegenerative disease characterized by progressive progress and memory loss, which eventually develops into dementia. It can cause personality disorders and decreased quality of life of patients. Currently, AD patients account for 60–70% of global dementia patients and the incidence rate of AD is increasing annually. AD not only causes pain to patients but also brings a heavy burden to the entire family. Studies have found that there is a connection between mitochondrial dysfunction and other biochemical changes in AD like classical neuropathological hallmarks (β-amyloid and tau protein), inflammation pathways, oxidative stress, and so on. Evidence shows that early treatment targeted directly to mitochondria could extend the lifespan of model mice and decrease the relevant neuropathological markers. Therefore, research on the mitochondrial dysfunction of AD can be of potential significance for clinical treatment. To date, few bibliometric analysis articles related to mitochondrial dysfunction of AD have been published. Bibliometric analysis refers to quantitatively analyzing certain aspects of articles like publishers, authors, and countries by using statistical and mathematical methods. Combined with statistical software, a large number of papers can be converted to visualization figures and tables, which provide vital information such as keyword hotspots and the names of contributing authors. Through the bibliometric analysis method, our study aimed to provide study trends and keyword hotpots for researchers to conduct further relevant research in this field.

Methods: We used the Web of Science core collection database as a literature retrieval tool to obtain data related to mitochondrial changes in Alzheimer’s disease during the last 20 years. The retrieval type was [TS = (Alzheimer’s disease)] ND [TS = (mitochondrion)], ranging from January 1, 2000 to June 30, 2022. VOSviewer v1.6.18, Arcgis 10.8, and HistCite pro 2.1 were used to conduct data visualization analysis. VOSviewer v1.6.18 made relevant network visualization maps of the cooperative relationship between relevant countries, institutions, and authors (co-authorship), the frequency of different keywords appearing together (co-occurrence), and the frequency of different articles cited together (co-cited). Arcgis 10.8 created the world map of publications distribution in this field and Histcite pro 2.1 was used to count the local citation score (LCS) of references. In addition, Journal Citation Reports were used to consult the latest journal import factor and JCI quartile.

Results: As of June 30, 2022, from the Web of Science core collection, we selected 2,474 original articles in English, excluding the document types of the news items, meeting abstracts, and some articles that had little relevance to our theme. The United States acted as the leader and enjoyed a high reputation in this field. The University of California System was the institution that made the greatest contribution (3.64% with 90 papers). Most articles were published in the Journal of Alzheimer’s Disease (8.21%, with 203 papers). The most frequently co-cited journal in Q1 was the Journal of Biological Chemistry (8,666 citations, TLS: 1039591). Russel H. Swerdlow (55 publications) was the most productive author and PH Reddy was the most co-cited author with 1,264 citations (TLS: 62971). The hotpots of mitochondrial dysfunction in AD were as follows: “oxidative stress,” “amyloid-beta-protein,” “tau,” “apoptosis,” “inflammation,” “autophagy,” “precursor protein,” “endoplasmic-reticulum,” “dynamics” and “mitochondrial unfolded protein response.”

Conclusion: This bibliometric analysis research will help readers rapidly identify current hotpots and milestone studies related to directions of interest in AD research.
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1. Introduction

AD is a neurodegenerative disease with a delitescence onset and progressive progression. Its core symptom is cognitive impairment, which gradually worsens over time, making it the leading cause of dementia in humans. According to the World Alzheimer Report, approximately 50 million people worldwide are suffering from dementia, of which 35 million are Alzheimer’s patients. According to data from different countries and regions, about 4.6% ~ 8.7% of adults over 60 years old are suffering from this disease and the incidence rate increases with age. The prevalence rate can be as high as 69.4% among people aged over 90. Because of its feature of progressive progress and gradually aggravated memory loss, AD patients will eventually completely lose their ability to take care of themselves. Their families need to spend enough time and money to take care of them. AD is a heavy burden and brings great pain to both patients and their families. Currently, clinical treatment drugs for AD do not effectively delay disease progression and it is, therefore, necessary to explore new drugs for this purpose.

At present researchers believe that the onset of AD is the result of a combination of multiple factors including amyloid plaques (Aβ plaque), neurofibrillary tangles (tau protein), vital mitochondrial dysfunction, oxidative stress, and inflammation pathways in brain neurons (Serý et al., 2013; Medala et al., 2021; Patro et al., 2021; Gowda et al., 2022). Neurocytes require more energy than other cells and mitochondria are important sites for cell energy metabolism. Studies have found decreased brain energy metabolism, increased oxidative stress, and active oxygen damage in AD neurons, which become evidence of mitochondrial dysfunction in AD (Frackowiak et al., 1981; Foster et al., 1983; Wang et al., 2006; Bonda et al., 2014). Early AD drugs concentrated on classical neuropathological changes including Aβ plaque and tau protein but had no expected therapeutic effect. Mitochondrial dysfunction not only leads to the abnormal energy metabolism of neurons but also interrelates with Aβ plaque, tau protein, aberrant reactive oxygen species(ROS) homeostasis, calcium overload, abnormal apoptosis, mitochondrial morphology, dynamics, DNA changes, and autophagy, etc. ROS is a natural by-product of normal oxygen metabolism. When ROS increases sharply, it can damage the cellular structure and cause oxidative stress (aberrant ROS homeostasis). (Wang et al., 2014; Varda et al., 2018; Judit and Russell, 2019). As the main production site of ROS, impaired mitochondria could lead to aberrant ROS homeostasis and oxidative stress. In healthy neurons, Ca2+ concentration is balanced at a lower level in the cytosol than in the extracellular space or certain intracellular compartments (Wang and Zheng, 2019). Mitochondria absorb Ca2+ at the expense of the electrochemical gradient generated during respiration. Mitochondrial Ca2+ overload means high uptake of mitochondrial Ca2+ which makes it easier to impair neuron functions and exacerbates AD progression by impairing mitochondrial respiration, increasing reactive oxygen species formation, inducing apoptosis, and damaging mitochondria recycling mitophagy (Wu et al., 2020). Mitochondria are essential energy generators for tissue homeostasis and channels for programmed apoptosis and necrotic cell death. The core functions require strict control of the quality and quantity of mitochondria. Mitochondrial autophagy (mitophagy) is the targeted phagocytosis and destruction of impaired mitochondria by cellular autophagy devices and is generally considered to be the main mechanism for mitochondrial quality control. Research shows that impaired mitophagy contributes to the accumulation of Aβ plaque and tau protein through oxidative stress and cellular energy deficits. These, in turn, can impair mitophagy (Kerr et al., 2017). In addition, mitochondrial dynamics showed a balanced process of mitochondrial fission and fusion. Evidence shows that the overexpression of dynamin-related protein1 (Drp1) interacts with other pathological changes and accelerates the disease progression (Chen and Chan, 2009). The interaction of multiple pathological changes contributes to the onset and progression of AD and mitochondrial dysfunction has a connection with other impact factors. Experimental drugs have targeted impaired mitochondria to the early onset of AD mice models and the drugs can extend their lifespan and decrease AD neuropathological hallmarks. Therefore, elucidating the correlation between mitochondrial dysfunction and it is thought that relevant drugs targeted at impaired mitochondria could be developed, providing potential treatment methods for AD (Judit and Russell, 2019).

Although many studies on mitochondria have been carried out, to date, no analyses have been conducted a systematic statistical review analysis. Many articles have been published related to mitochondrial dysfunction in AD, meaning it can be difficult for readers to quickly identify interesting articles. Bibliometric analysis refers to the use of mathematical and statistical methods to analyze all knowledge carriers quantitatively. The main measurement objects are literature volume, number of authors, institutions, countries, and keywords. VOSviewer v1.6.18, Arcgis 10.8, and HistCite pro 2.1 are used to analyze knowledge carriers and made visualization maps or tables. VOSviewer is a knowledge graph software based on thousands of articles that can construct relationships (like co-authorship, co-occurrence, and co-cited) between literature knowledge units (countries/regions, institutions, journals, authors, keywords) and achieve visual analysis through network maps. In the visualization network map, all nodes are divided into several clusters. Different clusters show different colors. The size of the nodes represents the frequency of occurrence of the specific knowledge unit and links between nodes represent the relevance between units. To view the publications of each country/region in the world more clearly, Arcgis 10.8 was used to create a world map of publications distribution. HistCite Pro 2.1 was used to analyze the LCS of references in this field so that we can quickly identify the influential articles on mitochondrial dysfunction of AD. By combining bibliometric analysis with statistical software, we can select a high number of publications from different countries/regions, institutions, journals, authors, the most highly-cited references, authors, journals, and popular keywords from thousands of papers published in recent decades.

Our study conducted a bibliometric analysis of published papers in the direction of mitochondrial dysfunction during the last 20 years and aimed to discover the current research hotspots and study trends to provide a roadmap for further research (Devos and Menard, 2019; Yuan et al., 2021; Ri et al., 2022).



2. Methods

The Web of Science core collection database was queried with the following search string: [TS = (Alzheimer’s disease)] ND [TS = (mitochondrion)]. The date ranged from January 1, 2000, to June 30, 2022. We excluded some special article types including meeting abstracts, news items, and so on. Articles, reviews, proceeding papers, and book chapters were collected. We also screened low-relevance papers in this field. Eventually, only the above four types of original articles written in English and published within the search range date were included.

We used the “export” function to save documents locally. The storage format of the document was as a “txt” file, which is suitable for VOSviewer v1.6.18 and HistCite pro 2.1 software. These data were imported into VOSviewer v 1.6.18 to create network visualization maps, aiming to analyze co-authorship, co-occurrence, and co-cited countries/regions, institutions, authors, journals, and hotspot keywords. In the visualization map, the size of the nodes represents the occurrence frequency of relevant elements, the thickness of the chain represents the degree of connection, and the color of the nodes indicates that they belong to different modules. Meanwhile, these data were imported into HistCite Pro 2.1 to analyze the LCS of articles. We made an Excel spreadsheet of the top 30 countries/regions publications and imported the table into Arcgis 10.8 to make a world map of publications distribution with a color gradient. The top 10 countries were marked on the world map. Journal Citation Reports (2021) was used to consult the latest journal import factor and JCI quartile.



3. Results


3.1. Publications

From January 1, 2000, to June 30, 2022, 2,474 papers were provided by the Web of Science core collection online database (2022.9), including 1719 original research articles (69.48%), 745 reviews (30.11%), 78 proceeding papers (3.15%), and 22 book chapters (0.89%). Other document types like meeting abstracts and news items were excluded (Figure 1). A total of 1,335 papers were open access.
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FIGURE 1
 Study type composition summary in this field.


The annual publication output in this field with an overall growth trend is shown in Figure 2. The annual amount of research published exceeded 100 for the first time in 2010 (n = 117). More recently, 238 papers were published in 2020, 273 papers were published in 2021 and 128 papers were published in the first half of 2022. Compared with 20 years ago, the annual output in 2021 (n = 273) is nearly 15 times that of 2000 (n = 19).

[image: Figure 2]

FIGURE 2
 Total annual output from 2000 to 2022.




3.2. Analysis of countries/regions, institutions, journals

The annual publication output from 2000 to 2022 in countries and regions is shown in Figure 3 and the distribution of publications in countries and regions worldwide is shown in Figure 4. The United States publishes the most papers every year. China’s publication output has grown annually since 2016 and its growth rate has increased significantly in that time, now ranking second. Table 1 shows the top 10 productive countries/regions in this field from 2000 to 2022. As mentioned, the most productive country is the United States (n = 992, 40.10%), followed by China (n = 403, 16.30%), Italy (n = 191, 7.72%), the Germany (n = 140, 5.66%), India (n = 124, 5.01%), Spain (n = 121, 4.89%), England (n = 120, 4.85%), South Korea (n = 105, 4.24%), Portugal (n = 95, 3.84%), and Japan (n = 84, 3.40%). In these countries/regions, the United States had 78,280 citations, 141 h-index, and its citations per publication (CPP) was 78.91. These all ranked first among 10 countries/regions. The network visualization map analysis of co-authorship of countries/regions (Figure 5) shows 48 countries/regions divided into seven clusters with different colors. The biggest node represented is the United States, which had the most publications (992 documents) and collaborators (43 countries/regions). Its total link strength (TLS) was 456. Some key partners of the United States included China, India, Italy, Germany, and Portugal.

[image: Figure 3]

FIGURE 3
 The annual publication output of the most 10 productive countries/regions.


[image: Figure 4]

FIGURE 4
 Country/region distribution map of the top 30 publications. The top 10 countries are marked on the map. The deeper color represents more publications.




TABLE 1 Top 10 productive countries/regions from 2000 to 2022.
[image: Table1]
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FIGURE 5
 Network visualization map of co-authorship countries/regions. The nodes represent countries/regions and the larger the size of the node, the more publications from that country/regions. Nodes with the same color belong to the same cluster. The links between nodes represent the cooperation between countries/regions. The thickness of the links represents close cooperation between countries/regions.


The top 10 productive institutions are shown in Table 2. The institutions that made major contributions included: the University of California System (n = 90, 3.64%), Universidade DE Comibra (n = 78, 3.15%), University of Texas System (n = 77, 3.11%), Cornell University (n = 62, 2.51%), University of Kansas (n = 62, 2.51%). The University of California System had the highest H (%)-index (50) and Case Western Reserve University was the institution with the most citations per publication (135.30). Seven of the top 10 institutions were from the United States and others were from Portugal, Britain, and France. The network visualization map of co-authorship of institutions (Figure 6) showed that a total of 249 institutions were divided into 19 clusters because of their different degrees of correlation (links: 827, total link strength: 1292) and some institutions had no cooperation with others and were excluded. Links between institutions represented their cooperations in this field. The largest node referred to Universidade DE Coimbra (publications: 78, TLS: 48), which had some main collaborators with the University of Kansas, Case Western Reserve University, Columbia University, University of Texas at San Antonio, and University of Virginia.



TABLE 2 The top 10 productive institutions from 2000 to 2022.
[image: Table2]
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FIGURE 6
 Network visualization map of co-authorship institutions. The nodes represent institutions and the larger the size of the node, the more publications from that institution. Nodes with the same color belong to the same cluster. The links between nodes represent the cooperation between institutions. The thickness of the links represents close cooperation between countries/regions.


The top 10 productive journals related to mitochondrial dysfunction of Alzheimer’s disease are shown in Table 3. The top 10 productive journals published 597 articles, accounting for 24.13%, nearly one-fifth of the total, and most were classified in Q2. Table 3 indicated that the Journal of Alzheimer’s Disease (n = 203, 8.21%, Q2) published the most research in this field and had the highest H-index (61) followed by Molecular Neurobiology (n = 69, 2.79%), Neurobiology of Aging (n = 49, 1.98%), the International Journal of Molecular Sciences (n = 46, 1.86%), and the Journal of Neurochemistry (n = 44, 1.78%). Among these journals, Cells (n = 35, 1.41%, Q2) ranked tenth and had the highest IF (7.666) and its CCP was 15.49. Biochimica ET Biophysica ACTA-Molecular Basis of Disease (n = 50, 1.36%, Q1) had the highest CCP of 138.12 and had the second highest IF (6.633). The analysis diagram of co-cited journals showed in Figure 7 and Table 4. From Table 4, The most frequently co-cited journal was the Journal of Biological Chemistry (citations: 8666 TLS: 1039591). Among these journals, the Proceedings of The National Academy of Sciences of The United States of America had the highest IF of 12.779 and was classified in Q1. Figure 7 shows a network visualization map of co-cited journals. A total of 877 items were divided into four groups and the representative journal in each group included: Journal of Alzheimer’s Disease (in cluster1 shown in red), Neurobiology of Aging (in cluster 2 shown in green), the Proceedings of The National Academy of Sciences of The United States of America (in cluster 3 shown in blue), and the Journal of Neuroscience (in cluster 4 shown in yellow).



TABLE 3 The top 10 productive journals from 2000 to 2022.
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FIGURE 7
 Network visualization map of co-cited journals. The nodes represent journals and the larger the size of the node, the more citations of journals. The links between nodes represent the co-cited relationship between journals. The thickness of links represents the frequency of the co-cited relationship between journals.




TABLE 4 The top 10 co-cited journals from 2000 to 2022.
[image: Table4]



3.3. Analysis of productive authors and co-cited authors

Table 5 describes the top 10 productive authors who published research relevant research. Russell H. Swerdlow was the most productive author in this field with 55 articles, accounting for 2.22%. The analysis of co-cited authors was shown in Figure 8 and Table 6. The most frequently co-cited author was P. H. Reddy (citations: 1264, TLS: 62971) followed by R. H. Swerdlow (citations: 1221, TLS: 67444), M. Manczak (citations: 1118, TLS: 59789), X. L. Wang (citations: 970, TLS: 53343) and M. P. Mattson (citations: 772, 34,088).



TABLE 5 The top 10 productive authors in this field from 2000 to 2022.
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FIGURE 8
 Network visualization map of co-cited authors. The nodes represent authors and the larger the size of the node, the more citations of authors. The links between nodes represent the co-cited relationship between authors. The thickness of links represents the frequency of the co-cited relationship between authors.




TABLE 6 The top 10 co-cited authors in this field from 2000 to 2022.
[image: Table6]



3.4. Analysis of high-cited references and co-cited references

The top 10 LCS of articles is shown in Figure 9. The most frequently cited reference with a high reputation was “ABAD directly links A beta to mitochondrial toxicity in Alzheimer’s disease” produced by J. W. Lustbader, published in Science (No.127, IF = 6.709, Q1) with the LCS of 363. This article demonstrated that A beta-binding alcohol dehydrogenase (ABAD) is a direct molecular link from Abeta to mitochondrial toxicity by experimenting with the transgenic mice overexpressing ABAD in an A beta-rich. Therefore, it suggested that the ABAD-A beta interaction may be a therapeutic target in AD (Lustbader et al., 2004). Figure 10 shows the network visualization map of co-cited references in this field with 887 items divided into five clusters. Studies on mitochondrial dysfunction of AD are mainly devoted to the following: Abnormal mitochondrial dynamics (Wang et al., 2009), the direct relationship between abnormal mitochondria and oxidative damage (Cardoso et al., 2004; Devi et al., 2006), the cytochrome C oxidase deficiency (Parker et al., 1990), modulation of the endoplasmic reticulum-mitochondria interface and high levels of mitochondrial DNA deletions in substantia nigra neurons (De Brito and Scorrano, 2008; Louise et al., 2013; Swerdlow et al., 2014).

[image: Figure 9]

FIGURE 9
 The top 10 LCS map of references. Each circle represents a reference. A larger circle with a deeper color of blue means a higher LCS. The number in the circle represents the ordinal number of the article in the Web of Science core collection database. The links between circles represent a citation relationship between articles. The object pointed to by the arrow is the cited reference.


[image: Figure 10]

FIGURE 10
 Network visualization map of co-cited references. The nodes represent references and the larger the size of the node, the more citations of references. Items in the same cluster belong to the same research direction. The links between nodes represent the co-cited relationship between references. The thickness of links represents the frequency of the co-cited relationship between references.




3.5. Analysis of keywords

The network visualization map of co-occurrence keywords shown in Figure 11 (cluster analysis) and Figure 12 (timing analysis) includes 478 items divided into seven clusters and 21,833 links. The minimum number of occurrences of a keyword was 10. The repeated and meaningless keywords were eliminated from the map. Analyzing the frequency of different groups of keywords provides a convenient approach for us to identify hot topics in the mitochondrial study field of AD, which are classified into clusters representing various subtopics in our study field. According to Figure 11, which shows the cluster analysis of keyword co-occurrence, the most popular keywords related to mitochondrial dysfunction in AD included “oxidative stress,” “amyloid beta,” “amyloid precursor protein,” “cytochrome-c-oxidase,” and “autophagy.” Reading the Tenth figure (timing analysis of keyword co-occurrence), indicates that “calcium homeostasis,” “precursor protein,” “amyloid beta,” “autophagy,” “dynamics,” “abnormal interaction,” and “unfolded protein response (UPR)” were popular hot spots in order of time (from 2012). Critical research related to these hotspots is further illustrated in the discussion.

[image: Figure 11]

FIGURE 11
 Network visualization map of cluster analysis of co-occurrence keywords. Items in the same cluster belong to the same research direction in this field. The larger the size of the node, the higher the frequency of the keyword. The links between keywords represent a co-occurrence relationship.


[image: Figure 12]

FIGURE 12
 Network visualization map of timing analysis of co-occurrence keywords from 2012 to 2022. The closer the color of the node is to yellow, the later the occurrence of keywords.





4. Discussion

As a neurodegenerative disease, AD is characterized by progressive progress and memory loss that eventually contribute to dementia, which causes patients to lose their ability to take care of themselves, with most of them dying of infection eventually. During this period, a large amount of time and money is spent, creating a heavy burden on the patient’s family. Due to these facts, finding approaches to delaying disease progression and increasing the quality of a patient’s life is key to AD research. AD is considered a multifactorial disease, including Aβ plaque, tau protein, inflammation pathways, mitochondrial dysfunction, and oxidative stress. Additionally, several risk factors such as aging, genetic factors, head injuries, vascular diseases, infections, and environmental factors play a role in the disease (Breijyeh and Karaman, 2020). Because of the unideal therapeutic effect based on the classical neuropathological hallmarks of Aβ plaques and tau protein, we concentrated on articles related to mitochondrion changes in neuron cells, which is one of the research directions of AD. Through the bibliometric analysis method, we aimed to illustrate keyword hotspots and research trends in this field that are convenient for researchers in conducting further studies. We used the Web of Science core collection database to search relevant articles from January 1, 2000, to June 30, 2022. Some special types of articles such as meeting abstracts, editorial materials, and new items were excluded. Through screening articles with low relevance, a total of 2,474 original papers in English were collected. Figure 2 shows an overall growth trend annually indicating there are increasing studies on AD.

From the distribution of countries/regions, the United States is the main driving force, with a high academic reputation in the field of AD. In just over 20 years, the United States published 992 articles, approximately 40% of the total, with 78,280 citations, 141 H-index, and 78.91 CCP, all ranking first among all countries/regions. Furthermore, 43 countries/regions had a close cooperative relationship with the United States, such as China, Japan, Portugal, and France. China ranked second (403 articles) with quick progress in these years. Other countries/regions like Italy, Germany, India, Spain, England, South Korea, Portugal, and Japan all had a lower publication amount (n < 200) compared with the United States. Despite all this, these countries/regions still play an important role and promote the development of this field.

Our analysis of institutions indicated that most of them were based in the United States, which again confirmed its significant scientific influence. The University of California System had the highest record of 90, accounting for 3.64% and its 50 H-index also ranked first among all institutions. Case Western Reserve University had the highest CCP of 135.30, which demonstrated that it published more high-quality articles with great contributions.

Analyzing the top 10 productive journals, we know that the Journal of Alzheimer’s Disease published the most articles, 203 in this field, Biochimica ET Biophysica ACTA-Molecular Basis of Disease, ranking sixth, had the highest CCP of 138.12, and Cells had the highest IF at 7.666, ranked tenth. All of them were vital information sources. In addition, the Journal of Biological Chemistry ranked first among institutions with the highest citation of 8,666, showing its great influence on AD research.

Russell H. Swerdlow was the most productive author with 55 records. Their most cited research, “The Alzheimer’s disease mitochondrial cascade hypothesis: Progress and Perspective,” discusses the mitochondrial cascade hypothesis in the context of recent AD biomarker studies, diagnostic criteria, and clinical trials and offers a unique perspective into what sporadic, late-onset AD is and how to best treat it (Swerdlow et al., 2014; Swerdlow, 2018). P.H. Reddy was the most popular co-cited author with 1,264 citations. Their research named “Amyloid Beta and Phosphorylated Tau-Induced Defective Autophagy and Mitophagy in Alzheimer’s Disease” highlights recent development of A and P-Tau-induced defective autophagy and mitophagy in AD and summarizes several aspects of mitochondrial dysfunction, including abnormal mitochondrial dynamics, defective mitochondrial biogenesis, reduced ATP, increased free radicals and lipid peroxidation, and decreased COX activity and calcium dyshomeostasis in AD pathogenesis (Reddy and Oliver, 2019). These articles provide reliable information in this academic field.

The top 10 highest LCS of references in this field can be summarized into the following aspects: the relationship between oxidative stress and mitochondria, mitochondrial dynamics, the influence of Aβ plaque on mitochondria, and some special molecular treatment targets. The article with the highest LCS named “ABAD directly links A-beta to mitochondrial toxicity in Alzheimer’s disease” illustrated that ABAD was the intermediate protein molecule that Aβ caused mitochondrial toxicity. This made ABAD possible to be an available therapeutic target (Lustbader et al., 2004). As a disease of aging, the study showed that AD had high levels of oxidative stress compared with elderly controls because of an imbalance of production and elimination of ROS (Wang et al., 2014). This could lead to damaged mitochondria which would aggravate oxidative stress. The interaction between oxidative stress and mitochondria injury and a series of complicated changes might cause neuron degeneration (Emerit et al., 2004; Beal, 2005). In the top 10 highest cited references, mitochondrial dynamics was another hotspot, including fission, fusion, transport, and autophagy, which involved mitochondrial critical subcellular compartments, content exchange, shape control, communication with cytosol, and quality control. Mutation of relevant proteins would contribute to the abnormal distribution of mitochondria and then lead to neurocytopathy (Chen and Chan, 2009; Wang et al., 2009). Aβ plaque is a critical pathological change of AD that could elevate the expression of mitochondrial genes like an increase of hydrogen peroxide and cytochrome c oxidase (Manczak et al., 2006). Mitochondria played a critical role in the development and plasticity of synaptic. To prevent synaptic changes caused by Aβ, the overexpression of mitochondrial dynamic protein contributed to an imbalance in dynamics like the production of SNO-Drp1, which was the combination of Aβ and NO (an important biological messenger in the brain) (Cho et al., 2009). Relevant dynamic changes could therefore be a potential novel therapeutic strategy for treating AD (Wang et al., 2009).

We analyzed clusters of popular keywords including “oxidative stress,” “amyloid-beta-protein,” “tau,” “apoptosis,” “inflammation,” “autophagy,” “precursor protein,” “endoplasmic-reticulum,” “dynamics” and “mitochondrial unfolded protein response.” The present review has discussed some recent hotspots in this field, providing researchers with more research directions. The studies on AD discussed here are all based on its basic pathological changes (Aβ plaque and tau protein), which interact with mitochondrial dysfunctions including abnormal mitochondria dynamics, altered mitochondrial morphology, altered mitochondrial gene expression, increased free radical production, lipid peroxidation, reduced COX activity, and reduced ATP production. Studies have shown that Aβ/tau protein can impair mitochondrial quality control systems including autophagy and mitophagy, and eventually lead to the accumulation of abnormal mitochondria (Maria et al., 2006). Mitophagy, a selective form of autophagy in mitochondria, constitutes a key pathway of mitochondrial quality control mechanisms involving the sequestration of defective mitochondria into autophagosomes for subsequent lysosomal degradation. “Mitochondrial Quality Control and Disease: Insights into Ischemia–Reperfusion Injury,” a highly cited review published by A. R. Anzell in 2017, provides a synopsis of the molecular mechanisms involved in the quality control mechanism regulated by mitochondrial dynamics and mitophagy, which could help us to speculate novel therapeutic interventions of AD (Anzell et al., 2017). The review of “Mitophagy in Alzheimer’s Disease and Other Age-Related Neurodegenerative Disease” summarized several mechanisms of mitophagy defects in AD, including mitophagy in vivo, neuronal mitophagy, and lipid-mediated mitophagy. These molecular mechanisms were thought to be critical factors in aging and neurodegeneration in recent years (Cai and Jeong, 2020). Eshraghi briefly discussed an overview of autophagy and mitophagy in AD and then provided a comprehensive discussion on the role of these pathways in microglia and their involvement in AD pathogenesis (Eshraghi et al., 2021). Mitophagy was considered the next hope for finding a viable therapeutic target in AD. Thus, by analyzing the map, we can speculate that “mitochondrial dynamics” and “mitophagy” will continue to be a research trend in the next few years. Researchers can concentrate on these molecular mechanisms for further study.

In terms of the oxidative stress of AD, in addition to the above classic articles, recent studies have concentrated on chronic inflammation and abnormal brain metabolism induced by type 2 diabetes mellitus (T2DM). T2DM leads to body metabolic disorders that activate oxidative stress, abnormal protein processing, and proinflammatory cytokines, causing chronic inflammation and impaired neuronal insulin signaling in the brain (Kandimalla et al., 2017). The increasing inflammatory mediators could cross the blood–brain barrier and cause brain insulin resistance followed by inducing ROS and proinflammatory cytokines (Cameron and Landreth, 2010). Aβ oligomers could activate inflammatory mediators, which trigger neuroinflammation and cause over-activation of N-methyl-D-aspartate (NMDA) receptors, which are viewed as a critical factor in the excessive production of ROS followed by excessive calcium ion-induced mitochondrial dysfunction (Go et al., 2016). Conversely, these proinflammatory cytokines would inhibit phagocytosis thus enhancing Aβ accumulation, which causes the development of AD (Cai et al., 2016; Zhang et al., 2019). Therefore, further study is required to establish how neuronal insulin signaling can be stimulated, how oxidative stress and inflammatory effects can be prevented, and approaches to restoring mitochondrial dysfunction and insulin sensibility (Shen et al., 2022). In addition, as a neurodegenerative disease, AD exhibits extensive oxidative stress throughout the body and structurally and functionally damaged mitochondria are also vulnerable to oxidative stress. The interaction between them contributes to the initiation and/or amplification of reactive oxygen species that are critical to the pathogenesis of AD (Wang et al., 2014; Chen and Zhong, 2019; Ionescu-Tucker and Cotman, 2021). Neurons affected in AD experience mitochondrial dysfunction and a bioenergetic deficit that occurs early and promotes the disease-defining amyloid beta peptide and Tau pathologies (Kerr et al., 2017). These pathological changes also instigate an abnormal apoptotic cascade in susceptible brain regions. The apoptotic players in these regions affect cellular organelles (mitochondria and endoplasmic reticulum) and interact with trophic factors, and several signaling pathways (Sharma et al., 2021). Meanwhile, a significant change of cox enzyme could be an important molecular component of the mechanisms underlying AD (Morais et al., 2021; Xu et al., 2021).

As another recent research hotspot, mitochondrial unfolded protein response (UPRmt) belonging to the mitochondrial quality control system is a mitochondria stress response. UPRmt is the transcriptional activation program of mitochondrial chaperone proteins and proteases are initiated to maintain proteostasis in mitochondria. Mitochondrial chaperone proteins help misfolded proteins to restore to normal conformation and newly synthesized proteins to fold correctly. Proteases help to degrade useless proteins. Aβ and tau deposition contribute to the accumulation of damaged or unfolded protein, which will increase the expression levels of mitochondrial chaperone proteins and proteases (Li et al., 2020). Meanwhile, AD pathological changes also contribute to the endoplasmic reticulum (ER) stress, which caused the build-up of unfolded or misfolded protein with the ER, disturbing the ER and cellular homeostasis, devoting it to the onset and development of AD. Adaptive UPR signaling is activated to reverse mild ER stress and regain homeostasis, thereby preventing exacerbation (Yang et al., 2015; Ren et al., 2021). However, irreversible ER stress and excessive UPR activation can contribute to neuroinflammation and neuronal cell death, which is associated with the advanced stage of AD pathogenesis (Amir et al., 2022). Therefore, future research should examine to “what extent ER stress is reversible in neurons,” how other factors determine between adaptive and maladaptive UPR signaling in either the production or death of neurons in AD, how to alter damaged UPRmt, and what components of maladaptive UPR can be targeted can be effective to alleviate AD pathophysiology.

In general, researchers have concentrated on undertaking basic medicine studies of AD. However, most of the time, clinical treatment with relevant theories has not achieved good results due to the onset complexity of AD. There is still a long way for researchers to go on exploring the neuropathology of AD.

Previous bibliometric studies of AD have analyzed the relationship between the intestine and AD, epilepsy and AD, and brain energy metabolism disorder in AD (Du et al., 2021; Trejo-Castro et al., 2022; Zhang et al., 2022). Our study aimed to collect articles related to mitochondrial dysfunction in AD and analyzed them quantitatively and qualitatively, which no one has done yet. Meanwhile, we searched articles from the Web of Science core collection database so the extracted data are reliable, comprehensive, and highly recognized (Fei et al., 2022).


4.1. Limitations

Our study also has some limitations as we could not retrieve all articles meeting the requirements of this field. Due to not all types of papers were selected, our findings might not be fair to authors who published papers in excluded types. We may ignore their contributions in this field. Our study also only included articles in the first half of 2022, meaning these data do not represent the whole research trend for that year. Finally, our analysis was subjective and it can’t represent all people’s views.




5. Conclusion

The highest number of publications were from the United States followed by China, Italy, Germany, and India. The primary partners of the United States were China, Italy, Germany, India, and Portugal.

The University of California System in the United States and Russell. H. Swerdlow were the most cited institution and author, respectively. The Journal of Alzheimer’s Disease was the highest-cited journal.

The research hotspot in this field included the following five aspects: abnormal mitochondrial dynamics, the direct relationship between abnormal mitochondria and oxidative damage, the cytochrome C oxidase deficiency, modulation of the endoplasmic reticulum-mitochondria interface, and high levels of mitochondrial DNA deletions in substantia nigra neurons.

The research trend from 2012 to 2021 was: “calcium homeostasis,” “precursor protein,” “amyloid beta,” “autophagy,” “dynamics,” “abnormal interaction,” and “unfolded protein response (UPR).”

This bibliometric analysis study aimed to help researchers and non-researchers quickly find research hotspots and landmark studies related to mitochondrial dysfunction in AD. There are shortcomings from insufficient data or analysis and more progressive studies are needed in the future.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

YGe conceptualized this study and designed this project. RS and HY undertook data curation. RS performed the major procedures and wrote the manuscript. YGe revised the manuscript and approved the final manuscript. YGu, YF, HR, and HW assisted in the analysis of the data.



Funding

This study was funded by the Natural Science Foundation of Liaoning Province [2022-MS-317], the United Fund of the Second Hospital of Dalian Medical University and Dalian Institute of Chemical Physics, Chinese Academy of Sciences [UF-ZD-202012], and the “1 + X” program for Clinical Competency enhancement–Improvement of Clinical Technology Project, The Second Hospital of Dalian Medical University [2022LCJSGC04].



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Amir, A., Lindholm, D., Ren, J., and Pratico, D. (2022). ER stress and UPR in Alzheimer’s disease: mechanisms, pathogenesis, treatments. Cell Death Dis. 13:706. doi: 10.1038/s41419-022-05153-5 

 Anzell, A. R., Maizy, R., Przyklenk, K., and Sanderson, T. H. (2017). Mitochondrial quality control and disease: insights into ischemia-reperfusion injury. Mol. Neurobiol. 55, 2547–2564. doi: 10.1007/s12035-017-0503-9 

 Beal, M. F. (2005). Mitochondria take center stage in aging and neurodegeneration. Ann. Neurol. 58, 495–505. doi: 10.1002/ana.20624 

 Bonda, D. J., Wang, X., Lee, H., Smith, M. A., Perry, G., and Zhu, X. (2014). Neuronal failure in Alzhemier’s disease: a view through the oxidative stress looking-glass. Neurosci. Bull. 30, 243–252. doi: 10.1007/s12264-013-1424-x 

 Breijyeh, Z., and Karaman, R. (2020). Comprehensive review on Alzheimer’s disease: causes and treatment. Molecules 25:5789. doi: 10.3390/molecules25245789 

 Cai, C., Dai, X., Zhu, Y., Lian, M., Xiao, F., Dong, F., et al. (2016). A specific RAGE-binding peptide biopanning from phage display random peptide library that ameliorates symptoms in amyloid beta peptide-mediated neuronal disorder. Appl. Microbiol. Biotechnol. 100, 825–835. doi: 10.1007/s00253-015-7001-7 

 Cai, Q., and Jeong, Y. Y. (2020). Mitophagy in Alzheimer’s disease and other age-related neurodegenerative disease. Cells 9:150. doi: 10.3390/cells9010150 

 Cameron, B., and Landreth, G. E. (2010). Inflammation, microglia, and Alzheimer’s disease. Neurobiol. Dis. 37, 503–509. doi: 10.1016/j.nbd.2009.10.006 

 Cardoso, S. M., Proenca, M. T., Santana, I., and Oliveira, C. R. (2004). Cytochrome c oxidase is decreased in Alzheimer’s disease platelets. Neurobiol. Aging 25, 105–110. doi: 10.1016/s0197-4580(03)00033-2 

 Chen, H. C., and Chan, D. C. (2009). Mitochondrial dynamics-fusion, fission, movement, and mitophagy-in neurodegenerative diseases. Hum. Mol. Genet. 18, 169–176. doi: 10.1093/hmg/ddp3w26

 Chen, Z., and Zhong, C. (2014). Oxidative stress in Alzheimer’s disease. Neurosci. Bull. 30, 271–281. doi: 10.1007/s12264-013-1423-y 

 Cho, D. H., Nakamura, T., Fang, J. G., Cleplak, P., Godzik, A., Godzik, Z., et al. (2009). S-Nitrosylation of Drp1 Mediates beta-Amyloid-Related Mitochondrial Fission and Neuronal Injury. Science 324, 102–105. doi: 10.1126/science.1171091 

 De Brito, O. M., and Scorrano, L. (2008). Mitofusin 2 tethers endoplasmic reticulum to mitochondria. Nature 456, 605–610. doi: 10.1038/nature07534 

 Devi, L., Prabhu, B. M., Galati, D. F., Avadhani, N. G., and Anandatheerthavarada, H. K. (2006). Accumulation of amyloid precursor protein in the mitochondrial import channels of human Alzheimer's disease brain is associated with mitochondrial dysfunction. J. Neurosci. 26, 9057–9068. doi: 10.1523/JNEUROSCI.1469-06.2006 

 Devos, P., and Menard, J. (2019). Bibliometric analysis of research relating to hypertension reported over the period 1997-2016. J. Hypertens. 37, 2116–2122. doi: 10.1097/HJH.0000000000002143 

 Du, Y. H., Yang, R. Y., Wang, L. Y., Liang, I. C., Zhu, L., et al. (2021). Bibliometric analysis study on the mechanisms of brain energy metabolism disorders in Alzheimer’s disease from 2000 to 2020. Front Neurol. 12:670220. doi: 10.3389/fneur.2021.670220 

 Emerit, J., Edeas, A., and Bricaire, E. (2004). Neurodegenerative diseases and oxidative stress. Biomed. Pharmacother. 58, 39–46. doi: 10.1016/j.biopha.2003.11.004

 Eshraghi, M., Adlimoghaddam, A., Mahmoodzadeh, A., Sharifzad, F., Yasavoli-Sharahi, H., Lorzadeh, S., et al. (2021). Alzheimer’s disease pathogenesis: role of autophagy and Mitophagy focusing in microglia. Int. J. Mol. Sci. 22:3330. doi: 10.3390/ijms22073330 

 Fei, X., Wang, S., Li, J., Zeng, Q., Gao, Y., and Hu, Y. (2022). Bibliometric analysis of research on Alzheimer’s disease and non-coding RNAs: opportunities and challenges. Aging Neurosci. 14:1037068. doi: 10.3389/fnagi.2022.1037068 

 Foster, N., Chase, T., Fedio, P., Patronas, N., Brooks, R., and Di Chiro, G. (1983). Alzheimer’s disease: focal cortical changes shown by positron emission tomography. Neurology 33, 961–965. doi: 10.1212/wnl.33.8.961

 Frackowiak, R., Pozzilli, C., Legg, N., Du Boulay, G., Marshall, J., Lenzi, G., et al. (1981). Reginal cerebral oxygen supply and utilization in dementia. A clinical and physiological study with oxygen-15 and positron tomography. Brain 104, 753–778. doi: 10.1093/brain/104.4.753 

 Go, M., Kou, J., Lim, J. E., Yang, J., and Fukuchi, K. I. (2016). Microglial response to LPS increases in wild-type mice during aging but diminishes in an progression. Biochem. Biophys. Res. Commun. 479, 331–337. doi: 10.1016/j.bbrc.2016.09.073 

 Gowda, P., Reddy, P. H., and Kumar, S. (2022). Deregulated mitochondrial microRNAs in Alzheimer's disease: focus on synapse and mitochondria. Ageing Res. Rev. 73:101529. doi: 10.1016/j.arr.2021.101529 

 Ionescu-Tucker, A., and Cotman, C. W. (2021). Emerging roles of oxidative stress in brain aging and Alzheimer's disease. Neurobiol. Aging 107, 86–95. doi: 10.1016/j.neurobiolaging.2021.07.014 

 Judit, M. P. O., and Russell, H. S. (2019). Mitochondrial dysfunction in Alzheimer's disease: role in pathogenesis and novel therapeutic opportunities. Br. J. Pharmacol. 176, 3489–3507. doi: 10.1111/bph.14585 

 Kandimalla, R., Vani, T., and Reddy, P. H. (2017). Is Alzheimer's disease a type 3 diabetes? A critical appraisal. Biochim. Biophys. Acta. 1863, 1078–1089. doi: 10.1016/j.bbadis.2016.08.018 

 Kerr, J. S., Adriaanse, B. A., Greig, N. H., Mattson, M. P., Cader, M. Z., Bohr, V. A., et al. (2017). Mitophagy and Alzheimer’s disease: cellular and molecular mechanisms. Trends Neurosci. 40, 151–166. doi: 10.1016/j.tins.2017.01.002 

 Li, Z., Qionglin Zhou, L., and He, L. C. (2020). Mitochondrial unfolded protein response: an emerging pathway in human diseases. Free Radic. Biol. Med. 163, 125–134. doi: 10.1016/j.freeradbiomed.2020.12.013 

 Louise, H., Catarina, M. P., Riccardo, F., Annica, R., Laura, H., Birgitta, W., et al. (2013). Modulation of the endoplasmic reticulum-mitochondria interface in Alzheimer's disease and related models. Proc. Natl. Acad. Sci. U. S. A. 110, 7916–7921. doi: 10.1073/pnas.1300677110 

 Lustbader, J. W., Cirilli, M., Lin, C., Xu, H. W., Takuma, K., Wang, N., et al. (2004). ABAD directly links A beta to mitochondrial toxicity in Alzheimer’s disease. Science 304, 448–452. doi: 10.1126/science.1091230 

 Manczak, M., Anekonda, T. S., Henson, E., Park, B. S., Quinn, J., and Reddy, P. H. (2006). Mitochondria are a direct site of A beta accumulation in Alzheimer’s disease neurons: implications for free radical generation and oxidative damage in disease progression. Hum. Mol. Genet. 15, 1437–1449. doi: 10.1093/hmg/ddl066 

 Maria, M., Thimmappa, S. A., Edward, H., Byung, S. P., Joseph, Q., and Reddy, P. H. (2006). Mitochondria are a direct site of a beta accumulation in Alzheimer's disease neurons: implications for free radical generation and oxidative damage in disease progression. Hum. Mol. Genet. 15, 1437–1449. doi: 10.1093/hmg/ddl066 

 Medala, V. K., Gollapelli, B., Dewanjee, S., Ogunmokun, G., Kandimalla, R., and Vallamkondu, J. (2021). Mitochondrial dysfunction, mitophagy, and role of dynamin-related protein 1 in Alzheimer's disease. J. Neurosci. Res. 99, 1120–1135. doi: 10.1002/jnr.24781 

 Morais, F. M., Ribeiro, A. M., Moreira, F. A., and Silva, P. V. G. (2021). Systematic review and meta-analysis on the role of mitochondrial cytochrome c oxidase in Alzheimer’s disease. Acta Neuropsychiatr. 33, 55–64. doi: 10.1017/neu.2020.43

 Parker, W. D. Jr., Filley, C. M., and Parks, J. K. (1990). Cytochrome oxidase deficiency in Alzheimer’s disease. Neurology 40, 1302–1303. doi: 10.1212/wnl.40.8.1302

 Patro, S., Ratna, S., Yamamoto, H. A., Ebenezer, A. T., Ferguson, D. S., Kaur, A., et al. (2021). ATP synthase and mitochondrial bioenergetics dysfunction in Alzheimer's disease. Int. J. Mol. Sci. 22:11185. doi: 10.3390/ijms222011185 

 Reddy, P. H., and Oliver, D. M. A. (2019). Amyloid Beta and Phosphorylated tau-induced defective autophagy and Mitophagy in Alzheimer's disease. Cells 8:488. doi: 10.3390/cells8050488 

 Ren, J., Bi, Y., Sowers, J. R., Hetz, C., and Zhang, Y. (2021). Endoplasmic reticulum stress and unfolded protein response in cardiovascular diseases. Nat. Rev. Cardiol. 18, 499–521. doi: 10.1038/s41569-021-00051-w

 Ri, C., Yu, J., Mao, J., and Zhao, M. (2022). Trends in breast augmentation research: a bibliometric analysis. Anesthetic Plast. Surg. 46, 2691–2711. doi: 10.1007/s00266-022-02904-9 

 Serý, O., Povová, J., Míšek, I., Pešák, L., and Janout, V. (2013). Molecular mechanisms of neuropathological changes in Alzheimer’s disease: a review. Folia Neuropathol. 1, 1–9. doi: 10.5114/fn.2013.34190

 Sharma, V. K., Singh, T. G., Singh, S., Garg, N., and Dhiman, S. (2021). Apoptotic pathways and Alzheimer’s disease: probing therapeutic potential. Neurochem. Res. 46, 3103–3122. doi: 10.1007/s11064-021-03418-7

 Shen, S., Liao, Q., Wong, Y. K., Chen, X., Yang, C., Chengchao, X., et al. (2022). The role of melatonin in the treatment of type 2 diabetes mellitus and Alzheimer’s disease. Int. J. Biol. Sci. 18, 983–994. doi: 10.7150/ijbs.66871

 Swerdlow, R. H. (2018). Mitochondria and mitochondrial cascades in Alzheimer’s disease. J. Alzheimers Dis. 62, 1403–1416. doi: 10.3233/JAD-170585 

 Swerdlow, R. H., Burns, J. M., and Khan, S. M. (2014). The Alzheimer's disease mitochondrial cascade hypothesis: Progress and perspectives. Biochim. Biophys. Acta 1842, 1219–1231. doi: 10.1016/j.bbadis.2013.09.010 

 Trejo-Castro, A. I., Carrion-Alvarez, D., Martinez-Torteya, A., and Rangel-Escareño, C. (2022). A bibliometric review on gut microbiome and Alzheimer's disease between 2012 and 2021. Aging Neurosci. 14:2022. doi: 10.3389/fnagi.2022.804177

 Varda, S. B., Edna, N. C., Anna, S. K., and Rajeev, G. (2018). VDAC1, mitochondrial dysfunction, and Alzheimer's disease. Pharmacol. Res. 131, 87–101. doi: 10.1016/j.phrs.2018.03.010 

 Wang, J., Marksebery, W. R., and Lovell, M. A. (2006). Increased oxidative damage in nuclear and mitochondrial DNA in mild cognitive impairment. J. Neurochem. 96, 825–832. doi: 10.1111/j.1471-4159.2005.03615.x 

 Wang, X. L., Su, B., Lee, H. G., Li, X. Y., Perry, G., Smith, M. A., et al. (2009). Impaired balance of mitochondrial fission and fusion in Alzheimer's disease. J. Neurosci. 29, 9090–9103. doi: 10.1523/JNEUROSCI.1357-09.2009 

 Wang, X., Wang, W., Li, L., Perry, G., Lee, H. G., and Zhu, X. (2014). Oxidative stress and mitochondrial dysfunction in Alzheimer's disease. Biochim. Biophys. Acta 1842, 1240–1247. doi: 10.1016/j.bbadis.2013.10.015 

 Wang, X. J., and Zheng, W. (2019). Ca2+ homeostasis dysregulation in Alzheimer’s disease: a focus on plasma membrane and cell organelles. FASEB J. 33, 6697–6712. doi: 10.1096/fj.201801751R 

 Wu, A. J., Tong, B. C., Huang, A. S., Li, M., and Cheung, K. H. (2020). Mitochondrial calcium signaling as a therapeutic target for Alzheimer’s disease. Curr. Alzheimer Res. 17, 329–343. doi: 10.2174/1567205016666191210091302

 Xu, Y., Cheng, L., Sun, J., Li, F., Liu, X., Wei, Y., et al. (2021). Hypermathylation of mitochondrial cytochrome b and cytochrome c OxidaseIIGenes with decreased mitochondrial DNA copy numbers in the APP/PS1 transgenic mouse model of Alzheimer’s disease. Neurochem. Res. 46, 564–572. doi: 10.1007/s11064-020-03192-y 

 Yang, L., Zhao, D., Ren, J., and Yang, J. (2015). Endoplasmic reticulum stress and protein quality control in diabetic cardiomyopathy. Biochim. Biophys. Acta. (BBA)-Mol. Basis Dis. 1852, 209–218. doi: 10.1016/j.bbadis.2014.05.006

 Yuan, X., Chang, C., Chen, X., and Li, K. (2021). Emerging trends and focus of human gastrointestinal microbiome research from 2010-2021: a visualized study. J. Transl. Med. 19:327. doi: 10.1186/s12967-021-03009-8 

 Zhang, T., Chen, D., and Lee, T. H. (2019). Phosphorylation signaling in APP processing in Alzheimer’s disease. Int. J. Mol. Sci. 21:209. doi: 10.3390/ijms21010209 

 Zhang, G. F., Gong, W. X., Xu, Z. Y., and Guo, Y. (2022). Alzheimer’s disease and epilepsy: the top 100 cited papers. Aging Neurosci. 14:926982. doi: 10.3389/fnagi.2022.926982 



OPS/images/fnagi-15-1136400-t001.jpg
Countries/ Records Percentage  H (%)-index Citations Citations per Total link

regions (%) publication  strength (TLS)
1 United States 992 010 141 78280 7891 156
2 China 403 1630 66 12,898 3200 18
3 Taly 191 772 & 1,928 6245 u7
4 Germany 110 566 4 7,098 5070 125
5 India 124 501 58 4703 3793 7
3 Spain 121 489 57 6052 5002 110
7 England 120 485 4 8610 7175 123
8 South Korea 105 42 16 4271 1068 36
9 Portugal 95 381 4 532 5602 5

10 Japan 84 340 a2 6,243 7432 61





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Trends of mitochondrial changes in AD: a bibliometric study



		1. Introduction



		2. Methods



		3. Results



		3.1. Publications



		3.2. Analysis of countries/regions, institutions, journals



		3.3. Analysis of productive authors and co-cited authors



		3.4. Analysis of high-cited references and co-cited references



		3.5. Analysis of keywords









		4. Discussion



		4.1. Limitations









		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fnagi-15-1136400-g012.jpg
$i vosviewer

amyotrophic
.

positron-emission-tomegray
i T

RSBy o v O,

B o
polyphenals o neuronal cells

"f tances @ ‘memoryddfcs ¢ pepides
wieh ad
‘cerebrél amylaid angiopthy

© plague-farmation

2012 2014

2016

2018





OPS/images/fnagi-15-1136400-t003.jpg
Journals Records  Percentage (%) IF H(%)-index Citations per Quartilein

publication  category

1 Journal of Alzheimers Disease 203 821 4160 61 5453 Q@
2 Molecular Neurobiology 69 279 5686 2 3880 Q
3 Neurobiology of Aging 49 198 5133 30 59.29 @
4 International Journal of Molecular Sciences 46 186 6.208 18 19.02 Qi
5 Journal of Neurochemistry 44 178 5546 31 9591 Q
6 Biochimica ET Biophysica ACTA-Molecular 42 170 6633 32 13812 Qi

Basis of Disease

7 Plo$ One 37 150 3752 23 56.81 @
8 Mitochondrion 36 146 4534 18 4056 [
8 Neurochemical Research 36 146 4414 20 4336 @

10 Cells 35 141 7.666 10 1549 @





OPS/images/fnagi-15-1136400-t002.jpg
Institutions Records Percentage (%) H (%) -index  Citations per Location

publication

1 University of California System 90 364 s0 8550 ‘The United States
2 Universidade DE Comibra 78 315 2 60.45 Portugal

3 of Texas System 77 31 42 9079 ‘The United States
4 Cornell University 62 251 37 13271 ‘The United States
5 University of Kansas 62 251 28 7060 ‘The United States
6 National Institutes of Health NIH USA 61 247 38 .72 “The United States
7 Case Western Reserve University 54 218 37 13530 ‘The United States.
8 University of London 51 206 31 77.82 England

9 Harvard University 48 194 2 5294 ‘The United States

10 Udice French Research Universities 48 194 24 5448 France





OPS/images/fnagi-15-1136400-g011.jpg
traffigking.
losporine-a
es.elﬂm'ﬂ fragmentation

h@ment

J 970

¢ ¢ gyfod © bax
m” o »,

base .excmen-repaw ® | ac © @ caspase:3

e hydmyww" en.gy r.i o5 M “ polyphenals n.eurocﬂ:ens
'Sﬁn@ Cmemorgiéfiits @ peptides
‘baigiet © agd
cerebral amylaid angiopathy

© plaque-farmation
A VOSviewer





OPS/images/fnagi-15-1136400-g010.jpg
tu hp, 2006/Celli126, 981,

schinzel ac, 2095, p natl acad

Mgy g9 scieg 1280

© Sehinder gt 1986 newrosci.

area g6mez o mﬁﬁm Jelho 1Y
meezmo n’ By "'
R %lzu@,o'aw
i '?Jc ‘w-vtzwﬁwcv&‘ peﬁﬁse
cnanger, m&n g 3 9°

ishinara n, z

ancimlar, 4
, j@)zh&mers dis

o ozl , oy ¢

silva df, 20134um mol g

§i vosviewer





OPS/images/cover.jpg
, frontiers | Frontiers in Aging Neuroscience

Trends of mitochondrial changes
in AD: a bibliometric study












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
, frontiers Frontiers in Aging Neuroscience






OPS/images/fnagi-15-1136400-g005.jpg
caech republic

A VOSviewer

southafrica





OPS/images/fnagi-15-1136400-g006.jpg
Irces fdn g@nta lucia
.
univ romagior vagasca

unij e
/ [ e
& pontifica unfiécatolica chile
.

univ autdfipma chile

uni
¥ =
. (=

i unigghile
ed tr dllas
shandong univ S g e chitkara dhiv univ szeged
chinese ag@hi med -~ russian acad sci
iv res arpeurol
beljing nar

univ

isf collpharm

texas fegh univ

charles univ prague
gen univ hosp prague

S, vosviewer





OPS/images/fnagi-15-1136400-g003.jpg
250

50

o

S 53 O
SEFESELSELLEEEF S F TS

USA China Italy Germany India
Spain England South Korea Potugal Japan






OPS/images/fnagi-15-1136400-g004.jpg





OPS/images/fnagi-15-1136400-g009.jpg





OPS/images/fnagi-15-1136400-g007.jpg
Si vosviewer

hum gene ther

vision res

Soc newr abstt

énde

ibiuse

neurobiola

[

o .
nutsres phytdibet res a5 medehemiert
jginseng s

biinformation





OPS/images/fnagi-15-1136400-g008.jpg
@ O i st e

shahikar, gm @ Im
iikhanin © 1 e,
3 rla.fm’ """ area-gomez, 66"

98 5 S rodrtguez, m 9%

; @l franggen. %
rizzuto, T°
P - vvemreken,p
‘pagan, lucia legiih guaxf
, TEOUINBR o o T T

mecormack. g X< 4
nrika chg dh Scang ef Weicabayashi,

zhang, | .
4 =Hhar s n
89T L Chappdc chBRBRESS. s
gou.

pe T8 o

patk
R, AL Y
seilb@s
w8 g
Isgo . Jgrm pareng a,dp
% gaafic
e ,J.o m% @B yeh:
e" '

et @, et p
tabiii.

$i vosviewer





OPS/images/fnagi-15-1136400-g001.jpg
Type

3.15%  0.89%

69.48%

Article ® Review ® Proceeding Paper ® Book Chapter





OPS/images/fnagi-15-1136400-g002.jpg
Output

300
250

200

: -lllIlIllIIIIIIIIIIIIlI

Year

1

@
8

1

S
3

@
3

' 2000 ® 2001 ® 2002 ® 2003 W 2004 W 2005 W 2006 W 2007 W 2008 ™ 2009 ™ 2010 ™ 2011
= 2012 = 2013 = 2014 = 2015 = 2016 = 2017 ™ 2018 ® 2019 ™ 2020 = 2021 ™ 2022





OPS/images/fnagi-15-1136400-t005.jpg
Swerdlow, Russell H.
Moreira, Paula
Perry, George

Reddy, P, Hemachandra
(UsA)

Eckert, Anne

Reddy, P, Hemachandra
(India)

Yan, Shirley ShiDu
Brinto, Roberta D.
Moreira, Paula 1.

Gibson, Gary E.

Records

55
4
39
3

33
e

2%
2
20

Percentage (%)

222

170

158

133

133

097

097

0.89

0.80

077





OPS/images/fnagi-15-1136400-t004.jpg
Journals Citations Total link IF H (%)-index  Quartile in

strength category
1 Journal of Biological Chemistry 8,666 1,039,591 5485 57 Q
2 Proceedings of The National Academy of Sciences. 8311 1052362 12779 14 Qt

of The United States of America

3 Journal of Neuroscience 7,084 860,667 6709 31 Ql
4 Journal of neurochemistry 5649 699,116 5546 B @
5 Journal of Alzheimer’s Disease 4533 565,283 4160 2 @
6 Nature 4516 588,446 69.504 1 Ql
7 Science 4454 561,845 63832 £ @
8 Neurobiology of Aging 3687 165,324 5686 3 Q
9 Human Molecular Genetics 3,668 511,788 5133 3 @

10 Cells 2920 384,107 7.666 1 @





OPS/images/fnagi-15-1136400-t006.jpg
Co-cited Citations Total link

authors strength
1 Reddy, PH 1,264 62971
2 Swerdlow, RH 1221 67,444
3 Manczak, M 1118 59,789
4 Wang, XL 970 53343
5 Mattson, MP 772 34,088
6 Du.H 652 31,703
7 Moreira, PI 613 32215
8 Gibson, GE. 485 24,891
9 Parker, WD 467 29544

10 Beal, MF 464 24,121





